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ABSTRACT 

Nanoparticles have been known for their unique properties and are being utilized in 

various disciplines of sciences. Nanoparticles due to their smaller size enable them to 

higher exposure and higher availability through gastrointestinal tract when administered 

orally. In this research four metallic oxides nanoparticles (iron, zinc, silver and copper) 

along with three biological nanoparticles (turmeric, garlic and cinnamon) were 

synthesized. Various characterization techniques were utilized to evaluate these 

synthesized nanoparticles. Among the synthesized metallic nanoparticles the mean 

diameter of zinc oxide nanoparticles was around 47 nm, the mean diameter of iron oxide 

nanoparticles was around 54 nm, the diameter of silver oxide nanoparticles ranged 

between 40-70 nm and the diameter of copper nanoparticles ranged between 30-50 nm. 

Moreover, mean diameter of synthesized garlic and turmeric nanoparticles were 62 and 

46 nm respectively. However, cinnamon particles turned out to be in micro ranges. To 

evaluate potential of these synthesized nanoparticle in Gout treatment mice were used as 

model organism. For this experiment mice were induced with gout by injecting them with 

MSU crystals. These synthesized nanoparticles were administered orally to mice in 

various concentrations of 5 ppm, 10 ppm and 20 ppm. Biochemical tests such as RFTs, 

LFTs, lipid profile and blood count were performed to evaluate the effect of these 

nanoparticles at various concentration on gout. From renal function tests it was observed 

that these nanoparticles had decreased the uric acid levels in mice thus treating gout. 

From these biochemical test it was observed that nanoparticles were effective in reducing 

serum uric acid levels among which 5 ppm AgO NPs (1.80 ± 0.3098), 5 ppm zinc (2.00 

±0.8944), 5 ppm turmeric NPs (1.550 ± 0.1517) and 20 ppm garlic NPs (1.750 ± 0.1378) 

showed the most significant (P<0.01) results in reducing serum uric acid in comparison 

to allopurinol (2.11 ± 0.3710). Furthermore, at lower concentrations nanoparticles did not 

cause any significant toxicity. 

From this research it was concluded that the synthesized zinc, turmeric, garlic and 

cinnamon nanoparticles have potential in treating gout. Renal function test of these 

groups revealed that the uric acid levels were considerably decreased as well as the 

swelling of ankles also decreased. Moreover, the mice which were locally administered 
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with 5 ppm of Turmeric-oil NPs had astonishing effect in decreasing the swelling of mice 

ankles. Repeated oral administration of various nanoparticles at lower concentration can 

result in the reduction of serum uric acid levels in mice. 
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1. INTRODUCTION 

1.1 Nanotechnology 

 Nanotechnology holds a great potential in revolutionizing our society, having 

various beneficial innovations to develop structural materials, energy, medical imaging, 

electronics, and drug delivery with various other applications (Bonner, 2010). A particle 

ranging between 1-100 nm is defined as nanoparticle (Dubchak et al., 2010).  Humans 

have been introduced to many types of naturally occurring nanoparticles i.e. from ashes 

volcanic eruption, forest fires etc.). In only past 20 years we had the ability to synthesize 

particles which were in nano scale level (Borm et al., 2006). The application of 

nanotechnology in various fields such as industrial, household and medical are very 

favorable. Applications include more efficient water purification, increased processing 

power and speed in computers, stronger and lighter building materials, greater production 

and preservation of energy, and better gears for the diagnosis and treatment of various 

disease (Nel et al., 2006).  

1.2 Nanobiotechnology 

 Nanobiotechnology refers to the convergence of nanotechnology and biology. 

Nowadays, nanoparticles are increasingly being utilized for various biomedical 

application such as tissue healing, drug delivery, magnetic resonance imaging, cell and 

tissue targeting and transfection (Gupta et al., 2007). Nanoparticles can be used for the 

treatment of diseases known as nanotherapy, which uses the unique physical and 

chemical properties of nano-material for treatment of infectious disease at molecular and 

nano scale (Mabey et al 2004).  The Food and Drug Administration (FDA) permitted iron 

supplement ferumoxytol and other FeO NPs have been utilized for the treatment of iron 

deficiency, for magnetic resonance imaging and as drug delivery (Zanganeh et al., 2016). 
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1.3 Methods for the preparation of NPs 

 There are various methods to produce nanoparticles and are categorized into three 

main types including physical, chemical and biological (Irvani et al., 2014). 

1.3.1 Chemical method 

 Most commonly used chemical means for the synthesis of nanoparticles is 

reduction by utilizing different organic and inorganic reducing agents. Variety of 

reducing agents which are being utilized for the preparation of NPs such as sodium 

hydroxide, sodium citrate, sodium borohydride, ascorbate, potassium hydroxide, 

elemental hydrogen, Tollens reagent and many more are utilized for reducing ions in 

aqueous or non-aqueous solutions. In case of metallic ions these reducing agents leads to 

the creation of colloidal metallic nanoparticles (Wiley et al., 2005; Evanoff and 

Chumanov 2004; Merga et al., 2007). 

1.3.2 Physical method 

 There are many physical methods for the preparation of nanoparticles, in 

comparison with chemical process the nonexistence of solvent adulteration in the 

synthesized thin film and the homogeneity of nanoparticles are the benefits of physical 

methods. These types of physical approaches are laser ablation and evaporation 

condensation. On the other hand, physical method involving the usage of furnace at the 

atmospheric temperatures has some drawbacks, such as consumption of great amount of 

energy and time required to achieve thermal stability (Kruis et al., 2000; Magnusson et 

al., 1999). 

1.3.3 Biological method 

 Green or biological method involves the eco-friendly and economical production 

of nanoparticles. These methods involve the usage of eukaryotic fungus, prokaryotic 

bacteria and plants (Mohanpuria et al., 2008). Some examples of nanoparticles 

production using biological approach includes utilization of bacteria for producing zinc, 
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silver, cadmium, gold, iron and magnetite NPs, algae for producing gold and silver NPs, 

yeast for producing cadmium, lead and silver NPs, plants for producing platinum, 

magnetite, palladium, gold, silver and zinc oxide NPs (Iravani et al., 2014).      

