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A B S T R A C T   

Plants possess compounds serving as reducing agents for green synthesis of gold nanoparticles 
(AuNPs), which is currently considered for biomedical application. Exposure to cadmium (Cd) can 
affect the functional integrity of the several organs such as kidney and liver. Nymphaea lotus (NL) is 
known for its several medicinal properties, including its protective role against tissue damages. This 
study investigated the bioactive compounds in NL using gas chromatography-mass spectroscopy (GC- 
MS) and ameliorative potential of its biosynthesized AuNPs (NL-AuNPs) against Cd-induced neph
rotoxicity in rats. The presence of bioactive compounds in N. lotus was investigated by GC-MS in 
aqueous extract of NL. Gold nanoparticles were synthesized using aqueous extract of NL. Thirty rats 
were grouped into six (n = 5). Group 1 served as control, while group 2, 3, 4 and 5 received CdCl2 
(10 mg/kg) orally for five days. Thereafter, groups 3, 4, and 5, respectively, received silymarin (75 
mg/kg), 5 and 10 mg/kg NL-AuNPs, orally for 14 days, while group 6 received 10 mg/kg NL-AuNPs 
only. Rats were sacrificed after treatment, and biochemical parameters and kidney histopathology 
were evaluated. Bioactive compounds of pharmacological importance identified include pyrogallol, 
oxacyclohexadecan-2-one, 22-Desoxycarpesterol, 7,22-Ergostadienol, β-sitosterol and Dihydro- 
β-agarofuran. Cadmium caused nephrotoxicity in rats, as evidenced by significant (p < 0.05) increase 
in the levels of kidney function markers (serum urea and creatinine) and inflammatory markers 
(Interleukin-6 (IL-6) and Nuclear Factor-κB (NF-κB)) when compared with control. These changes 
were significantly (p < 0.05) ameliorated by the spherically-synthesized NL-AuNPs (25–30 nm) with 
the 5 mg/kg NL-AuNPs more potent against kidney damage induced by Cd in rats but high doses of 
NL-AuNPs (≥10 mg/kg) could be suggested toxic. NL possess phytochemicals capable of reducing 
gold salts to nanoparticle form, and doses up to 5 mg/kg could be considered safe for the treatment 
of renal damage occasioned by cadmium.  
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1. Introduction 

Nymphaea lotus, also known as Egyptian white lily, is an aquatic herbaceous plant that belongs to the family of Nymphaeaceae. It 
grows in Asia and some African countries, and it is used to treat various kinds of ailments in Northern and Western Nigeria [1,2]. It is 
used locally in the treatment of several diseases such as kidney and bronchial dysfunctions, tumors, bowel complaints, gonorrhea, 
polyuria and inflammations. It was also reported to possess several medicinal properties including antibacterial, antidiabetic, anti
genotoxic, antioxidant anti-inflammatory and antitumour properties [1–4], and ameliorative potential of its methanolic extract 
against carbon tetrachloride (CCl4)-induced hepatoxicity in experimental rats have been reported [5]. The major limitation to the use 
medicinal plants in the treatment of several ailments include non-specific doses and tissue specificity. 

The use of plant and plant products have been preferred in the synthesis of AuNPs due to numerous advantages including readily 
availability of plants, cost-effectiveness, less or no toxic effects, eco-friendliness, and biocompatibility. These characteristics, among 
others, have ensured AuNPs as the most widely studied metal nanomaterials for nanomedicine applications. In biological synthesis of 
AuNPs, many plants and plant products have been involved, acting as capping agaent and in reducing gold salt to its nanoparticle form 
[6]. These include aqueous extract of Hibiscus sabdariffa calyx [7], aqueous extract of Crassocephalum rubens leaf [8], leaf extracts of 
Annona muricata [9], and leaf extract of Dittrichia viscosa [10]. Several in vitro and in vivo studies have been reported on the biomedical 
applications of these plant-synthesized AuNPs [8,10–14]. Their use against various diseases caused by oxidative damage and 
inflammation, such as cancer, cardiovascular and neurological diseases have been documented [15]. Pharmacological relevance of the 
plant synthesized AuNPs could be linked to several inherent phytochemicals in plant and the AuNPs to afford specificity to damaged 
tissues [16]. 

