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Abstract: Oxidative stress plays a central role in the mechanism of gentamicin-induced nephrotoxicity. The
antioxidant properties of Cyperus esculentus (CE) have been reported. This study aimed to explore its
potential in ameliorating symptoms of nephrotoxicity in a gentamicin-induced model. Tubers of CE were
extracted with distilled water. Phytochemical analysis was done using standard protocols. Twenty-five male
Wistar albino rats were divided into five groups of five animals each and treated for 8 days: Group I received
normal saline, Group II (Gentamicin group)-gentamicin 80 mg/kg + distilled water, Group III-V were
administered 80 mg/kg gentamicin +100, 200 and 400 mg/kg CE respectively 1 hour after gentamicin
treatment. The rats were anesthetized and blood was collected via cardiac puncture for biochemical analysis.
The gentamicin group showed significant increase in serum urea and creatinine levels compared to the control
group. Cyperus esculentus resulted in a further elevation of these parameters in a dose-dependent manner.
Furthermore, there was a significant increase in serum potassium and a significant decrease in bicarbonate at
400 mg/kg CE. Histological results further buttressed the biochemical findings. In conclusion, oral
administration of Cyperus esculentus in gentamicin-induced nephrotoxicity resulted in a further elevation in
serum levels of urea, creatinine, and potassium as well as a decrease in serum bicarbonate, and failed to protect
against gentamicin-induced nephrotoxicity.
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INTRODUCTION

The kidney is a vital organ in health and disease, many environmental contaminants and chemical variables,
including drugs may alter its functions (Kataria ef al., 2015;

Kuzma et al., 2021). Gentamicin, a widely used aminoglycoside against infections by gram-negative bacillary
microorganisms can result in acute renal failure in 10-30% of patients once given beyond seven days
(AbdelRaheem et al., 2009). The mechanism of gentamicininduced nephrotoxicity comprises of oxidative stress
due to radical generation, a rise in lipids peroxidation, a decrease in the activity of both endogenous enzymatic
and nonenzymatic antioxidants, inflammation of the renal tubules, and consequent release of pro-inflammatory
cytokines. These result in reduced glomerular filtration rate and renal dysfunction (Balakumar ef al., 2010; Lee
et al.,2012). Consequently, several compounds with antioxidant and anti-inflammatory activity have been shown
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to prevent or ameliorate gentamicin-induced nephrotoxicity (Adil et al., 2016; Ehsani et al., 2017; Hajihashemi
et al., 2020; Atsamo et al., 2021).

Cyperus esculentus commonly called tiger nut, chufa, earth almond, or yellow nutsedge belongs to the family
Cyperaceae. 1t is native to the warm temperate or subtropical regions of the northern hemisphere and cultivated
in China, Spain, and West African countries like Niger, Mali, Senegal, Ghana, Togo, and Northern Nigeria. In
Nigeria, Cyperus esculentus is locally known as Aya among the Hausas, /mumu among Yorubas, and Ofiooraki
Hausa among the Igbos. The nut is either consumed in its fresh state or after being dried, roasted, or made into a
beverage known as Kunnu (Oladele and Aina, 2007). Tiger nut has been reported to be rich in energy content
(starch, fat, sugars, and protein) (Belewu and Abodunrin, 2008). The mineral content of tiger nuts in a decreasing
order comprises potassium (P), phosphorus (P), magnesium (Mg), calcium (Ca), sodium (Na), iron (Fe), zinc
(Zn), and copper (Cu) respectively. It was also shown to contain a high level of antioxidant vitamins; vitamin E
and C and a little vitamin A content (Suleiman et a/., 2018), high phenolic content (Ogunlade et al., 2015) and a
rich source of flavonoid (El-Habashy, 1988). The antioxidant properties of Tiger nut against 1,1-diphenyl-2
picrylhydrazyl (DPPH) and hydroxyl (OH) radicals and Fe*" induced malondialdehyde (MDA) production has
been reported (Ademosun and Oboh, 2015; Ogunlade et al., 2015). It has been shown to reduce oxidative stress
in the liver and inflammation in atherosclerosis (Achoribo and Ong, 2017). Tiger nut powder has also shown
antioxidant, anti-inflammatory, and anti-apoptotic effects to prevent testicular dysfunction in rats (Adelakun et
al., 2021, Udefa et al., 2020). It decreased scopolamine-induced deregulated glutathione (GSH) contents and
antioxidant enzymes in the mouse brain (Umukoro et al., 2020). The medicinal value of plants lies in the plant
phytochemical (bioactive) constituents, which show various physiological effects on the human body (Adebisi et
al., 2018). This present study determined the phytochemical constituents and explored the potential of aqueous
extract of Cyperus esculentus in ameliorating renal failure in gentamicin-induced nephrotoxic male Wistar rats.
MATERIALS AND METHODS Chemicals, Reagents, and Drugs

