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Abstract: The aim of this study was to evaluate the protective activity of rutin, and its gold nanoparticles (Ru-AuNPs) in 
rhabdomyolysis-induced acute kidney injury (AKI) model in mice. Rutin (25 and 50 mg/kg) and Ru-AuNPs (15 and 25 
mg/kg) were administered to the animals for four (4) days with water deprivation for 24 hours followed by 50% glycerol 
injection at the dose of 10 ml/kg intramuscularly. On the next day, animals were dissected and blood and kidneys were 
collected. Biochemical investigations were performed to evaluate kidney functions, histological studies were carried out 
to see the changes at tissue level and real-time RT-PCR studies for nuclear factor-κB p50, NFκB; inducible nitric oxide 
synthase, iNOS; heme oxygenase-1, HO-1; interleukin-6, IL-6; and kidney injury molecule-1, Kim-1 were performed to 
elucidate the molecular mechanisms. Blood urea and creatinine were found to be decreased in animals treated with rutin 
and Ru-AuNPs. Down regulation of the mRNA expressions of iNOS, IL-6 and NFkB p50 and up-regulation of Kim-1 
and HO-1 genes were observed. The efficacy of Ru-AuNPs was better than rutin alone even at a dose far less than the 
compound.  Rutin and Ru-AuNPs alleviates kidney injury and inflammation in rhabdomyolysis-induced AKI model via 
anti-inflammatory and anti-oxidant pathways which make it a plausible compound for future studies.  
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INTRODUCTION 
 
Acute kidney injury (AKI) has the highest fatality rates of 
any diseases around the globe. It can be caused by 
ischemia, drugs, inflammation, or renal obstruction 
(Makris and Spanou, 2016). Rhabdomyolysis is one of the 
significant root of AKI, which has the 50% prevalence 
rate among all cases of AKI and has 5-10% mortality rate 
which has not changed for many years (Petejova et al., 
2018). In rhabdomyolysis, free hemoglobin and 
myoglobin are accumulated in the kidneys where it 
induces lipid peroxidation of renal proximal tubular cells 
leading to inflammatory cascades activation (Manis et al., 
2019). Currently, specific treatment of AKI is available 
except for supportive therapy or kidney transplant if 
kidney function is completely lost (Kher et al., 2017). 
Recent scientific studies, however, has found several 
compounds and extracts such as diacerein (Abd-Ellatif et 
al., 2019), N-acetylcysteine (Cui et al., 2019), L-carnitine 
(Gao et al., 2017), suramin (El-Kordy, 2019) and ascorbic 
acid (Ozturk et al., 2017; Li et al., 2011) that may aid in 
potential clinical trials to treat AKI. There is still a great 
need to explore new therapeutic compounds for the 
prevention of kidney injury. 
 
A murine model of AKI caused by rhabdomyolysis is 
created by intra-muscular administration of 50% glycerol 

that massively damages skeletal muscles. As a result, free 
myoglobin circulates in the blood and deposited in the 
kidney where it causes renal obstruction, oxidative 
damage, inflammation and necrosis which in turns lead to 
AKI (Korrapati et al., 2012). NF-κB, IL-6 and iNOS play 
a key role in inflammatory and oxidative injury process 
activation by triggering the expression of multiple genes 
of inflammation (Liu et al., 2017). In addition, Kim-1 and 
HO-1 mediate the defense mechanisms of tubular damage 
and in response to injury the expression level of these 
proteins are elevated (Zhang and Cai, 2016; Lever et al., 
2016). 
 
Rutin is a flavonol glycoside comprised of quercetin and 
the disaccharide rutinose (Sharma et al., 2013). Rutin is 
found in dietary compounds, such as buckwheat, tomato, 
citrus fruits and apples (Khajuria et al., 2019). Studies 
have demonstrated effective anti-oxidative, anti-allergic, 
anti-inflammatory and anti-tumor properties for rutin 
(Rodríguez-García et al., 2019). Since, it has both the 
anti-oxidant and anti-inflammatory properties, it was 
hypothesized that this compound may protect the 
rhabdomyolyisis-induced AKI.            
                       