Cadmium (Cd) toxicity cases have been reported around the world as one of the several health problems that disrupt the normal 
physiological activities of most organs, leading to death in some cases [17]. It is considered a potential human toxic agent which 
accumulates in body organs, most especially the kidney and liver (major target organs), and accumulation in the kidney could result in 
dysfunction of the renal proximal tubule [18,19]. Chronic human exposure from indirect (Cd-contaminated food and industrial waste) 
and direct (active inhalation of tobacco smoke) sources can exert the generation of reactive oxygen species (ROS) and results in 
oxidative damage to DNA, lipids, and proteins, and ultimately a decline in the functional integrity of the kidney [19]. Exposure to Cd 
through agricultural and industrial products, and its unnoticed accumulation over a long period still creates a paucity in health [20, 
21]. To afford specificity and high therapeutic load at damaged site, aqueous extract of N. lotus was used in the synthesis of AuNPs 
(NL-AuNPs), and these were used against Cd-induced kidney damage in rats. 

2. Materials and methods 

2.1. Chemicals and reagents 

Gold (III) chloride trihydrate (HAuCl4⋅3H2O) and cadmium chloride were purchased from Sigma-Aldrich, USA. Renal biomarker 
(urea and creatinine) kits were obtained from Randox Laboratories Ltd. (Crumlin, Co., Antrim, UK). Silymarin (Silybon) was purchased 
from Micro Labs Limited (Bengaluru, India. All reagents were of analytical grade. 

2.2. Plant material and extraction 

N. lotus leaves were obtained and authenticated at the Forestry and Research Institute of Nigeria, Ibadan, where a sample potion 
was deposited at the Institute’s herbarium with a voucher number: FHI 112980. The plant leaves were washed and air-dried for a 
period of 14 days. The dried leaves were ground into powder using an electric blender. Aqueous extraction was done by boiling the leaf 
powder in distilled water at 80 ◦C for 45 min. The resultant mixture was filtered, and was concentrated by drying using water bath at 
45 ◦C. 

2.3. Identification of bioactive compounds in aqueous extract of N. lotus using gas chromatography-mass spectroscopy 

The GC-MS analysis of aqueous extract of NL leaves was done using the Shimadzu GC-MS-QP2010 SE (Japan), at 250 ◦C. The split 
ratio was 10.1, and the carrier gas was nitrogen at an inlet temperature of 250 ◦C, with a column flow of 3.22 mL/min. The initial 
column temperature was 60 ◦C/min, and then increased linearly at 15 ◦C/min to 120 ◦C, held for 2 min followed by linear increased 
temperature 14 ◦C/min to 300 ◦C for 4 min. The temperature of the injection port was 250 ◦C and the GC-MS interface was maintained 
at 250 ◦C. The sample was introduced via an all-glass injector working in the split mode, with helium carrier gas rate of 3.22 mL/min. 
The identification of compounds was accomplished by comparison of retention time, peak area percentage and fragmentation pattern, 
as well as with mass spectra of the GC-MS. Confirmation of phytochemicals present in N. lotus was done by GC-MS with an inbuilt 
library (NIST11. lib and WILEY). 

2.4. Synthesis of AuNPs using aqueous extract of N. lotus leaf 

The N. lotus-synthesized AuNPs was performed by a method of Geraldes et al. [22], with some modifications. Aqueous leaf extract 
(100 mg/mL) was added to 1 mM HAuCl4⋅3H2O solution in ratio 1:19, respectively, on a magnetic stirrer at 50 ◦C. The reaction mixture 
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was stirred continuously and notable changes were recorded at successive period of times until there was a colour change to 
purple-red. Then, the resultant mixture was centrifuged at 12,000×g for 30 min, and washed twice to remove unconjugated plant 
extract. The resulting pellet (NL-AuNPs) was air-dried to powdery form for further analyses. 