Gentamicin injection (DERM GENTAMY CIN®) was purchased locally and manufactured by Shanxi Zhungbao
Shuguang. Chemicals such as Mayer’s reagent, Wagner’s reagent, Dragendroff reagent, gold beater’s skin, Ferric
chloride, Molisch’s reagent, Fehling solution, sodium hydroxide, hydrochloric acid, sulfuric acid and other
chemicals used to were analytical grade and obtained from the research laboratory of Pharmacognosy and
Ethnopharmacy, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University Sokoto.

Experimental Animals

Thirty (30) albino Wistar rats comprising five (5) females and twenty—five (25) males weighing (180 — 220 g)
were purchased from Department of Pharmacology and

Therapeutics, Ahmadu Bello University Zaria, , Nigeria. The animals were kept in a well-ventilated cage at room
temperature of 12 hours light and dark cycle and acclimatized for 14 days. They were fed with standard chow and
had access to food and water ad libitum. The study protocol was approved by the animal research ethics committee
of the Department of Pharmacology and Toxicology UDUS (PTAC/Ce/(Ae)/OT/41-22). The care and handling
of the animals were according to the established public health guidelines on the use of laboratory animals in
research.

Collection and Identification of Cyperus esculentus the plant was collected from Yarkuhuji village, Mafara
local government, Zamfara state. It was identified at the herbarium unit of the Department of Pharmacognosy and
Ethnopharmacy, Usmanu Danfodiyo University Sokoto (UDUS), and authenticated by the taxonomist Mallam
Abdul-Azeez Salihu of the Department of Biological Sciences (UDUS). The plant was given a voucher number
PCG/UDUS/CYPE/0001 and preserved in the herbarium for future reference
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Preparation of Aqueous Extract of Cyperus esculentus the tubers were thoroughly screened, washed and
airdried. The samples were ground using wooden mortar and pestle until a coarse sample was obtained. Aqueous
extract of the sample was prepared by soaking 100 g of dried powdered sample in 200 ml of distilled water for
24 hours. The extract was filtered using Whatman filter paper No. 42 (125 mm) and dried in a water bath at a
temperature of 50 °C.

Phytochemical Analysis

The qualitative analysis of the aqueous extract was assessed using the methods described by Trease and Evans
(1999) to detect the presence of chemical constituents including alkaloids, tannins, saponins, flavonoids,
carbohydrates, cardiac glycosides, and steroids

Acute Oral Toxicity Study

The acute oral toxicity study was done in healthy adult female rats according to OECD guidelines no 425 (OECD,
2008). A limit dose of 2000 mg/kg was used for the study. Five female rats were labeled for identification. An
animal was picked at a time, weighed, and dosed with an equivalent volume of extract containing 2000 mg/kg
body weight dissolved in distilled water as a vehicle after overnight fasting. Oral administration of the extract
was done using a gastric feeding tube.

Each animal was observed after dosing for the first 5 minutes for signs of regurgitation and then kept in a metallic
cage. Each was then observed every 15 minutes in the first 4 hours after dosing, then every 30 minutes for 6 hours,
and then daily for 48 hours for the short-term outcome according to the specifications of the OECD. The animals
were monitored for a total of 14 days for the long-term possible lethal outcome.

Experimental Design

The method of ApaydinYildirim et al. (2017) was adopted with slight modification (modified in terms of vehicle
used and three extract treated dose levels as against two). Twenty-five male Wistar rats were used for the study.
The animals were divided into five groups of five animals each. Each group received treatment as follows: Group
I (Normal control) received normal saline (1 ml/kg) ip, Group II (Gentamicin group) received gentamicin 80
mg/kg ip and distilled water (10 ml/kg) by oral gavage, Group III-V received gentamicin 80 mg/kg ip plus a
graded dose 100 mg/kg, 200 mg/kg and 400 mg/kg Cyperus esculentus extract respectively by oral gavage 1 hour
after gentamicin treatment. All treatments were given once daily for 8 days. Afterward, animals were fasted
overnight, anesthetized and blood was collected via cardiac puncture for biochemical analysis.