In this study, rutin-conjugated gold nanoparticles (Ru-
AuNPs) was also synthesized and used at a relatively 
lesser dose in comparison with the rutin alone. This nano-
formulation has the advantages of site-specific drug 
delivery, improved bioavailability and fewer side effects *Corresponding author: e-mail: rehan.siddiqui@zu.edu.pk 
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(Patra et al., 2018). Therefore, it was also hypothesized 
that the results of nano-formulation may be better than the 
compound alone at low dose which may decrease the risk 
of side effects.  
 
MATERIALS AND METHODS 
 
Materials and instruments used for the synthesis of Ru-
AuNPs 
Tetrachloroauric (III) acid trihydrate (99%), rutin 
trihydrate (94%) and sodium hydroxide (98%) was 
acquired from Sigma Aldrich. Deionized water was 
utilized for making all solutions. Shimadzu double beam 
UV-1800 spectrophotometer having a path length of 1 cm 
was used for the UV-Visible spectroscopic analysis. 
Bruker vector 22 FT-IR spectrometer was used to obtain 
fourier transform infrared (FT-IR) spectrum by using KBr 
disk method at room temperature between the range of 
4000-400 cm-1. Atomic Force Microscope Agilent 5500 
was used for the morphological analysis of nanoparticles. 
Zetasizer Nano ZSP (Malvern) was used to obtain the 
average particles size and zeta potential of the samples.  
 
Synthesis of rutin coated gold nanoparticles 
Rutin coated gold nanoparticles were synthesized using 
reported method with slight modification (Gul et al., 
2018). Briefly, Rutin solution (2mg/mL) was prepared in 
deionized water followed by addition of 50µL of 1 M 
NaOH. Aqueous gold solution (1mL, 0.5mM) was added 
dropwise in to the solution of rutin (1mL, 2mg/mL) and 
magnetically stirred (200 rpm) for 10 minutes at room 
temperature. When color of the solution changed from 
yellow to orange, gold solution (1mL, 0.5mM) was added 
and the color of the solution turned deep red indicating 
the formation of Ru-AuNPs which was confirmed by UV-
visible spectroscopy. Ru-AuNPs were subjected to 
characterization techniques including FTIR, AFM and 
DLS for the evaluation of particles size and 
morphological analysis. 
 
Animals  
International guidelines (Institute of Laboratory Animal 
Resources, US, 1989) and institutional protocols approved 
by Animal Ethics Committee of Ziauddin University 
(Approval Protocol No. 2018-002) were implemented 
during the conduct of the experiments. Male BALB/c 
mice (average weight 20-30 gm) were acquired from the 
International Center for Chemical and Biological 
Sciences, University of Karachi. In their standard cages, 
animals were kept at 22-23°C with a 12-h light-dark cycle 
and given free access to rodent chow and water.  Before 
the initiation of the experiment, the animals were 
habituated with the atmosphere and the experimenter. 
 
Treatment regime 
Forty two (42) animals were divided into 7 groups i.e., 
vehicle control (GP 1), AKI group (GP 2), AKI + rutin 25 

mg/kg (GP 3), AKI + rutin 50 mg/kg (GP 4), AKI + Ru-
AuNPs 15 mg/kg (GP 5), AKI + Ru-AuNPs 25mg (GP 6), 
AKI + ascorbic acid 200 mg/kg (GP 7). Animals in GP 1 
and GP 2 received normal saline for 4 days while animals 
in GP 3, and GP 4 were retreated with rutin 25 mg/kg and 
50 mg/kg intraperitoneally respectively, GP 5 and GP 6 
received R Au-NPs 15 mg/kg and 25 mg/kg; and GP 7 
acted as positive control which received ascorbic acid 200 
mg/kg. On the fourth day, animals of all group were 
water-deprived for 24 hours followed by intramuscular 
injection of 50% glycerol in the hind limbs at a dose of 10 
ml/kg b.w. except for GP 1, which was given normal 
saline. After 24 hours of glycerol administration, all 
animals were dissected humanly under general anesthesia 
for further experiments (Siddiqui et. al., 2019). 
 