1.4 Gout (Gouty Arthritis) 

 Gout or gouty arthritis can be defined as a metabolic disorder which results from 

the deposition of mono-sodium urate crystals (MSUCs) in the joints and tissues, this 

response is secondary to hyperuricemia (Schumacher et al., 2002). Gout is a common 

worldwide distributed disease resulting from the extracellular uarte supersaturation. Gout 

has been linked to hyperuricemia which is caused by the over synthesis or under 

excretion of uric acid which is highly affected by the high dietary consumption of nucleic 

acids (Boss et al., 1979; Chiang et al., 1994; Owen et al., 1999). The increase in the 

occurrence of gout can be related to the factors like high alcohol intake or excessive 

intake of diet containing nucleic acid which is associated with metabolic components 

(Keith and Gilliland 2007). Clinically, the gout is related with erythema and edema of 

joints, along with extreme discomfort in joints (Dieppe et al., 1979). 

Monosodium urate crystals (MSU) initiates an inflammatory response mainly by its 

interaction with synovial fibroblast, local macrophages, infiltrating neutrophils and 

monocytes within the synovial area, secreting proinflammatory mediators like IL 

(interleukin)-1, TNF-αand chemokines such as IL-8 (Terkeltaub 1993; Terkeltaub 2004; 

Liu-Bryan 2010). The release of these proteolytic enzymes, arachidonic metabolites, 

oxygen radicals and cytokines from these affected neutrophils are responsible for the 

inflammation and tissue damage in case of gouty arthritis (Nishimura et al., 1997; Di-

Giovine et al., 1991; Choi et al., 2005) 

1.5 Monosodium urate crystal metabolism 

 Uric acid is the finish produce of purine metabolism. It is a fragile biological acid 

that under physiological conditions is mostly present in the form of urate ions. On 5.75 
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pH the ionized uric acid is excreted from urine while, at 7.4 pH uric acid is found in the 

form of monosodium salt. The condition in which serum urate deposition surpasses the 

solubility of urate supersaturation in the blood and other extracellular spaces occurs. This 

condition is known as hyperuricemia but not only responsible for the crystallization of 

MSU crystals and advancement of gout (Oliviero et al, 2011).  

This relation can better be understood by Fig 1. 

 

Fig 1.1 Relationship between hyperuricemia and gout (Adapted from 

http://podlink.com/pathology/gout.php) 

1.6 Mechanism of Gout 

1.6.1 Initiation of Gout 

 An acute case of gout has all the marks of a severe inflammatory reaction. In case 

of an acute gout, the examination shows lining layer hyperplasia and extreme penetration 

of the membrane by neutrophils, lymphocytes and mononuclear phagocytes (Agudelo 

and Schumacher 1973; Schumacher 1975). Gout can be initiated by certain events 

surgery, accident, and intercurrent illness, excessive intake of diet containing nucleic 

acid, high intake of alcohol or drugs that change the serum urate levels. In such cases 
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preformed MSU microcrystals starts depositing in the joints. There are other factors like 

supersaturation of interstitial fluids with MSU, temperature and pH of the joints are also 

important in the development of MSU crystals (Tak et al., 1980). The debris present 

inside the synovial joints may also provide required nucleic acid for crystal development 

(McGill and Dieppe 1991). It is also noted that the nucleation of MSU crystals can be 

stabilized by the immunoglobulin and albumin (Perl and Adaddi 1988; Kam et al., 1992). 

Mast cells have also been related to the initiation of inflammation. The MSU crystal 

prompted mast cell degranulation starts inflammation (Getting et al., 1997).  

1.6.2 Employment of leucocytes 

 Vascular endothelial cell also plays an essential part in the progression of acute 

inflammation. Vasodilation increases the blood flow to the area which increases the 

availability of plasma protein and employment of leucocytes to the tissue. The early 

activation of endothelial cells is caused by the adhesion cells such as intercellular 

adhesion molecule-1 and vascular cell adhesion molecule-1 due to the discharge of TNF-

α from the mast cells (Meng et al., 1995). And the initiation of endothelial is accelerated 

by the factors released by the leucocytes dealing with the MSU crystals. From the 

experiments, it has been concluded that the MSU initiated monocytes supernatants 

induced e-selection, VCAM-1 and ICAM-1 is due to the release of TNF- α and IL-1 

(Chapman et al., 1997). Leucocytes employment is also enhanced by the locally 

produced chemical factors such as IL-8, m and C5a (Russell et al., 1982; Ryckman et al., 

2003). 

1.6.3 Intensification 

 MSU crystals are directly membranolytic, they can directly rupture the 

membranes of cells apart from that they can also activate leucocytes (Kozin et al., 1979). 

Several different proteins also interact with the MSU crystals which includes adhesions 

proteins, complement proteins and immunoglobulins. This results in protection from 



CHAPTER 1                                                                                            INTRODUCTION 
 

 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment          

    7 
 
 

breakdown, initiation of inflammatory response and interaction with specific cell surface 

receptors (Terkeltaub et al., 1983).  