2.4.1. Characterization of N. lotus-synthesized gold nanoparticles 
The AuNPs formed were characterized by ultraviolet–visible (UV–Vis) spectroscopy (6715, Jenway) with a range of 300–700 nm to 

determine the stability and wavelength of the AuNPs, energy-dispersive x-ray spectroscopy (EDX) was performed to investigate the 
presence of elemental gold, while the transmission electron microscopy (TEM, Fischione’s Model 1040 NanoMill) was performed to 
determine the shape and size of the nanoparticles. 

2.5. Experimental animals and grouping 

Thirty (30) Wistar rats (Rattus norvegicus), aged 10–12 weeks weighing betwwen 160–200 g, were purchased from Veterinary 
Anatomy animal house, University of Ibadan, Ibadan, and were acclimatized for 14 days at 23 ± 3 ◦C, with a 12 h light/dark cycle, 
prior to the start of the experiment. Rats were fed with pelletized food and drinking water throughout the period of the study. 
Guidelines for Care and Use of Laboratory Animals according to EU Directive 2010/63/EU for animal experiments were adopted in this 
study, and the animal experiment was approved by the animal research ethics committee of College of Sciences, Afe Babalola Uni
versity, Ado-Ekiti, Nigeria with ethical number: ABUAD/SCI19/015. 

The animals were randomly grouped into six with five rats in each. Group 1 served as control, and received only distilled water 
throughout the period of the experiment. Cadmium chloride (10 mg/kg, source of cadmium toxicity) was administered intraperito
neally for five days (once daily), to induce kidney toxicity to animals in groups 2, 3, 4, and 5. Animals in group 3 were treated orally 
with silymarin (75 mg/kg, as standard), while groups 4, 5, and 6 rats were treated orally with 5 mg/kg NL-AuNPs, 10 mg/kg NL- 
AuNPs, and 10 mg/kg NL-AuNPs only, respectively. All treatments were orally administered to rats daily for 2 weeks after the last 
dose of the toxicant. 

2.5.1. Collection of blood and tissue 
Rats were fasted overnight after the last treatment, and were sacrificed via mild exposure to diethyl ether. After loss of sensory, 

blood was collected via cardiac puncture, was allowed to clot and centrifuged at 3000×g for 10 min to obtain serum. The kidney was 
quickly removed and washed in ice cold physiological saline to remove blood stains, and were dried using filter paper and weighed. 
The kidney was homogenized in 0.1 M phosphate buffer at pH 7.4 and centrifuged at 15,000×g for 15 min, and the resulting su
pernatant was used for subsequent biochemical assays. 

2.5.2. Biochemical analysis 
Serum levels of urea and creatinine were determined using the protocols of Randox Laboratories test kits (Crumlin, United 

Kingdom). An index of lipid peroxidation, malondialdehyde (MDA) level in the kidney was estimated according to the method of 
Varshney and Kale [23] and kidney superoxide dismutase (SOD) level was measured following a protocol by Misra and Fridovich [24], 
with some modifications. Levels of MDA and SOD in the kidney tissue were expressed as nM/g protein tissue and U/g protein tissue, 
respectively. 

2.5.3. Inflammatory assays 
The presence of Interleukin-6 (IL-6) and Nuclear Factor-κB p65 (NF-κB p65) in the kidney was performed using the Sandwich-ELISA 

principle of IL-6 and NF-κB p65 ELISA kits as described by Engvall and Perlmann [25]. 

2.5.4. Histology of the kidney 
Small pieces of kidney tissues from different groups were cut and fixed in 10% formalin for histopathological analysis. The tissues 

were dehydrated in graded alcohol and embedded in paraffin. Sections of kidney tissue were mounted on glass slides and were stained 
with haematoxylin and eosin. Slides were coded and examined under a light microscope by a histopathologist who was ignorant of the 
treatment groups. 