Assessment of Kidney Function Parameters

Blood samples were gently placed in plain bottles to avoid haemolysis of the blood cells. Blood serum was
obtained by centrifugation at 4000 rpm for 5 minutes. Assessment of kidney function was done by estimating
serum urea (modified Urease-Berthelot colorimetric method in autoanalyzer (Fawcett and Scott, 1960) creatinine
(alkaline picrate method in auto-analyzer) (Bartel et al., 1972) and serum electrolytes (i.e sodium, potassium,
chloride, and biocarbonate) using ion selective electrode method (electrolyte analyzer- K-Lite 8 series).
Histopathological Analysis

After blood collection, the kidneys were carefully dissected longitudinally, and gross pathological observation
was performed to check for any gross lesions. It was then fixed in 10% buffered formalin solution, dehydrated in
an ascending series of alcohol, cleared in xylene and embedded in paraffin wax melting at 60 °C. Serial sections
(4-5-um thick) were mounted on 3- aminopropyltriethsilane- coated slides and dried for 24 hours at 37 °C
(Baravalle et al., 2006). The sections on the slides were deparaffinized, hydrated, stained with Mayer’s
hematoxylin and eosin dyes, dried, and mounted on a light microscope (Carl Zeiss Microscope at magnification
x100 for histopathological examination.
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Statistical Analysis

Data were presented as mean =+ standard error of the mean (SEM). The results were analyzed using Graph Pad
Prism version 8 software. Multiple comparisons of means amongst groups were made using one-way analysis of
variance (ANOVA) and Dunnett’s post-test comparison was

used to test for statistically significant differences at p< 0.05

RESULTS

Preliminary Phytochemical Screening The preliminary phytochemical screening of the aqueous extract of
Cyperus esculentus show the presence of alkaloids, cardiac glycosides, sterols, saponins, and carbohydrates as
presented in Table 1

Table 1: Qualitative phytochemical screening of C. esculentus aqueous extract

S/N SECONDARY METABOLITE TEST RESULT
1 Saponins Frothing +
2 Tannins Gold beaters skin test -
3 Flavonoids Shinoda’s -
Sodium hydroxide -
Ferric chloride -
4 Carbohydrate Molisch +
Fehlings +
5 Alkaloids Mayers +
Dragendroff +
Wagners +
6 Steroids Salkowski +
Liebermann Burchard +
7 Cardiac glycosides Keller-Kelliani +
+= Detected; - = Not detected
Acute Oral Toxicity

A single oral administration of the extract at 2000 mg/kg caused restlessness and itching of the ear and lower
limbs in two out of five animals. No mortality occurred within 24 hours after administration and after fourteen
days of observation. Therefore, the LDso of the aqueous extract of Cyperus esculentus is greater than the test dose.
Effect of Aqueous Extract of Cyperus esculentuson Kidney Function Parameters

The results indicated that administration of gentamicin at a dose of 80 mg/kg/day for 8 consecutive days showed
a significant increase in serum urea and serum creatinine compared to the normal animals. Aqueous extracts of
Cyperus esculentus showed a dose-dependent increase in these parameters compared to the untreated group as
shown in Figures 1 and 2. An insignificant decrease in serum electrolytes was observed in the gentamicin group
compared to the normal control.

However, in the extract-treated groups, a significant increase in serum potassium and a significant decrease in
serum bicarbonate were observed at 400 mg/kg of the extract as compared to the gentamicin group. There was no
significant difference in serum sodium and chloride ions across the groups. This is shown in Table 2.
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Histological analysis

Histological examination of the kidney sections showed necrosis of the tubular epithelium, presence of hyaline
materials in the lumen, and mild inflammatory infiltrates in the interstitium in all the groups that received
gentamicin (i. e Group II-V) compared to the normal control group, which showed normal glomeruli and normal
tubules without hyaline materials in the lumen nor signs of interstitial inflammation. Administration of Cyperus
esculentus extract did not avert these effects. Further increased tubular secretions were seen with the highest dose
of the extract (400 mg/kg). This is shown in Figure 3.

DISCUSSION

In this study, the possible renoprotective effect of Cyperus esculentus extract against renal injury induced by
gentamicin was investigated against the backdrop of its reported antioxidant and anti-inflammatory properties
(Ademosun and Oboh, 2015; Adelakun et al., 2021, Udefa
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Figure 1: Effect of aqueous extract of C. esculentus on serum creatinine

Values are mean + SEM (N=5) *=ssignificant at p <0.05 when compared with Group II. += significant at p <0.05
when compared with normal control; Group I = normal control group; Group II = untreated gentamicin group;
Group III = 100 mg/kg C. esculentus Aq. Extract; Group IV = 200 mg/kg, C. esculentus Aq. Extract;

Group V =400 mg/kg C. esculentus Aq. Extract
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Figure 2: Effect of aqueous extract of C. esculentus on serum urea.