1.6.4 Complement Components 

 The commotion of complement system is generally increased in inflamed 

synovial fluid from gouty arthritis patient in comparison to patient with normal 

uninflamed synovial fluid (Pekin et al., 1964).  MSU crystals are involved with the 

initiation of classical and alternative pathways in in vitro environment (Hasselbacher 

1979; Doherty et al., 1983). MSU crystals have been shown to bind complement proteins 

including Clq, Cls and Clr (Terkeltaub et al., 1983). MSU crystals are directly 

responsible for the activation of classical pathway as they fervently bind with the IgG and 

initiation of standard pathway does not requires the existence of immunoglobulin (Giclas 

et al., 1973). The initiation of complementary pathway leads the amplification of C3a and 

C5a, these anaphylatoxins acts as a chemoattractants for leucocytes. Furthermore, iC3b 

when coated with MSU crystals serves as a ligand for leucocytes. Production of IL-8 in 

reaction to MSU crystals is directly related to the instigation of the lethal membrane 

attack complex of the complement system. The IL-8 recruits neutrophils into the 

intensely swollen joint in gouty arthritis (Tramontini et al., 2004). 

1.6.5 Kininogen 

 Inflammatory response to MSU crystals may also be intensified by the creation of 

vasoactive peptide bradykinin. In addition to complement components plasma kininogen 

also binds urate crystals (Terkeltaub et al., 1983). The interaction of kininogen and MSU 

crystals results in the formation of Bradykinin. Bradykinin results in the activation of 

endothelial cells and promotes the vascular penetrability, vasodilation and arachidonic 

acid breakdown. Furthermore, these peptides are responsible for the stimulation of 

sensory nerves ending which induce pain (Kaplan et al., 2002). The studies conducted 

relating to kininogen also emphasizes the importance of this system to the treatment of 

gout. In the study Brown Norway rats were not given high molecular wright kininogen 
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which resulted in much reduced inflammatory response by MSU crystals (Damas et al., 

1984). In a similar study bradykinin antagonist also reduces the inflammatory response 

caused by the MSU crystals in vivo (Damas and Remacle 1992). 

1.6.6 Amplification at cellular level 

 MSU crystals are interacted with cells by the direct interaction with cells 

receptors present on the surface or phagocytosis. Opsonization by complement 

components or by IgG greatly promotes the phagocytosis of MSU crystals. Concentrated 

infiltration of neutrophils into synovial joint as well as fluid is the hallmark of acute gout. 

These cells are responsible for the provision of the key cellular machinery of 

inflammatory intensification. In the study involving dogs, it was seen that the MSU 

crystals prompted synovitis can be subdued by the reduction of neutrophils and this can 

be inverted by the introduction of neutrophils (Phelps and McCarty 1966). Many surface 

receptors are probably responsible for the mediation of response between neutrophils and 

MSU crystals (Terkeltaub et al., 1990; Onello et al., 1991). These receptors comprise of 

CR3 and Fc_RIII, which binds to the crystals bound iC3b and IgG (Barabé et al., 1998). 

The consequences of the interactions between the MSU crystals and neutrophils initiates 

the production and discharge of a hefty quantity of mediators that indorses erythema, 

vasodilation and discomfort related to the intense gout. The mediators produced or 

released during these interactions includes leukotriene B4, anti-microbial peptides, IL-1, 

volatile oxygen species such as superoxide, nitric oxide, singlet oxygen, hydrogen 

peroxide and chemokines such as IL-8, S100A8, and S100A9 (Abramson et al., 1982; 

Simchowitz et al., 1982; Gilbert et al., 2003; Roberge et al., 1991; Roberge et al., 1994; 

Hachicha et al., 1995; Ryckman et al., 2004). 

Monocytes also becomes activated following the phagocytosis of MSU crystals which 

results in the appearance of a various amount of pro-inflammatory factors including IL-1, 

IL-6, IL-8, cyclooxygenase-2 and TNF-α (Di Giovine et al., 1987; Di Giovine et al., 

1991; Guerne et al., 1989; Terkeltaub et al., 1991; Pouliot et al., 1998). Local stromal 

cells also adds mediators to the inflammatory reaction in association with infiltrating 
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leucocytes. So synovial fibroblast can eliminate these crystals and react by discharging 

metabolites such as PGE2 and arachidonic acid (Wigley et al., 1983). 

It has been clarified that the signaling pathways is tangled in cellular initiation in reaction 

to the MSU crystals. During the acute gout attack cellular response are regulated by MSU 

crystals prompted initiation of Src family tyrosine kinases, JNK mitogen stimulated 

protein kinase (MAPK), syk tyrosine kinase and ERK12 and p38 (Pouliot et al., 1998; 

Liu et al., 2001; Gaudry et al., 1995; Desaulniers et al., 2001; Liu et al., 2000). ERK1/2 

MAPK pathway plays a specific role within the mononuclear phagocytes by activating 

protein-1 (AP-1) and nuclear factor-kB (NF-kB), proinflammatory mediators are also 

produced after the stimulation of MSU crystals (Liu et al., 2000; Jaramillo et al., 2004). 

1.6.7 Pain in the gouty arthritis 

 The hallmark resulting from the acute monosodium urate crystals arthropathies is 

severe joint pain. There are different factors which are responsible for the pain, including 

local production of bradykinin and prostaglandins, and sensitization of nociceptors 

(Gentle 1997). After the stimulation of unmyelinated nerve fibers, neuropeptides such as 

substance P are released. The substance P results in the plasma extravasation, 

vasodilation, mass cell degranulation, leucocytes recruitment and release of cytokines and 

PGs. After the intra articular injection of MSU crystals into the ankle joint of domestic 

chicks it was observed that the substance P was rapidly depleted from peripheral nerves 

into the subsynovial and synovial tissue. The data gathered from this study indicates that 

substance P is a potential mediator of inflammation and pain gouty arthritis (Lunam and 

Gentle 2004). 

1.7 Genetics of Hyperuricemia and Gout 

 The genes associated with gout or serum uric acid are mostly involved in the renal 

urate transport system. Urate transport genes involved in the modulation of serum uric 

acid level and gout risk are SLC2A9, ABCG2 and SLC22A12. Net balance between renal 

urate absorption and secretion is a main element of serum uric acid concentration 
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and function loss. Hereditary hyperuricemia is caused by the mutation in SLC2A9, 

and SLC22A12 which involves reduced urate absorption and unrestricted urate secretion. 