2.6. Statistical analysis 

Results were expressed as the mean ± SD (n = 5). Data was analyzed using one-way analysis of variance (ANOVA), and where 
applicable, intergroup comparison was performed using Tukey’s test on GraphPad (Version 5.0). Values were considered statistically 
significant at p < 0.05. 

3. Results 

3.1. GC-MS analysis of aqueous extact of N. lotus 

GC-MS analysis of aqueous extact of N. lotus revealed forty-eight compounds (Table 1) with pyrogallol (15.48%) being the most 
abundance, followed by oxacyclohexadecan-2-one (10.77%), 22-Desoxycarpesterol (8.35%), 7,22-Ergostadienol (5.89%), β-sitosterol 
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(3.32%, 2.93%, 2% and 1.68%) and Dihydro-β-agarofuran (4.71%) among others. 

3.2. Biofunctionalization and characterization of AuNPs using N. lotus leaf extract 

A colour change to purple-red was observed within 20 min following the addition of the N. lotus extract to aqueous HAuCl4 solution 
(Fig. 1A), indicating the formation of AuNPs (Fig. 1B). The UV–Vis spectroscopy of the synthesized NL-AuNPs reveled an intense peak 
at 541 nm. The elemental composition of synthesized AuNPs was determined by EDX spectroscopic analysis. The spectrum indicates 
the presence of gold metal, which constituted the highest percentage of the total composition percentage amidst other elements 
(Fig. 2A). The size and shape of the synthesized AuNPs were observed by TEM (Fig. 2B). The synthesized AuNPs were mostly spherical, 
and had a size range of 25–30 nm as observed from the TEM image. 

Table 1 
Compounds identified in aqueous extract of Nymphaea lotus by GC–MS.  

Peak 
No. 

Retention time 
(min) 

Compound name Molecular 
Formula 

Molecular 
Weight 

Area 
% 

1 5.108 2,3-Butanediol C4H10O2 90 2.57 
2 5.300 S-[2-Aminoethyl]-DL-cysteine C5H12N2O2S 164 0.39 
3 5.514 2,3-Dihydro-4H-pyran C5H8O 84 0.77 
4 5.936 Threitol C4H10O4 122 2.12 
5 6.070 Erythritol C4H10O4 122 2.19 
6 6.357 Glycerin C3H8O3 92 1.86 
7 6.453 Glycerin C3H8O3 92 3.00 
8 6.674 3-(Hydroxymethyl)-2-butanone C5H10O2 102 1.27 
9 7.197 Dimethylethyleneurea C5H10N2O 114 0.85 
10 7.653 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one C6H8O4 144 0.71 
11 7.954 2-[Acetyl (benzoyl)amino]-2-deoxyhexopyranose C15H19NO7 325 0.34 
12 8.293 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose C6H8O4 144 0.15 
13 8.383 Catechol C6H6O2 110 0.72 
14 8.553 Coumaran C8H8O 120 0.18 
15 9.793 2-Methoxy-4-vinylphenol C9H10O2 150 0.37 
16 10.167 Tetrahydroactinidiolide C11H18O2 182 0.06 
17 10.859 Pyrogallol C6H6O3 126 15.48 
18 12.866 Pentanoic acid, 5-cyclopropylidene-, ethyl ester C10H16O2 168 0.17 
19 14.367 6-Methyl-cyclodec-5-enol C11H20O 168 0.32 
20 14.574 1-Heptadec-1-ynyl-cyclopentanol C22H40O 320 0.18 
21 14.652 2,6,8-Trimethylbicyclo [4.2.0]oct-2-ene-1,8-diol C11H18O2 182 0.51 
22 15.260 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296 0.42 
23 15.474 cis-Z-α-Bisabolene epoxide C15H24O 220 0.14 
24 15.581 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 296 0.15 
25 16.056 Eicosanoic acid C20H40O2 312 0.55 
26 16.261 β-Sitosterol C29H50O 414 1.68 
27 16.443 β -Sitosterol C29H50O 414 2.93 
28 16.560 β -Sitosterol C29H50O 414 2.00 
29 16.804 β -Sitosterol C29H50O 414 3.32 
30 16.984 3-Methyl-2-(2-methylene-cyclohexyl)-butan-2-ol C12H22O 182 0.16 
31 17.186 5,12-Dihydroxyergost-25 (27)-ene-3,6-dione C28H44O4 444 0.55 
32 18.499 22-Desoxycarpesterol C37H54O3 546 8.35 
33 18.903 7,22-Ergostadienol C28H46O 398 5.89 
34 19.136 1,1,6-trimethyl-3-methylene-2-(3,6,9,13-tetramethyl-6- ethenye-10,14- 