Values are mean + SEM (N=5) *= significant at p < 0.05 when compared with Group II. += significant at p
< 0.05 when compared with normal control; Group I = normal control group; Group II = untreated gentamicin
group; Group III = 100 mg/kg C. esculentus Aq. Extract; Group IV =200 mg/kg, C. esculentus Aq. Extract; Group
V =400 mg/kg C. esculentus Aq. Extract

Group V 400 mg/kg C esculentus Aq Extract

Flgure 3 Photomlcrograph of kidney sections of gentamicin intoxicated experimental rats administered C.
esculentus aqueous extact (x 100)

A= Kidney section of normal rats showing normal glomerulus (long arrow), proximal convulated tubules and
distal convulated tubules (short arrow); B= kidney section representing groups 1I-V showing tubular necrosis
| 13|Page
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evidenced by the loot of tubular epithelium (arrow); C= kidney section (II-V) showing hyaline materials within
the tubules (arrow); D= kidney section (groups II-V) showing interstitial inflammatory infiltrate (arrow); E =
kidney section (V) showing increased ubular secretions (long arrow) and necrosis (short arrow); Group I = normal
control group; Group II = untreated gentamicin group; Group III = 100 mg/kg C. esculentus Aq. Extract; Group
IV =200 mg/kg, C. esculentus Aq. Extract; Group

V =400 mg/kg C. esculentus aq. Extract

The acute dosing of 2000 mg/kg of the extract in rats did not result in any observed toxic effect. Other studies
have shown that the oral lethal dose of Cyperus esculentus is above 5000 mg/kg (Oladipipo et al., 2016; Udefa et
al.,2020). The results of the preliminary phytochemical analyses show the presence of saponins, alkaloids, cardiac
glycosides, steroids, and carbohydrates. This is similar to the report of Chukwuma et al. (2010). However, Imam
et al. (2013), Charles et al. (2018) and Nwosu et al. (2022) reported the presence of tannins and flavonoids in
their study. This may be probably due to the difference in the solvent of extraction. Moreover, Felhi et al. (2017);
Thouri et al. (2017); Gonfa et al. (2020), and Sharma et al. (2021) have shown that extraction solvent influences
the phytochemical constituents detected in plant materials. Furthermore, the effect of seasonal changes/ time of
collection on phytochemical constituents of plant materials have been previously reported (Gololo et al., 2016;
Tavhare et al., 2016; Adegbaju et al., 2020).