Serum urea and creatinine analysis  
Blood sample was extracted by heart puncture and serum 
was separated. Serum creatinine and urea were analyzed 
by Microlab 300 (ELITech Group) to evaluate the kidney 
functions (Kadir et. al., 2020). 
 
Histopathological examination of kidney tissues   
Histological procedures were carried out following 
standard practice. The tissues were stained with Periodic 
Acid Schiff's (PAS) and hematoxylin and eosin (H&E) 
stain and morphological changes were analyzed using 
Nikon Ts2R-FL inverted microscope. Proximal tubular 
damage was calculated using Nikon NIS-Elements D 
software (Kadir et. al., 2020). 
 
Expression Analysis of NFkB p50, iNOS, Kim-1, IL-6 
and HO-1 using real-time RT-PCR 
Kidney tissues were homogenized and mRNA was 
isolated using TRIzol method (Life Technologies, USA). 
cDNA was synthesized using Revert-Aid first-strand 
cDNA synthesis kit  (Fermentas, USA). The primer 
sequence and protocols for real time RT-PCR studies 
were followed according the methods described by 
Siddiqui et al. (2019).  
 
STATISTICAL ANALYSIS  
 
Data was analyzed by SPSS version 21. All values are 
expressed as mean ± SEM. Inter group comparison was 
done using paired t-test followed by one way-ANOVA. p 
value <0.05 was considered statistically significant. 
 
RESULTS  
 
Characterization of rutin coated gold nanoparticles 
(Ru-AuPNs) 
Rutin-coated gold nanoparticles were synthesized by 
already reported method using slight modification 
described above. Upon the addition of HAuCl4 solution 
in to the solution of rutin with constant stirring, 
appearance of ruby red color indicated the formation of 
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Ru-AuNPs. Upon UV-Visible analysis, Ru-AuNPs 
exhibited the surface plasmon resonance (SPR) band at 
525 nm (Božanić et al., 2013) which is given in fig. 1 (A). 
 
Rutin is a plant based flavonoid and it has been reported 
that flavonoids stabilize gold nanoparticles by the 
interaction of hydroxyl (-OH) groups which stabilize gold 
ions (Biao et al., 2018). Fig. 1 (C) shows the synthesis of 
rutin coated gold nanoparticles. FT-IR spectroscopy was 
employed for the determination of electrostatic 
interactions of rutin with gold nanoparticles. FT-IR 
spectra of rutin (orange trace) and rutin coated gold 
nanoparticles (pink trace) are given in fig. 1 (B). Rutin 
spectrum showed characteristic absorption peaks of 

functional groups at 3424 cm-1, 2936 cm-1, 1655 cm-1, 
1600 cm-1, 1504 cm-1, 1362 cm-1 and 1063 cm-1. The 
broad stretching vibrational peak appearing at 3424 cm-1 
corresponds to the hydroxyl groups (–OH) present in rutin 
structure (fig. 1 (B), orange trace). The peaks at 2936 cm-
1 and 1655 cm-1 belongs to the stretching frequency of C-
H bond and carbonyl group (C=O). Peaks appearing at 
1600 cm-1, 1504 cm-1 and 1063 cm−1 are the absorption 
frequencies of (C=C) alkene, (C=C) aromatic and C-OH 
bonds. The FT-IR spectrum of Ru-AuNPs showed 
suppression and shifting of peaks as compared to the rutin 
spectrum. The major peaks appearing in the spectrum of 
Ru-AuNPs are at 3446 cm-1, 1647 cm-1, 1385 cm-1 and 
1068 cm-1 (fig. 1 (B),  pink trace).  The peak appearing at  