dimethylene-pentadec-4-enyl)cyclohexane 
C33H56 452 4.60 

35 19.233 Viridiflorol C15H26O 222 2.57 
36 19.426 cis-5,8,11-Eicosatrienoic acid, trimethylsilyl ester C23H42O2Si 378 1.31 
37 19.664 Shyobunone C15H24O 220 1.72 
38 19.819 2-Myristynoic acid C14H24O2 224 1.72 
39 19.918 Widdrol C15H26O 222 1.90 
40 20.124 cis-5,8,11-Eicosatrienoic acid, trimethylsilyl ester C23H42O2Si 378 0.55 
41 20.336 4-(2,2-Dimethyl-6-methylenecyclohexyl)butanal C13H22O 194 0.69 
42 20.450 α-Glyceryl linolenate C21H36O4 352 0.60 
43 21.014 15-Chloro-13-oxabicyclo [9.3.1]pentadecane C14H25ClO 244 2.99 
44 21.853 Oxacyclohexadecan-2-one C15H28O2 240 10.77 
45 22.037 Patchouli alcohol C15H26O 222 2.23 
46 22.233 15-Chloro-13-oxabicyclo [9.3.1]pentadecane C14H25ClO 244 1.73 
47 22.434 15-Chloro-13-oxabicyclo [9.3.1]pentadecane C14H25ClO 244 1.55 
48 23.094 Dihydro-β-agarofuran C15H26O 222 4.71  
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3.3. Effect of kidney function markers 

The effect of NL-AuNPs on kidney function markers in rats intoxicated with kidney damage is presented in Fig. 3 (A and B). 
Exposure of rats to Cd caused a significant increase in the levels of serum urea and creatinine when compared to the control groups. 
Treatment of Cd administered rats with 5 mg/kg NL-AuNPs caused a significant decrease in the level of serum urea when compared 
with the untreated Cd intoxicated rat. A significant increase in the level of serum urea was noted when rats treated with 10 mg/kg NL- 
AuNPs only was compared with the control. Also, a significant (p < 0.05) reduction and non-significant reduction in the level of 
creatinine were noted with 5 and 10 mg/kg, respectively, when compared with the Cd intoxicated rats. A non-significant difference 
was noted in group treated with 10 mg/kg NL-AuNPs only when compared with the control. 

Values are expressed as Mean ± SD, n = 5. ap < 0.05 when compared with the control; bp < 0.05 when compared with the Cd only 
group; cp < 0.05 when compared with Cd + 5 mg/kg NL-AuNPs. Cd: cadmium; NL-AuNPs: N. lotus-synthesized gold nanoparticles. 

Fig. 1. Observed colour change during the biosynthesis of AuNPs using Nymphaea lotus. The HAuCl4 solution before the addition of N. lotus (A), the 
formation of NL-AuNPs after the addition of N. lotus to the HAuCl4 solution (B). 