Renal function is evaluated by measuring its ability to excrete creatinine and urea. Gentamicin, a known
nephrotoxic agent significantly increases serum urea and creatinine indicating altered glomeruli and tubular
functions (Nafiu et al., 2019). The toxicity of aminoglycosides, including gentamicin, is related to the generation
of reactive oxygen species (ROS) in the kidney and a relationship between nephrotoxicity and oxidative stress
has been confirmed in many experimental models (Kakalij ef al., 2014). The extract of Cyperus esculentus at 200
and 400 mg/kg led to a further increase in serum urea and creatinine. A significant increase in serum potassium
and a decrease in bicarbonates in the group that received 400 mg/kg extract compared to the gentamicin group
were also observed. Tiger nut is reportedly rich in mineral content such as potassium, sodium, calcium,
magnesium, phosphorus, copper, efc, with potassium being the highest (Suleiman et al., 2018, Chinedu et al.,
2019, Aladekoyi et al., 2019). Potassium is important in maintaining electrolyte and chemical balance between
the tissue cells and the blood (Aladekoyi et al., 2019). This may interfere with the extracellular fluid's osmotic
balance leading to loss of body water and a subsequent electrolyte imbalance that may be responsible for the
observed elevations of some of the kidney parameters in this study. This biochemical result is consistent with the
histopathological examination that revealed the presence of hyaline materials within the tubules, interstitial
inflammatory infiltrate and increased tubular necrosis in the renal tissue of the extract-treated groups. Therefore,
aqueous extracts of Cyperus esculentus could not ameliorate the symptoms of renal toxicity in a gentamicin model
despite its reported antioxidant property. A review by Dennis and Witting (2017) that examined the protective role
of antioxidants in acute kidney injury reported that although some pre-clinical studies have demonstrated that
antioxidants ameliorate the symptoms of renal injury and improve kidney function by reducing oxidative damage
and/or inflammation, some therapeutic antioxidants have generally failed to show benefit in human acute renal
injury. For instance, Selenium though possesses antioxidant properties, its supplementation inhibited renal
oxidative damage and inflammation, yet was not reno-protective in an animal model of acute kidney injury (Shanu
et al., 2013). Similar studies with synthetic polyphenol, tert-butyl-bisphenol, and vitamin E supplementation,
despite ameliorating oxidative stress and decreasing biomarkers of inflammation, demonstrated a lack of
amelioration of acute kidney injury in animal models (Kim ez al., 2011). N-acetylcysteine (NAc), a synthetic
derivative of cysteine and precursor of Glutathione (GSH) that exhibits reactive oxygen species scavenging
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activity has undergone several trials but has proved largely inconclusive in alleviating kidney injury (Chalikias et
al., 2016; Dennis and Witting, 2017).
Agbabiaka er al. (2013) reported significantly higher creatinine values (p<0.05) in birds fed diets containing 25%,
50%, 75%, and 100% Cyperus esculentus meal and higher urea values in those fed 50%, 75%, and 100% Cyperus
esculentus meal compared to control. Akpojotor et al. (2015) also reported that Cyperus escule ntu extract
significantly increased the serum biochemical parameters for liver function indicating the plant could likely be
hepatotoxic. Dhouha ef al. (2016) and Ekeanyanwu et al. (2010) reported that antinutrients such as tannins,
saponins, phylates, oxalates, and cyanogenic glycosides are present in Cyperus esculentus nut in considerable
quantities and consumption of foods that contain a high quantity of antinutrients over a long period could be
harmful to the body. Oxalates for example can remove calcium in the form of calcium oxalate in the blood and
this may result in kidney damage (Ekeanyanwu et al., 2010). Furthermore, kidney injury has been reported as one
of the common adverse effects caused by herbal materials (Bagnis ef al., 2004).
Nonetheless, the tuber of Cyperus esculentus is used in making a refreshing beverage called kuunu in Nigeria
which is consumed mostly in the Northern region of Nigeria (Belewu and Abodurin, 2008) and there have not
been any reported cases of toxicity in humans (Ekeanyanwu et al., 2010). A study of the effect of a four-week
daily administration of Cyperus esculentus on heamatological and biochemical parameters in Wistar rats by
Oladipupo et al. (2016) did not significantly affect liver and kidney function parameters. This may suggest that
Cyperus esculentus extract did not ameliorate the underlined nephrotoxicity induced by gentamicin in this study.
CONCLUSION
In conclusion, oral administration of aqueous extract of Cyperus esculentus in gentamicin-induced nephrotoxicity
resulted in a further elevation in serum levels of urea, creatinine, and potassium as well as a decrease in serum
bicarbonate, hence it failed to protect against gentamicininduced nephrotoxicity in rats.
REFERENCES
Abdel-Raheem, 1. T., Abdel-Ghany, A. A. and Mohamed, G. A. (2009). Protective effect of quercetin against
gentamicin-induced nephrotoxicity in rats. Biological and Pharmaceutical Bulletin, 32(1):
6167.

Achoribo, E. S. and Ong, M. T. (2017). Tiger Nut (Cyperus esculentus): source of natural anticancer drug? Brief
review of existing literature. Euromediterranean Biomedical Journal, 12: 91-94

Adebisi, I. M., Bello, S. O., Shehu, C. E., Musa, A., Mshelia, H. E. and Suleiman, A. (2018). Quantitative
phytochemicals and inhibitory effect of methanol extract of Dioscorea prehensilis on platelet aggregation

in vitro. Nigeria Journal of Pharmaceutical and Biomedical Research, 3
(1):41-45

Adegbaju, O. D., Otunola, G. A. and Afolayan, A. J. (2020). Effects of growth stage and seasons on the
phytochemical content and antioxidant activities of crude extracts of Celosia argentea L. Heliyon, 6(6):
€04086.