 
Fig. 1: A. UV-Visible spectrum of rutin coated gold nanoparticles (R-AuNPs). B FTIR analysis of rutin (orange trace) 
and rutin coated gold nanoparticles (pink trace). C Synthesis of rutin coated gold nanoparticles. 
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Fig. 2: (A) AFM images of rutin coated gold nanoparticles (a) 3D-height image and (b) average particle height 
distribution graph. (B) Average particle size distribution histogram of R-AuNPs (a) and zeta potential graph of R-
AuNPs (b) 

 
 

Fig. 3: Serum urea and creatinine levels following rutin and rutin-AuNPs treatment. The levels of serum urea and 
creatinine were markedly higher in the AKI group as compared to the normal. In comparison with the AKI group it was 
observed that treatment with rutin and Ru-AuNPs significantly reversed the increase in both biochemical levels. 
(*p<0.001) 
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Fig. 4: H&E stained images displaying renal cortex sections. (A) Shows normal kidney cortex. (B) Shows cortex of 
control AKI sections. (C&D) shows rutin 25 and 50 mg treated group and exhibit decrease in cast deposition and renal 
tubular damage. (E&F) show rutin-AuNPs 15 and 25 mg treated groups showing significant reduction in renal tubular 
injury. (G) Shows positive control treated with ascorbic acid 200 mg (Magnification; 400x). 

 
Fig. 5: Damaged area calculation for renal tubules. Marked increase in damaged area in section prepared from control 
AKI model. Comparing section from AKI control to the treated groups show marked decrease in damage in the treated 
groups which was maximum in the rutin Au-NPs at low dose (*p<0.001). 
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Fig. 6: PAS-stained photomicrograph showing renal cortex sections. (A) Intact kidney brush borders in renal tubules 
from normal group.  (B) Prominent damaged to brush borders of proximal tubules and the loop of Henle cell in AKI 
group. (C&D) sections from rutin 25 &50mg treated group show decrease in brush border damage. (E&F) rutin-AuNPs 
15 & 25 mg treated groups showing marked reduction in damage to brush border and LH cells. (G) ascorbic acid 200 
mg treated group (Magnification; 400x). 

 
Fig. 7: Effects of rutin and Ru-AuNPs on NF-κB, iNOS, HO-1, Kim-1 and IL-6 mRNA expressions. Rutin and rutin-
AuNPs attenuate mRNA expression of NF-κB (A), iNOS (B) and IL-6 (E) while it increases the mRNA expression of 
HO-1 (C) and Kim-1 (D) (*p<0.001). 
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3446 cm-1 is the characteristic stretching frequency of the 
hydroxyl groups (-OH) which is indicating the presence 
of hydrogen bonding in Ru-AuNPs. The suppression and 
broadening of peaks at 1647 cm-1 and 1068 cm-1 are 
indicating the interaction of carbonyl and hydroxyl groups 
with the gold nanoparticles surface which result in higher 
stability of Ru-AuNPs (Ateeq et al., 2015) 

 
AFM analysis was used for the morphological evaluation 
of the rutin coated gold nanoparticles as shown in fig. 2 
(A, a and b). Fig. 2 (A, a) represents the 3-dimentional 
height image of Ru-AuNPs. It is evident that 
nanoparticles have pointed shape and uniform height 
distribution in the range of 12-14nm. The average particle 
size distribution of rutin coated gold nanoparticles was 
determined by using zeta sizer analysis. Fig. 2 (B, a) 
shows the histogram of average particle size of Ru-
AuNPs, which are in the range of 20-65 nm. 
Polydispersity index (PDI) of Ru-AuNPs was found to be 
0.251, indicating the formation of nanoparticles having 
highly uniform size distribution. Zeta potential analysis 
was carried out for the evaluation of surface charges over 
R-AuNPs and its graph is given in fig. 2 (B, b). The graph 
indicated that the magnitude of surface charges over Ru-
AuNPs is -32.4 mV. The higher value of zeta potential of 
Ru-AuNPs, corresponds to higher stability and less 
aggregation of nanoparticles. 
 