Strong pharmacogenetic associations between HLA-B*5801 alleles and severe 

allopurinol-hypersensitivity reactions were shown in Asian and European populations 

(Reginato et al., 2012).   

1.8 Drugs used for the Treatment of Gouty Arthritis and 

Hyperuricemia 

1.8.1 Allopurinol 

 Allopurinol is the most common medication used for the treatment of gouty 

arthritis and hyperuricemia. It is a xanthine oxidase inhibitor (XOI) used to decrease the 

high levels of serum urate. Commonly 300 mg/day of allopurinol tablet is used to 

decrease the elevated level of serum urate of individuals having gouty hyperuricemia 

(Klinenberg 1965; Rodnan et al., 1975). Moreover, allopurinol has many adverse and 

long term usage side effects which includes jaundice, nausea, dark urine, weight loss and 

many more.  

1.8.2 Febuxostat 

 Febuxostat is an alternative to allopurinol administered to the patient having 

hyperuricemia and gout. It is a novel nonpurine selective inhibitor of xanthine oxidase. 

Experimental trials showed that febuxostat administered at the dosage of 80 mg or 120 

mg was more effective in comparison to allopurinol which is commonly administered at 

the dosage of 300 mg in lowering serum rate. In experimental trials, it was also noted that 

it has similar reduction in gout flares and tophus areas (Becker et al., 2005). 

 

1.9 Side Effects of Allopurinol 

 The therapeutic approach for the treatment of gout includes the use of either 

uricosuric agents which increases the urinary excretion of uric acid or xanthine oxidase 

(XO) inhibitors which blocks the biosynthesis of uric acid (Vázquez-Mellado et al., 

2004). Furthermore, XO is a biological source of oxygen free radicals which carries 
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oxidative damage to tissues causing aging, ischemia reperfusion carcinogenesis, hepatitis 

and inflammation (Matata and Elahi 2007). Allopurinol an XO inhibitor is clinically used 

for the treatment of gout. Although, this drug causes many side effects such as 

nephropathy, hepatitis and some allergic reactions (Fagugli et al., 2008). 

 

1.10 Traditional/Natural treatment of Gouty Arthritis and 

Hyperuricemia 

1.10.1  Turmeric (curcumin) 

             Curcuma longa commonly known as turmeric has been used since ancient times 

for the treatment of various diseases. A yellow pigment known as curcumin is the major 

component of turmeric identified almost a century ago. Turmeric has been known to 

show anti-inflammatory activity which due to the presence of curcumin.  This compound 

has been revealed to regulate many transcription factors, protein kinases, redox status, 

adhesion molecules, enzymes and cytokines that have been related to inflammation 

(Aggarwal and Harikumar 2009). 

1.10.2 Garlic 

 Allium sativum commonly known as garlic has several active components like 

allicins and contains vitamin B, flavonoids, enzymes and minerals. It has been known to 

reduce cholesterol, risks of heart attacks and is used for the treatment of arthritis. Due to 

the availability of bioactive compounds garlic is being commonly used in households 

since ancient times (Neeraj et al., 2014). 

1.10.3 Cinnamon 

 Cinnamomum osmophloeum commonly known as cinnamon is a common 

household spice. Cinnamon twigs have been utilized for various remedies against 

common diseases. Major components of cinnamon are trans-cinnamaldehyde, 

caryophyllene oxide, l-borneol, l-bornyl acetate, eugenol, β-caryophyllene, E-nerolidol, 
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and cinnamyl acetate. These components have shown excellent anti-inflammatory 

properties (Tung et al., 2008)  

1.10.4 Sesame Oil 

 Sesamum indicum commonly known as sesame. The seed oil of sesame has been 

traditionally used in Chinese medicine for the treatment of inflammatory pain in joints, 

toothache, cuts and scrape. Experiments on rats revealed that sesame oil decreased 

activated mast cells count in skin cells of rats which were treated with MSU crystals, they 

also significantly decreased nuclear factor (NF)-kB activity and IL-4 level in isolated 

mast cells in MSU crystals treated rats. Furthermore, sesame oil decreased lavage 

complement proteins C3a and C5a levels in MSU crystal-treated rats (Hsu et al., 2013). 

1.10.5 Soursop Extract 

 Annona muricata commonly known as soursop is an edible fruit. Soursop extract 

influenced the xanthine oxidase activity by inhibiting the ability to produce uric acid, 

which is the main reason for the inflammatory diseases. Study conducted by (Ewadh et 

al., 2015) observed that the main component responsible for the inhibition of uric acid 

production by using soursop is coumarin. 

 

 

1.10.6 Bitter melon extract 

 Momdica charantia commonly known as bitter melon is a tropical and sub-

tropical fruit. Bitter melon is known for its xanthine oxidase inhibitory potential. Extract 

of Momdica charantia contains a natural compound coumarin which is responsible for 

the xanthine oxidase inhibitory effect. From research, it was resulted that 0.5 mg/kg of 

coumarin causes significant decrease in serum uric acid level in mice with hyperuricemia 

(Alsultanee et al., 2014).    
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1.11 Nanoparticles potential in treatment of Gout 

 In a previous study, nanoparticles of uricase and aceclofenac (NSAID) were 

incorporated in gel and were locally administered to synovial joint for the the effective 

treatment of gout. These nanopartilcles were prepared by double emulsion solvent 

evaporation method and emulsion solvent evaporation, PLGA was used as a carrier. In 

vivo studies were implemented in a rabbit model. Topical application of gel containing 

polymeric uricase nanoparticles alone and a combination of both, uricase nanoparticles 

and aceclofenac nanoparticles in rabbit model test groups, provided complete removal of 

urate crystals and inflammation within 40 and 25 days of treatment. The combination 

treatment therapy resulted in effective treatment of gout due to degradation of crystals 

and anti-inflammatory response (Tiwari et al., 2015). Furthermore, it has been observed 

that compound containing trace metal elements such as copper or zinc exhibit a potent 

xanthine oxidase inhibitor by inactivating xanthine oxidase (Li et al., 2018). 