Fig. 2. EDX spectrum showing the elemental composition, with Au having the highest % (A) and transmission electron microscopic images indi
cating the size and shape (B) of N. lotus-synthesized AuNPs. Most of the nanoparticles produced were spherical in shape. 
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3.4. Effect of NL-AuNPs on kidney malondialdehyde level 

The effect of NL-AuNPs on kidney MDA level in Cd-induced kidney damage rats is shown in Fig. 4. A significant increase (p < 0.05) 
in MDA level was noted in rats administered with Cd only when compared with the control group. Treatment of Cd administered rats 
with 5 mg/kg NL-AuNPs caused a significant decrease (p < 0.05) in MDA level when compared with the Cd only treated rats. However, 
treatment of Cd intoxicated rats with 10 mg/kg NL. AuNPs resulted in non significant difference in MDA level when compared with the 
untreated Cd intoxicated rats. Rats treated with 10 mg/kg NL-AuNPs only caused a significant increase in MDA level when compared 
with the control group. 

Values are expressed as Mean ± SD, n = 5. ap < 0.05 when compared with the control group; bp < 0.05 when compared with the Cd 
only group; cp < 0.05 when compared with the Cd + 5 mg/kg NL-AuNPs. Cd: cadmium; NL-AuNPs: N. lotus-synthesized gold 

Fig. 3. Effect of N. lotus-synthesized AuNPs on the levels of serum urea (A) and creatinine (B) on cadmium-induced kidney damage in rats. NL- 
AuNPs (mostly at 5 mg/kg) significantly reduced the increased kidney function markers caused by cadmium exposure. 

Fig. 4. Effect of NL-AuNPs on the level of kidney malondialdehyde on cadmium-induced renal toxicity in rats. NL-AuNPs (5 mg/kg) significantly 
reduced the increased kidney MDA caused by cadmium. 
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nanoparticles. 

3.5. Effect of NL-AuNPs on kidney inteleukin-6 level 

The presence of IL-6 in the kidney of rats administered with Cd is presented in Fig. 5. The IL-6 level of rats administered with Cd 
only was significantly (p < 0.05) different when compared with the control. Cadmium intoxicated rats treated with silymarin, and both 
doses of NL-AuNPs resulted in a significant (p < 0.05) decrease in the level of IL-6 levels when compared with untreated Cd intoxicated 
group. A significant (p < 0.05) increase in the level of IL-6 was noted in 10 mg/kg NL-AuNPs only when compared with the control 
group. 

Values are expressed as Mean ± SD, n = 5. ap < 0.05 when compared with the control group; bp < 0.05 when compared with the Cd 
only group. Cd: cadmium; NL-AuNPs: N. lotus-synthesized gold nanoparticles. 

3.6. Effect of NL-AuNPs on kidney NF-κB level 

The presence of NF-κB in the kidney of rats administered with Cd is presented in Fig. 6. Administration of Cd to rats resulted in a 
significant (p < 0.05) increase in the level of NF-κB when compared with the control. However, treatment of the Cd-intoxicated rats 
with silymarin and 5 mg/kg NL-AuNPs resulted in a significant (p < 0.05) decrease in the level of NF-κB when compared with un
treated Cd intoxicated rats. A significant difference (p < 0.05) was noted in NF-κB level in intoxicated rats treated with the two doses of 
NL-AuNPs. A non-significant increase was noted in the level of NF-κB in rats treated with only 10 mg/kg NL-AuNPs when compared 
with the control. 

Values are expressed as Mean ± SD, n = 5. ap < 0.05 when compared with the control group; bp < 0.05 when compared with the Cd 
only group; cp < 0.05 when compared with the Cd + 5 mg/kg NL-AuNPs. Cd: cadmium; NL-AuNPs: N. lotus-synthesized gold 
nanoparticles. 