Rutin and rutin-AuNPs reduce serum urea and 
creatinine level  
A notable rise was observed in serum levels of creatinine 
and urea of the AKI group compared to the normal 
control (p<0.001). However, rutin and Ru-AuNPs 
administration considerably lowered both parameters (p 
<0.001) in comparison with the AKI group (fig. 3). 
 
Rutin and Ru-AuNPs inhibit cast deposition and 
proximal tubular necrosis  
Fig. 4 shows classic kidney H&E staining. Noticeable 
necrosis and inflammation of proximal tubules were seen 
in the glycerol-treated animals along with protein casts 
deposition and damage to cells of LH. On the other hand, 
significant proximal tubular damage inhibition and 
reduced deposition of pathological protein casts in tubules 
were observed in animals pretreated with rutin (25 and 50 
mg/kg). Animals pretreated with rutin-AuNPs (15 and 25 
mg/kg) showed approximate complete protection against 
kidney injury. Measuring tubular damage revealed 44% 
damage in the AKI group as compared to the normal 
group (p<0.001). On the other hand, there was only 11% 
and 6% damage in kidneys pretreated with rutin 25 mg 
and 50 mg. This improvement in damage was further 
enhanced to 2% and 1% (p<0.001) with rutin AuNPs of 
15 mg and 25mg respectively. The positive control treated 
with Asc 200mg showed a damage of 8% (fig. 5).  
 

Rutin and Ru-AuNPs conserve brush borders of PCT 
and LH 
PAS stained kidney is shown in fig. 6. There is an almost 
complete destruction of the brush border in the AKI 
group, whereas the groups pretreated with rutin 25mg and 
50 mg show a decrease in damage to the brush borders. 
However, there was an almost complete restoration of the 
brush border in the groups pretreated with rutin-AuNPs 
15mg and 25mg. Both rutin and Ru-AuNPs were superior 
to ascorbic acid a known compound which only partially 
protected the renal tubule.  
 

Rutin and rutin-AuNPs down-regulate the mRNA 
expressions of iNOS, IL-6 and NFκB p50 genes, and 
upregulate HO-1 and Kim-1 
Fig. 7 shows the real-time RT-PCR data for iNOS, IL-6, 
NFkB p50, Kim-1 and HO-1. iNOS, IL-6 and NFkB p50 
fig 6 A, B &E were increased significantly in the glycerol 
treated group in comparison with the normal group (p 
<0.001). However, they were reduced in the rutin and Ru-
AuNPs treated groups (p<0.001). No notable change in 
the HO-1 and Kim-1 is observed in AKI group compared 
to the normal control however the expression increased 
exponentially in the rutin (p<0.001) and Ru-AuNPs 
(p<0.001) treated groups. 
 
DISCUSSION  
 
In the present study we evaluated the anti-inflammatory 
and anti-oxidative activities of rutin on rhabdomyolysis-
induced AKI. Many of the murine models researching 
AKI are based on nephrotoxic drug injection and/or 
administration, such as gentamicin, cisplatin etc. 
(Holditch et al., 2019; Medic et al., 2019). Nevertheless, 
none of these above mentioned animal models imitate the 
precise patho-morphology of AKI as occurring in 
rhabdomyolysis. The nearest mechanisms of AKI in 
animals can only be induced by glycerol. 
 
Glycerol essentially causes muscle damage due to release 
of myoglobin into the bloodstream which induces 
hemolysis, as a result of release of hemoglobin into the 
blood. Metallic catalytic iron center is present in both 
myoglobin and hemoglobin. When these heme containing 
proteins pass through the kidneys, the catalytic iron is the 
reason for lipid peroxidation of the kidney tubules with 
resultant oxidative stress, inflammation, cast formation 
and apoptosis causing tubular obstruction (Zorova et al., 
2016). Therefore, this murine model was selected to study 
the protective activity of rutin and Ru-AuNPs against 
AKI. 
 