In this research, considering the above mentioned studies the objective was to 

examine the in vivo effect of metallic nanoparticles and nanoparticles derived from 

natural compounds on the treatment of gout and hyperuricemia. For this experiment 

Balb/C mice were induced gout using MSU crystals which were than treated with various 

concentration of nanoparticles. Several biochemical parameters were tested and analyzed 

to study the effect of these nanoparticles on gout and hyperuricemia. 

Nanoparticles have been reported for its ameliorative effects on hyperuricemia 

and gouty arthritis so that after considering the side effects of allopurinol on kidney, the 

present study was designed to investigate the effects of various synthesized nanoparticles 

when administered to mice having gouty arthritis. 
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1.12 Objectives of study 

 To synthesize and characterize various nanoparticles. 

 To synthesis MSU crystals and induce gout in mice. 

 To evaluate the effects of nanoparticles on mice having gout. 
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    2. Review of Literature 

2.1 Synthesis of nanoparticles 

It has been reported by Khan et al., (2005) a novel organometallic method for the 

synthesis of crystalline zinc nanoparticles. This method can control the size and shape of 

particles and can create nanoparticles as well as nanorods. By following parameters 

which were determined by experimentation zinc oxide nanoparticles of 3 to 6 nm mean 

size and nanorods of 3 to 4 nm and length of 120 nm can be synthesized. In this method 

Zn(c-C6H11)2 is used as a precursor salt while long alkyl chain amines are used as 

stabilizing agents. The concentration of nature, type of stabilizers used, time and 

temperature effects the size and shape of the produced nanoparticles or nanorods. The 

products produced can be dissolved in an organic solvent by forming colloidal solution. 

Li et al., (2005) described a synthesis technique for silver nanoparticles by using 

reduction method in which silver acetate was reduced using a substitute hydrazine such 

as Phenylhydrazine in the presence of 1–alkylamine such as hexadecylamine. The 

solution was heated at 25 to 60 °C in the presence of toluene. The particles produced by 

following this method were of less than 10 nm in size. These alkylamine stabilized silver 

nanoparticles can be converted into highly conducted films or elements by heating them 

at 120 to 160° C. These thin coated films can be untitled in various applications. 

It was developed by Lin et al., (2005) a novel method for the synthesis of zinc 

nanoparticles. In this method, thermal plasma reactor was utilized. It was observed that 

the plasma affected the morphology of the produced nanoparticles while N2 plasma 

produced spherical particles in comparison. The visible light absorption properties of 

these particles were achieved by doping them with a ppm of nitrogen into the material. 

These produced particles not only absorbed UV light but also visible light. 

Zhu et al., (2005) reported a novel method for the synthesis of copper 

nanoparticles. In this method copper sulphate was reduced using hydrazine in the 

presence of ethylene glycol under the irradiation from microwave. Heating method and 

temperature at which the reaction was carried out was essential for the morphology and 

size of nanoparticles. X-ray diffractometry and transmission electron microscopy was 
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utilized for studying the effect of different temperature and heating method on the 

properties of copper nanoparticles. In the absence of protective polymer, well dispersed 

copper nanoparticles were synthesized which were about on average 15 nm in diameter. 

It has been devised by Ao et al., (2006) a production technique in which zinc 

oxide nanocrystals were synthesized using mechano-chemical process which was 

followed by a heat treatment. In this method zinc chloride and sodium bicarbonate were 

used as regents while sodium chloride was used as a diluent. The salts were milled and 

calcined at the high temperature of 600° C after which sodium chloride was removed 

using water. It was recorded that the increase in the time of milling can reduce the size of 

nanocrystallites and increase in the temperature during calcination also increases the size 

of crystals. Through characterization it was revealed that the zinc oxide crystals had an 

average size of 21 nm. 

Salazar et al., (2006) researched a novel method for the synthesis of iron oxide 

nanoparticles. This method follows a flow injection technique in which a segmented or 

continuous mixing of reagents under laminar flow regime in a capillary reactor was 

practiced. Different patterns for injection were studied and it was observed that the 

continuous injection was more suitable for the synthesis of iron oxide nanoparticles. 

These synthesized particles were characterized using different techniques like magnetic 

susecptometry, thermal analysis, SEM and XRD. It was resulted that the iron oxide 

particles had a narrow size distribution in the range of 2 to 7 nm. 

Sun et al., (2006) devised a method for synthesis of Zinc oxide nano rods by 

using a one step, room temperature and solid state reaction. In this method zinc acetate 

dehydrate, sodium hydroxide and cetyltrimethylammonium bromide (CTAB) were 

reacted at room temperature. Different characterization techniques were employed such 

as SEM, TEM and XRD. It was observed that the nanorods produced had a mean 

diameter of 10 to 30 nm and lengths of about 150 to 250 nm. It was further studied that 

these nano rods showed relatively high sensitivity toward light and can be used as a light 

sensitive sensor. 
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I has been researched by Yang et al., (2006) an electrochemical method for the 

synthesis of cuprous oxide nanoparticles. In this method alkali NaCl solution with copper 

as electrodes and K2Cr2O7 was used as additive. UV light or sunlight was utilized for the 

studying the photocatlytic degradation of methyl orange (MeO) in aqueous Cu2O 

solution. Various characterization methods were employed for these particles which 

indicated that these nanoparticles had an average size of 35 nm. Repeated use of catalyst 

revealed that the Cu2O still had the photo-catalytic activity when re-used four times. 

Cu2O still retained their cubic crystal phase but were transformed into CuO after 

oxidization. 