Adelakun, S. A., Akintunde, O. W. and Ogunlade, B. (2021). Fluoride-induced testicular degeneration and sperm
quality deteriorations: Salutary role of Cyperus esculentus tubers (tiger nut) extract in animal ~ model.
Revista Internacional de Andrologia, 19(3):201-212.

https://loganjournals.online | Volume 11 Issue 3 | 15|Page




Journal of Basic and Life Sciences

Ademosun, A. O. and Oboh, G. (2015). Inhibition of carbohydrate hydrolyzing enzymes associated with type 2
diabetes and antioxidative properties of some edible seeds in vitro. International Journal of Diabetes in
Developing Countries, 35(3):516-521.

Adil, M., Kandhare, A. D., Dalvi, G., Ghosh, P., Venkata, S., Raygude, K. S. and Bodhankar, S. L. 2016.
Ameliorative effect of berberine against gentamicin-induced nephrotoxicity in rats via attenuation of
oxidative stress, inflammation, apoptosis, and mitochondrial dysfunction. Renal Failure, 38(6): 996-1006.

Agbabiaka, L.A., Madubuike, F.N., Ekenyem, B.U. and Esonu, B.O. (2013). Effect of tigernut based diets on
haematology and serum biochemistry of broiler finisher.Agriculture and Biology Journal of North
America, 4(3):186-191.

Akpojotor, P., Njoku, B. and Kyrian, N.U. (2015). Effects of Ethanolic Extract of Cyperus esculentus (Tiger Nut)
on some liver function parameters using albino wistar rats. European Journal of Pharmaceutical
and Medical Research 2(5):1705-1715

Aladekoyi, G., Aladejimokun, A.O., Ajayi, 1.O. and Osindeinde, T.E. (2019). Comparative study of mineral and
fatty acid composition of oil extracted from raw and anaerobic fermented tiger nut seed (Cyperurs
esculentum). European Journal of Food Science and Technology 7(3):16-23,

ApaydinYildirim, B., Kordali, S., TerimKapakin, K.A., Yildirim, F., AktasSenocak, E. and Altun, S. (2017). Effect
of Helichrysum plicatum DC. subsp. plicatum ethanol extract on gentamicin-induced nephrotoxicity in
rats. Journal of Zhejiang University-SCIENCE B, 18(6): 501-511.

Atsamo, A.D., LontsieSongmene, A., MetchiDonfack, M.F., Ngouateu, O.B., Nguelefack, T.B. and Dimo, T.
(2021). Aqueous extract from Cinnamomum zeylanicum (lauraceae) stem bark ameliorates gentamicin-
induced nephrotoxicity in rats by modulating oxidative stress and inflammatory markers. Evidence-Based
Complementary and Alternative Medicine, 5543889.

Bagnis, C. L., Deray, G., Baumelou, A., Le Quintrec, M. and Vanherweghem, J. L. (2004). Herbs and the kidney.
American Journal of Kidney Diseases, 44(1):1-11.

Balakumar, P., Rohilla, A. and Thangathirupathi, A. (2010). Gentamicin-induced nephrotoxicity: do we have a
promising therapeutic ~ approach to blunt it? Pharmacological Research, 62(3):179-186.

Baravalle, C., Salvetti, N.R., Mira, G.A., Pezzone, N. and Ortega, H. H. (2006). Microscopic characterization of
follicular structures in letrozole-induced polycystic ovarian syndrome in the rat. Archives of Medical
Research, 37(7):.830839.

Bartel, H., Bohmer, M. and Heierli, C. (1972). Serum creatinine  determination without protein
precipitation. Clinica Chimica Acta; International Journal of Clinical Chemistry, 37:193-197.

Belewu, M. A. and Abodunrin, O. A. (2008). Preparation of Kunnu from unexploited rich food source: Tiger nut
(Cyperus esculentus). Pakistan Journal of Nutrition, 7(1):109-111.

https://loganjournals.online | Volume 11 Issue 3 | 16|Page




Journal of Basic and Life Sciences

Chalikias, G., Drosos, I. and Tziakas, D. N. (2016). Prevention of contrast-induced acute kidney injury: an update.
Cardiovascular Drugs and Therapy, 30(5): 515-524.

Charles, O. N., Essien, E. B. and Patrick-Iwuanyawu, K. C. (2018). Studies on the phytochemical, proximate
composition, and biochemical properties of the combination of Cyperus esculentus (tiger nuts) and

Phoenix dactilyfera (date fruit) flour on male albino Wistar rats. Journal of Pharmacognosy and
Phytochemistry, 7(5):1049-1054.

Chinedu, 1., Friday, O.U., Kayode, A.A., Chukwuma, S.E., Ifeoma, J.O., Caleb, J.N. and Chigozie, J. A. (2019).
Chemical composition of Cyperus esculentus nut and Phoenix dactylifera fruit. African Journal of
Biotechnology, 18(19):408-415.