The current study explicated the preventive effects of 
rutin and Ru-AuNPs and revealed that rhabdomyolysis-
induced AKI in mice was perfectly prevented by this 
compound. Rutin and Ru-AuNPs also prevented renal 
tubular damage and reduced the blood levels of creatinine 
and urea. 
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Drug delivery, bioavailability and adverse effects are 
important as well as limiting factors in medicine. Kidneys 
are the crucial part of the body for excretion and for this 
reason they are the main organ for drug toxicity (Faria et 
al., 2019). Incorporation of nanoparticles with different 
drug has the advantage of reducing the drawbacks of drug 
availability and adverse effects (Rizvi and Saleh, 2018). 
Therefore, we integrated rutin with its gold nanoparticles 
with added advantage of decrease dose of the required 
compound. We also explored the possible underlying 
mechanisms of tubular protection by rutin and its gold 
nanoparticles by iNOS, KIM-1, NF-κB p50, IL-6 and 
HO-1 in animal model of AKI.   
 
NF-κB is a pleiotropic protein with distinct features 
(Zhang et al., 2017). It plays a vital role in cell survival 
and cytokine production (Taniguchi and Karin, 2018). 
Primarily NF-κB controls the degree and duration of 
inflammatory reactions by several mechanisms (Liu et al., 
2017). The outcomes of this study manifest increased 
levels of NF-κB p50 in group treated with glycerol in 
comparison with the normal control. However, rutin and 
Ru-AuNPs greatly down-regulated the mRNA expression 
of NF-κB p50. NF-κB triggers the iNOS gene expression 
which is responsible for induction of inflammation (Jiang 
et al., 2018; Ha et al., 2016) Likewise iNOS is involved 
in the control of inflammatory cytokine such as NO (Xue 
et al., 2018). In our study we also observed a significant 
rise in mRNA expression of iNOS in animal groups 
treated with glycerol. However, in rutin and rutin AuNPs 
treated group the expression of iNOS was downregulated 
significantly. This demonstrates that high oxidative state 
in glycerol treated animals is adversely moderated by the 
treatment of rutin and Ru-AuNPs. 
 
The iNOS-induced NO causes induction of heme 
oxygenase-1 (HO-1) enzyme, responsible for the 
catabolism of heme to biliverdin, iron and carbon 
monoxide as by products (Rochette et al., 2018; Ryter and 
Choi, 2016). Stress also induces HO-1 and in this 
situation it has immunomodulatory and anti-inflammatory 
functions (Ryter and Choi, 2016). Therefore, it plays a 
vital role in modulation of inflammation by up regulating 
interleukin-1R antagonist and interleukin-10 expression 
(Siddiqui et al., 2019; Ebersole et al., 2017). In our study 
it is found to be significantly raised in rutin and Ru-
AuNPs treated groups as compared to AKI group and 
normal controls. 
 
A recently identified molecule for characterization of 
tubular injury is Kim-1. Kim-1 expression is increased in 
inflammatory conditions (Beker et al., 2018; McWilliam 
et al., 2018). In our study we found the expression of 
KIM-1 to increase in rutin and Ru-AuNPs treated groups 
as compared to normal controls which was in agreement 
with previous studies. 
 

CONCLUSION 
 
Rutin protects against rhabdomyolysis-induced AKI by 
decreasing levels of creatinine and urea. Gold 
nanoparticle conjugates of rutin (Ru-AuNPs) conserve 
kidney structure at a lower dose as compared to rutin 
alone. Rutin and its gold nano formulation effectively 
preserve kidney tubular structure. The mechanism of 
protection appears to be the down regulation of IL-6 gene 
therefore protecting from oxidant injury and 
inflammation. Rutin also up-regulate the mRNA 
expressions of KIM-1 and HO-1 and down-regulate the 
expressions of NF-κB and iNOS. We hope that this 
compound will open new doors for future research and 
clinical trials.   
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