Chin and Yaacob (2007) discribed a microemulsion and Massart’s procedure for 

the synthesis of magnetic iron oxide nanoparticles. Water in oil microemulsion system 

was utilized in which two different volumetric ratios of iron ions and hydroxide ions were 

studied. The ratios were 1:1 and 2:1. Various characterization techniques were employed 

for the study of these nanoparticles. It was observed that these particles were super 

paramagnetic, were highly crystallites and had the average size of 10 nm. The iron oxide 

nanoparticles were also prepared with Massart’s procedure but it was observed that these 

particles were less magnetic on comparison to the particles produced by the 

microemulsion. The particles prepared by the microemulsion also had smaller size in 

comparison to the particles produced by the Massart’s procedure. 

It was reported by Hsieh (2007) a procedure in which zinc oxide nanoparticles has 

been prodeuced using liquid precipitation. Zinc acetate dehydrate was utilized for the 

spherical shaped uniform zinc oxide nanoparticles. Water ethanol mixture was used as a 

solvent. Triethanolamine was used as surface active agent which was soluble in ethanol. 

While zinc ions were soluble in water. The alkali in the solution were precipitated using 

n-propylamine. The morphology of produced spherical zinc particles depended on the 

concentration of zinc salt concentration, water to ethanol ratio and added surface active 

agent. Through this process 50-90 nm in size nanoparticles can be produced. Various 

characterization techniques were used to determine the size and morphology of the zinc 

oxide nanoparticles. 
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It has been researched by Kumar et al., (2007) a technique for the the production 

of silver nanoparticles using α-NADPH mediated nitrate reduction. In this method silver 

ions were reduced using α-NADPH and the synthesized nanoparticles were stabilized 

using peptides. Using above stated method the produced stable hydrosol nanoparticles 

were of 10 to 25 nm in size. Several characterization techniques were employed during 

the study. 

Shahverdi et al., (2007) showed a unique method for the synthesis of silver 

nanoparticles using microbes. In this method silver nanoparticles were synthesized by 

reducing the Silver ions using the supernatant culture of Klebsiella pneumonia. The 

yellowish brown colour of the solution indicates the formation of silver nanoparticles. By 

the utilization of UV-VIS spectroscopy it was determined that the absorbance peak was 

around 430 nm. Other characterization tools indicated that the mean diameter of 

synthesized particles was around 22.5 nm. 

It has been devised by Shrivastava et al., (2007) a method for the preparation of 

silver nanoparticles which had size ranging from 10 to 15 nm with increased stability and 

increased antimicrobial activity. Ammonia was added drop wise into silver nitrate 

solution to produce a stable precursor solution. A mixture of hydrazine and D-glucose 

were used as reducing agents. The pH of the reaction was maintained at 7.4 using citric 

acid. Different characterization methods were employed for these silver nanoparticles and 

it was observed that these nanoparticles were in nano ranges. 

Xu et al., (2007) experimented the synthesis of magnetite nanoparticles by using 

sol-gel method which was combined with annealing under vacuum. The morphology, 

structure, particle size, chemical composition and magnetic properties were characterized 

using different techniques like XRD, FSEM, VSM and X-ray spectrometer. It was 

observed that the magnetism of these nanoparticles increases with the increase in the 

temperature during the synthesis. Furthermore, the phase transformation was also studied 

under different temperature and atmosphere conditions. Also, the size of the 

nanoparticles also increased with the increase in the temperature. 
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Chen et al., (2008) researched a method for the synthesis of silver nanoparticles 

mediated by microwave green synthesis. In this method carboxymethyl cellulose sodium 

was used as a stabilizing agent as well as reducing agent. Although it is impossible to 

hydrolyse CMS in aqueous solution without the utilization of any catalyst. Through this 

research it was seem that CMS cannot be hydrolysed using conventional heating 

methods. In this method CMS was hydrolysed using microwaves. Microwaves mediated 

hydrolysed CMS is used to reduce silver nitrate into silver nanoparticles. Although the 

concentration of CMS is also very important, higher concentration of will yield bigger 

sized nanoparticles. The ideal concentration of CMS for 0.1 mM silver nitrate is 0.04 %. 

The nanoparticles synthesized using this method were stable and uniform in size. 

Through transmission electron microscopy it was revealed that these particles were of 15 

nm in size. These nanoparticles can be stored at room temperature for two months 

without any changes. 

It has been reported by Chen et al., (2008) a direct precipitation method for the 

synthesis of zinc oxide nanoparticles. The reaction was carried out between Zinc nitrate 

and ammonium carbonate in an aqueous solution. The precursors of Zinc oxide particles 

produced during the reaction were subjected to high temperatures during calcination. The 

temperature during calcination was kept at 550° C. the obtained nano sized zinc oxide 

nano powder was characterized using different approaches such as SEM, XRD and BET. 

It was observed that these particles were of 35.2 nm in size and had a pure wurtzite 

structure. But it was also observed that the fraction of ZnO particles were in the form of 

aggregates. 

Nadagouda et al., (2008) described a simple method for the synthesis of silver 

nanoparticles by the utilization of green synthesis method. Single pot method was 

employed in which there is no need for stabilizers, surfactants or templates. Coffee was 

used to produce nanoparticles. Silver nitrate was mixed with coffee beans extract and 

were settled down at room temperature. The size of synthesized nanoparticles was in the 

range of 20 to 60 nm and were crystallized in face centred cubic symmetry. The UV-VIS 
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recorded that the peak of synthesized silver particles was around 460 nm. This method is 

not only applicable for silver but other metals such as palladium, gold and platinum. 

Lee et al., (2008) devised a comparatively large scale and high yielding method to 

produce copper nanoparticles. In this method copper sulphate was chemically reduced 

using sodium hypophosphite in ethylene glycol in which polymer surfactant (PVP) was 

added to stabilize and prevent the aggregation of nanoparticles. The yield determined 

from the reaction was around 68 to 73 %. By varying the reaction temperature, the 

relative ratio of surfactant to copper sulphate and reaction time the size of these 

nanoparticles can be controlled. The size of these synthesized nanoparticles can be 

between 30 to 65 nm. After the utilization of field emission scanning electron microscopy 

(FE-SEM) and transmission electron microscopy it was revealed that the synthesized 

nanoparticles were of spherical shape. Furthermore, x-ray crystallography revealed the 

formation of face centered cubic (FCC) metallic copper. 