3.7. Kidney histology 

Histology of the kidney is shown in Fig. 7(1–6). Kidney sections of rats in control revealed normal tuft of glomerulus (G), urinary 
space (black arrow head), distal convoluted tubules (yellow arrow head), proximal convoluted tubules (green arrow head) (Fig. 7(1)). 
In Cd only group, kidney shows shrunken and degeneration of glomeruli, and urinary space, necrotic and disruption of the renal tubule 
cells (yellow and green arrow head) (Fig. 7(2)), while rat in Cd + 75 mg/kg silymarin shows a normal tuft of glomerulus (G), urinary 
space (black arrow head), distal convoluted tubules (yellow arrow head), proximal convoluted tubules (green arrow head) (Fig. 7(3)). 
Group treated with Cd + 5 mg/kg NL-AuNPs revealed improvement of glomerular tuft, recovery of some renal tubules (Fig. 7(4)), 
while Cd + 10 mg/kg NL-AuNPs group revealed disrupted renal tubules (Fig. 7(5)), and group treated with 10 mg/kg NL-AuNPs only 
shows enlarged urinary space and disrupted glomerulus (Fig. 7(6)). 

G – glomerulus; black arrow head – urinary space; yellow arrow head – distal convoluted tubules; green arrow head – proximal 
convoluted tubules. 

Fig. 5. Effect of NL-AuNP on IL-6 level in kidney tissue of rats administered with cadmium chloride. NL-AuNPs (at both doses tested) significantly 
reduced the increased presence of IL-6 caused by cadmium exposure. 
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4. Discussion 

This study was aimed at investigating the ameliorative potential of NL-synthesized AuNPs on Cd-induced kidney damage in rats. 
The plant’s phytochemical components were evaluated using GC-MS. Kameni et al. [26] qualitatively analyzed the phytochemical 
components of N. lotus aqueous flower extract and discovered the presence of flavonoids, tannins, saponins, alkaloids, phenolic 
compounds, glycosides, and cardiac glycosides. In this study, the chromatogram of aqueous extract of NL leaf showed 48 peaks and 
indicated the presence of nine major compounds, which are of pharmacological importance. For example, the most abundant com
pound in aqueous extract of NL is pyrogallol, a polyphenol, that has been reported to possess antimicrobial and antioxidant properties, 

Fig. 6. Effect of NL-AuNP on NF-κB level in kidney tissue of rats administered with cadmium chloride. NL-AuNPs (mostly at 5 mg/kg) significantly 
reduced the increased presence of kidney NF-κB caused by cadmium exposure. 

Fig. 7. Photomicrograph of kidney section of rats treated with cadmium for 5 days and NL-AuNPs for 14 days. 1: Control; 2: 10 mg/kg CdCl2 only; 3: 
10 mg/kg CdCl2 + 75 mg/kg Silymarin; 4: 10 mg/kg CdCl2 + 5 mg/kg N. lotus-AuNPs; 5: 10 mg/kg CdCl2 + 10 mg/kg N. lotus-AuNPs; 6: 10 mg/kg 
N. lotus-AuNPs only. 

V.A. Adebayo et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e17124

9

and it has reportedly been used as a nanocoating in endosseous implant applications [27]. This compound also functions as 
anti-inflammatory, anti-cancer and anti-proliferative agent [28]. Other compounds, mostly phytosterols (β-sitosterol, 7,22-Ergostadie
nol and 22-Desoxycarpesterol), are also present in aqueous extract of N. lotus. Phytosterols are sterols present in plants [29], and are 
known for their pharmacological importance such as their role as antioxidant, anti-atherosclerotic, anti-diabetic, anti-inflammatory, 
anti-cancer, and cardioprotective agents [30]. β-Sitosterol is a polysterol found richly in nuts, seeds, fruits and vegetables, and various 
studies have shown that β-sitosterol has anti-diabetic, immunomodulatory, antioxidant, anticancer, anti-inflammatory, and hep
atoprotective properties [31,32]. Many of these compounds serve as reducing agents, which could be responsible for the reduction of 
gold salt to AuNPs, and these compounds could ensure the medicinal importance of N. lotus. 