Chukwuma, E. R., Obioma, N. and Christopher, O. I. (2010). The phytochemical composition and some
biochemical effects of Nigeria tigernutut (Cyperus esculentus L.) tuber. Pakistan Journal of Nutrition,
9(7):709-715.

Dennis, J. M. and Witting, P.K. (2017). Protective role for antioxidants in acute kidney disease. Nutrients,
9(7):718.

Dhouha, K., Diana, A.A., Mokhtar, Z. and Iciar, A. (2016). Review on Cyperus esculentus: from food safety to
pharmacotherapeutics. International Journal of Pharmaceutics,6(2):71-81.

Ehsani, V., Amirteimoury, M., Taghipour, Z., Shamsizadeh, A., Bazmandegan, G., Rahnama, A., Khajehasani, F.
and Fatemi, 1. (2017). Protective effect of hydroalcoholic extract of Pistaciavera against gentamicin-
induced nephrotoxicity in rats. Renal Failure, 39(1):19-525.

Ekeanyanwu, R. C., Njoku O., Ononogbu, I.C. (2010). The phytochemical composition and  some
biochemical effects of nigerian tiger nut (Cyperus esculentus L.) Tuber. Pakistan Journal of Nutrition.
9(7): 709-715.

El-Habashy, I.LE.S.M. (1988). Taxonomical and Chemosystematic Studies on Cyperus (Cyperaceae) in Egypt:
Thesis Submitted for Degree of Doctor of Philosophy in Science (Botany). Mansoura University. pp. 254-
258.

Fawcett, J.K. and Scott, J. (1960). A rapid and precise method for the determination of urea. Journal of Clinical
pathology, 13(2):156-159.

Felhi, S., Daoud, A., Hajlaoui, H., Mnafgui, K., Gharsallah, N. and Kadri, A. (2017). Solvent extraction effects
on phytochemical constituents’ profiles, antioxidant and antimicrobial activities and functional group
analysis of Ecballium elaterium seeds and peels fruits. Food Science and Technology, 37:483-492.

Gololo, S. S., Shai, L.J., Agyei, N.M. and Mogale, M.A. (2016). Effect of seasonal changes on the quantity of
phytochemicals in the leaves of three medicinal plants from Limpopo province, South Africa. Journal of
Pharmacognosy and Phytotherapy, 8(9):168-172.

https://loganjournals.online | Volume 11 Issue 3 17|Page




Journal of Basic and Life Sciences

Gonfa, T., Teketle, S. and Kiros, T. (2020). Effect of extraction solvent on qualitative and quantitative analysis of
major phyto-constituents and in-vitro antioxidant  activity evaluation of Cadaba
rotundifolia Forssk leaf extracts. Cogent Food & Agriculture, 6(1):1853867.

Hajihashemi, S., Ahmadi, M., Chehrei, A. and Ghanbari, F. (2020). Ameliorative effect of cotreatment with the
methanolic leaf extract of Urticadioica on acute kidney injury induced by gentamicin
in rats. Avicenna Journal of Phytomedicine,10(3):273.

Imam, T.S., Aliyu, F.G. and Umar, H.F. (2013). Preliminary phytochemical screening, elemental and
proximate composition of two Cyperus esculentus (tiger nut) varieties. Nigerian Journal of Basic and
Applied Sciences, 21(4): 247-251.

Kakalij, R.M., Alla, C.P., Kshirsagar, R.P., Kumar, B.H., Mutha, S.S. and Diwan, P.V. (2014). Ameliorative effect
of Elaeocarpusganitrus on gentamicininduced nephrotoxicity in rats. Indian Journal of
Pharmacology,46(3):298.

Kataria, A., Trasande, L. and Trachtman, H. (2015). The effects of environmental chemicals on renal function.
Nature Reviews Nephrology, 11(10): 610-625

Kim, H.B., Shanu, A., Wood, S., Parry, S.N., Collet, M., McMahon, A. and Witting, P.K. (2011). Phenolic
antioxidants tert-butyl-bisphenol and vitamin E decrease oxidative stress and enhance vascular function
in an animal model of rhabdomyolysis yet do not improve acute renal dysfunction. Free Radical Research,

45(9):1000-1012.

Kuzma, L., Matyszko, J., Bachorzewska-Gajewska, H., Kralisz, P. and Dobrzycki, S. (2021). Exposure to air
pollution and renal function. Scientific Reports, 11(1):1-9.