A green synthesis method was developed by Bar et al., (2009) for the production 

of silver nanoparticles using the seeds of Jatropha curcas. The extract from these seeds 

was added to the silver nitrate solution. Later the solution was heated at 80°C for 15 

minutes, the colour of the solution turned reddish which indicates the formation of silver 

nanoparticles. These nanoparticles were monitored using UV-VIS spectroscopy which 

recorded the absorbance peak at 425 nm. Other characterization tools were also employed 

which indicated that the synthesized silver nanoparticles were stable and spherical in 

shape and had diameter ranging from 15 to 50 nm. Furthermore, XRD analysis resulted 

that these particles were crystalline in nature with face centered cubic geometry. 

Utilizing facile one step hydrothermal method Ge et al., (2009) experimented the 

synthesis of iron oxide nanoparticles. The nanoparticles synthesized using these methods 

had controllable diameters, tunable magnetism and narrow size distribution. The 

nanoparticles were synthesized by the oxidation of ferrous chloride using a basic aqueous 

solution under raised pressure and temperature. Through various characterization 

techniques it was revealed that the produced particles are highly crystalline and by 

varying the reaction conditions the diameter of the particles can be tuned from 15 to 31 
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nm. These particles exhibited the magnetism in the range of 53.3 to 97.4 emu/mg. it was 

also observed that the size of the nanoparticle also affected the detection capability of 

these nanoparticles. 

Guardia et al., (2009) researched a method in which the use of decaonic acid as 

capping agent in the synthesis of iron oxide nanoparticles. By using this procedure, the 

particle size can be controlled within 5 nm, by adjusting precursor to capping ligand ratio 

in a systematic way the particle size can be controlled within 30 nm. Finally, the size can 

be controlled within 50 nm if the synthesis temperature can be controlled. The particles 

also showed greater magnetism at lower temperatures. These decanoic coated 

nanoparticles were transferred to water by utilizing tetramethylammonium hydroxide 

which allowed further coating of these nanoparticles. These tunable iron oxide magnetic 

nanoparticles have vast practical applications. 

 Chemical reduction method was utilized by Guzmán et al., (2009) for the 

synthesis of silver nanoparticles in which silver nitrate was utilized as a precursor salt and 

hydrazine hydrate was used as a reducing agent.  Sodium Dodecyl Sulphate (SDS) and 

sodium citrate were also used as a stabilizer at room temperature. Silver nanoparticles 

were obtained using centrifugation. These particles were washed three times using 

deionized water under nitrogen stream. In the end, fine powder was obtained by utilizing 

freeze drying. The synthesized nanoparticles were monitored using UV-VIS 

spectroscopy, the maximum absorption peak was around 418 to 420 nm. Various 

characterization techniques were employed for characterization and it was observed that 

the particles were well dispersed agglomerates of grain and had an average diameter of 

10 and 20 nm. 

Thermal plasma technology was used by Ren et al., (2009) for the synthesis of 

copper and copper oxide nanoparticles. This type of method resulted in creating pure 

traces of copper and copper oxide nanoparticles. Through transmission electron 

microscopy it was determined that the average size of these synthesized nanoparticles 

ranged from 20 to 95 nm. 
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Salavati et al., (2009) investigated a novel process for the synthesis of copper and 

copper oxide nanoparticles by the utilization of thermal decomposition. Powdered copper 

nanoparticles were produced by thermal decomposition of 

Bis(salicylidiminato)copper(II) and Cu(sal)2. The produced copper nanoparticles were 

further oxidized to prepare copper oxide nanoparticles. Transmission electron microscopy 

(TEM) determined that the produced copper oxide nanoparticles were of 10 nm average 

diameter. These prepared copper oxide nanoparticles were also characterized using FTIR, 

SEM and EDAX. From x-ray analysis, it was revealed that the copper oxide 

nanoparticles were of broad pattern. UV-VIS spectrophotometry was utilized to study the 

optical absorption, the oxidation course of Cu → Cu2O and to conclude the band-gap 

energy which was about 2.4 eV for Cu2O nano-shells. 

It has been researched Shaikh et al., (2009) the preparation of turmeric 

encapsulate nanoparticles. These turmeric particles were created by the emulsion 

technique. The turmeric nanoparticles synthesized were spherical in shape and had a 

particle size of 264 nm. X ray diffraction showed that these particles were amorphous. 

The in vivo pharmacokinetics showed that the bioavailability of these encapsulated 

turmeric nanoparticles was increased at least nine folds in comparison to normal turmeric 

administered with piperine as an enhancer for absorption. This experiment showed that 

the encapsulated nano turmeric is relatively more bioavailable. 

A novel procedure was developed by Tang et al., (2009) for the synthesis of 

magnetic ferrous particles. This environmentally friendly method involved the usage of 

spent pickling liquors. In this method ultrasound treatment was introduced into co 

precipitation of precursor salts. The ultrasound treatment was utilized to control the size 

of particles. These particles were characterized using XRD and TEM. It was observed 

that the particles were in nano ranges. Furthermore, the magnetic parameter was 

measured using a magnetic measuring system. The final products were cubic ferrous 

oxide nanoparticles having super paramagnetism. 

It has been devised by Ambrožič ae al., (2010) a procedure for the synthesis of 

zinc oxide nanoparticles by using a one pot synthesis method by refluxing an 
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oversaturated solution of zinc acetylacetonate hydrate in isobutanol and 1-butanol. In this 

reaction both the alcohols had alcoholytic cleavage of acetylacetonate which was 

followed by hydrolytic formation of Zn-OH intermediate. The conversion of ZnO in 

isobutanol was relatively slower on comparison to 1-butanol when it was used as a 

medium during the reaction. Different sizes of nanoparticles were produced by this 

process ranging from 20 to 200 nm in length and had different morphologies. 