The characteristic colour change that occurred in the reaction between gold solution and aqueous extract of NL is an indication of 
the synthesis of AuNPs, which may be due to increase in nanoparticle size, reduction reaction and surface plasmon resonance [14]. The 
AuNPs synthesis was established by UV–Vis spectroscopy with an intense peak at 541 nm, which falls within the range of syntheisized 
AuNPs [6,11,33,34]. The EDX spectroscopy revealed the presence high % weight of Au (65.30%) with other elements in the following 
other: O > Ni > Zn > Si > Cu > C > Na > K. The presence of elemental oxygen in the EDX spectrum could be as a result of the in
termediate molecules necessary for the bonds and stability of the AuNPs synthesized, while the prsence of other elements could be from 
the plant extract. The size and shape of the NL-AuNPs were revealed by the TEM images. The size and shape (mostly spherical) 
conforms with those reported previously [35]. The small size of AuNPs (as noted in this study) allows penetration through biological or 
cellular barriers, thereby enabling enhanced permeability and retention effect on diseased tissues [12,36]. 

Serum levels of urea and creatinine are generally known as major indicators of kidney functionality, and significant elevation in the 
levels of these parameters on exposure to Cd has been reported [16,37], indicating injury to the renal tubules [38]. Increased levels of 
serum urea and creatinine following an exposure of rats to Cd was lowered by NL-AuNPs (5 mg/kg) but not with the 10 mg/kg. This 
could indicate that the 10 mg/kg NL-AuNPs was not as active as the 5 m/kg NL-AuNPs. In a sub-acute toxicity study, aqueous extract of 
Nymphaea lotus at high doses (50, 100 and 200 mg/kg) have been reported increased level of creatinine when compared with the 
control [2], which suggested possible nephrotoxicity. This supports the role of AuNPs in drug delivery to diseased sites. 

The MDA (an index of lipid peroxidation) results showed that CdCl2 significantly increased MDA level when compared with the 
control group, which in line with previous studies [39–41]. However, treatment with NL-AuNPs reversed the peroxidation of lipid in a 
dose dependent manner as only 5 mg/kg NL-AuNPs showed more potency when compared with the 10 mg/kg dose. The significant 
difference noted with the administration of 10 mg/kg NL-AuNPs only when compared with the control could indicate the possible 
nephrotoxic effect of the nanoparticles at higher doses. 

Inflammation is an important pathogenic event associated with the toxicity of Cd [42], and increase in IL-6 and NF-κB has been 
associated with Cd exposure in rats [43–45]. The increased level of IL-6 noted in this study was significantly reduced (p < 0.05) by 
silymarin and both doses of NL-AuNPs. Significant elevation in the level of IL-6 in rats administered with 10 mg/kg NL-AuNPs in 
comparison with the control is an indication of possible induction of inflammation by high doses of NL-AuNPs. This supports a previous 
report that dose is an important factor to be considered in the use of AuNPs for biomedical applications [46]. Also, increased presence 
of NF-κB in the rats’ kidney upon in CdCl2 exposure was significantly reversed by silymarin and 5 mg/kg NL-AuNPs but 
non-significantly with 10 mg/kg NL-AuNPs. This supports the dose-dependent ameliorative potential of NL-AuNPs earlier stated. 
Reduction in the levels of these inflammatory markers (IL-6 and NF-κB) upon treatment of rats with NL-AuNPs (mostly at 5 mg/kg) 
supports the anti-inflammatory potential of AuNPs against acute kidney damage [47]. Histopathological analysis of kidney was in line 
with the various biochemical parameters examined. 

5. Conclusions 

It can therefore be concluded that major compounds present in N. lotus has medicinal properties, and that these compounds have 
the ability to reduce gold salt to AuNPs. Ameliorative potential against kidney damage occasioned by Cd was in a dose-dependent 
manner with 5 mg/kg NL-AuNPs more potent. The 10 mg/kg NL-AuNPs could be suggested not potent to reverse Cd-induced neph
rotoxicity, and high doses of NL-AuNPs can be suggested toxic to the kidney. Further studies are underway to investigate the toxicity 
profile of the NL-AuNPs in vivo. 
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