Lee, I.C., Kim, S.H., Lee, S.M., Baek, H.S., Moon, C., Kim, S.H., Park, S.C., Kim, H.C. and Kim, J.C. (2012).
Melatonin attenuates gentamicin-induced nephrotoxicity and oxidative stress in rats. Archives of
toxicology, 86(10):1527-1536.

Nafiu, A. O., Akomolafe, R.O., Alabi, Q.K., Idowu, C.O. and Odujoko, O.0. (2019). Effect of fatty acids from
ethanol extract of Moringaoleifera seeds on kidney function impairment and oxidative stress induced by
gentamicin in rats. Biomedicine & Pharmacotherapy, 117:109154.

Nwosu, L.C., Edo, G.I. and Ozgér, E. (2022). The phytochemical, proximate, pharmacological, GCMS analysis
of Cyperus esculentus (tiger nut): A fully validated approach in health, food and nutrition. Food
Bioscience, 46:101551.

OECD (Organization for Economic Development) 2008. Guideline for testing of chemicals. Guidance no 425.
Up and Down procedure

Ogunlade, I., Adeyemi, B.A. and Aluko, O.G. (2015). Chemical compositions, antioxidant capacity of tiger nut
(Cyperus esculentus), and potential health benefits. European Scientific Journal, 11(10) p. 217-224

https://loganjournals.online | Volume 11 Issue 3 18|Page




Journal of Basic and Life Sciences

Oladele, A.K. and Aina, J.O. (2007). Chemical composition and functional properties of flour produced from two
varieties of tiger nut  (Cyperus esculentus). African Journal of Biotechnology,
6(21):2473-2476.

Oladipipo, A.E., Saheed, S. and Abraham, B.F. (2016). Four weeks daily dose oral administration assessment of
Cyperusesculentus L. aqueous extract on key metabolic markers of Wistar rats. Pharmacologia, 7(2-3):
125,-133.

Shanu, A., Groebler, L., Kim, H. B., Wood, S., Weekley, C .M., Aitken, J. B., Harris, H. H. and Witting, P. K.
(2013). Selenium inhibits renal oxidation and inflammation but not acute kidney injury in an animal model
of rhabdomyolysis. Antioxidants & Redox Signaling, 18(7):756-769.

Sharma, S., Kumari, A., Dhatwalia, J., Guleria, 1., Lal, S., Upadhyay, N., Kumar, V. and Kumar, A. (2021). Effect
of solvents extraction on phytochemical profile and biological activities of two Ocimum species: A
comparative study. Journal of Applied Research on Medicinal and Aromatic Plants, 25:100348.

Suleiman, M.S., Olajide, J.E., Omale, J.A., Abbah, O.C. and Ejembi, D.O. (2018). Proximate composition,
mineral and some vitamin contents of tiger nut (Cyperus esculentus). Clinical Investigation, 8(4): 161-
165.

Tavhare, S.D., Nishteswar, K. and Shukla, V.J. (2016). Effect of seasonal variations on the
phytoconstituents of A§vagandhaor to lunar cycles. Ancient Science of Life,35(3):150.

Thouri, A., Chahdoura, H., El Arem, A., OmriHichri, A., Ben Hassin, R. and Achour, L. (2017). Effect of solvents
extraction on phytochemical components and biological activities of Tunisian date seeds (var. Korkobbi
and Arechti) BMC complementary and alternative medicine, 17(1):10.

Trease and Evans (1999. Pharmacognosy, edited by Evan W.L. 14" ed.: W.B. Saunder Company Ltd. London.
109-334

Udefa, A. L., Amama, E.A., Archibong, E.A., Nwangwa, J.N., Adama, S., Inyang, V.U., Inyaka, G.U.U., Aju,
G.J., Okpa, S. and Inah, 1.0. (2020). Antioxidant, anti-inflammatory, and anti-apoptotic effects of hydro-
ethanolic extract of Cyperus esculentus L. (tiger nut) on lead acetate-induced testicular dysfunction in
Wistar rats. Biomedicine & Pharmacotherapy,129:110491.

Umukoro, S., Okoh, L., Igweze, S. C., Ajayi, A. M. and BenAzu, B. (2020). Protective effect of Cyperus
esculentus (tiger nut) extract against scopolamine-induced memory loss and oxidative stress in
mouse brain. Drug Metabolism and Personalized Therapy, 35(3): 20200112.

https://loganjournals.online Volume 11 Issue 3 19|Page