A technique was reported by Burunkaya et al (2010) for the synthesis of 

aluminium doped zinc oxide nanometric particles using hydrothermal method. In this 

method Aluminium nitrate hydrate, zinc nitrate hydrate and aluminium sec-butoxide were 

used as starting chemicals, and 2- butanol and n-propanol were used as solvents. The 

ratio of aluminium sec-butoxide was kept at 10 % by weight. The reaction was carried 

out at high temperatures of 175- 225 ° C in a Teflon autoclave. Six different sets of 

parameters were studied by varying the ratios of HCL and water to zinc nitrate. 

Synthesized products were subjected to various characterization tools. it was observed 

that the single phase aluminum doped zinc oxide particles were obtained by keeping the 

alcohol to zinc nitrate ratio to 35, acid to zinc nitrate ratio should be kept at 0.2 at 

temperature of 225° C . The particles obtained were of 3.2 to 0.4 nm in size. From UV-

diffuse reflectance spectra it was it was observed that the particles had high reflectance in 

the visible region and low reflectance at UV region thus having potential to be utilized in 

optical and electronics. 

Fayaz et al., (2010) experimented a method for the preparation of silver 

nanoparticles by employing extracellular biosynthesis using a fungus. In this method 

silver nitrate was reduced by using fungus Trichoderma viride. Nanoparticles produced 

using this method were extremely stable. Trough transmission electron micrograph it was 

reported that these poly-dispersed nanoparticles were in range of 5 to 40 nm. These 

nanoparticles showed an absorbance peak around 420 nm when they were characterized 

using UV-VIS. 

 A co-precipitation method was utilized by Kuo et al., (2010) for the synthesis of 

zinc oxide nanoparticles. In this method, prepared zinc hydroxide particles are calcined at 
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99.85 ° C for 10 minutes, in this phase most crystals are of zinc hydroxide and zinc oxide 

crystals are in a minority. These precipitates when calcined at around 140 ° C for 10 

minutes comprised only Zinc oxide crystals and no other particles were detected. 

Although the ZnO particles which were present at 99.85° C were of 32.2 nm in 

comparison to the particles which were present at the temperature of 140° C were of 44.3 

nm in size. It was also observed that these ZnO particles had great UV absorbing ability.  

Aqueous precipitation method was applied Lanje et al., (2010) for the preparation 

of copper oxide nanoparticles in which copper acetate was used as a precursor and 

sodium hydroxide was used as a stabilizing agent. This easy method can be utilized to 

produce large amount of copper oxide nanoparticles. Nanoparticles are prepared by 

adding glacial acetic acid to copper acetate solution at 100° C, the solution was stirred 

constantly. After which sodium hydroxide is added gradually to the heated solution until 

the pH of the solution reaches 6 to 7. These synthesized black particles are centrifuged 

and washed several times using deionized water. The final product was later air dried. 

Various methods of characterization were employed during study, from transmission 

electron microscopy (TEM) it was revealed that these particles were of 5 to 6 nm in size. 

It has been reported by Wang et al., (2010) a synthesis of zinc oxide nanoparticles 

by direct precipitation method in a membrane dispersion micro-structured reactor. In this 

method zinc sulphate and ammonium bicarbonate aqueous solution were used as a 

feedstock in a membrane dispersion micro-structured reactor. Furthermore, the 

calcination temperature for precursors, calcination time, feed flow rate and feed 

concentrations were studied. XRD, TEM and BET were the characterization techniques 

that were used to determine the structure and size of these nanoparticles. It was 

determined that the particles produced had pure hexagonal structure, had an average size 

of 9.4 nm and had a pseudo spherical shape.  

Zhang et al., (2010) researched a method for the synthesis of copper nanoparticles 

using chemical reduction method in which potassium borohydride was used as a reducing 

agent and copper sulphate was used as a precursor salt. In this study concentration of 

copper sulphate and potassium borohydride, temperature of reaction, dispersant on the 
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size of particle and conversion ratio were also observed. The temperature during the 

reaction was kept at 30°C. The concentration of copper sulphate was kept at 0.4 mol/L 

while the dispersant used was n-butyl alcohol. Through following these conditions the 

particles obtained were of spherical shape and size of 100 nm. 

Sonication-assisted synthesis of polyelectrolyte-coated turmeric nanoparticles was 

experimented by Zheng et al., (2010). Turmeric is poorly soluble in water this new 

method countered against that problem. Turmeric was dissolved in organic solvent like 

ethanol which is miscible in water. Turmeric was nucleated by the addition of 

polyelectrolytic assisted by ultrasonification. 60 to 100 nm size of encapsulated nano 

turmeric was obtained by using the above-mentioned procedure. The size of these 

particles depended on the initial solvent, sonication power and concentration of 

components. This encasement of turmeric molecule increased the availability of these 

particles.        

Dang et al., (2011) stuided the process for the synthesis of copper nanoparticles 

by the reduction of copper sulfate using sodium borohydride in water without inert gas 

protection. Ascorbic acid (vitamin C) was also utilized as a protective agent to prevent 

the oxidization of newly formed copper nanoparticles during the reaction and storage. 

Polyethylene glycol (PEG) was added which acted as a capping agent as well as size 

controller. Different characterization methods were utilized to determine the size of 

synthesized nanoparticles. It was determined that the average size of these copper 

nanoparticles was 10 nm at room temperature. 

Direct decomposition method was used by Darezereshki et al., (2011) for the 

synthesis of zinc oxide nanoparticles. In this method zinc sulphate was used as a 

precursor. This precursor salt was thermally decomposed at high temperature. Zinc 

sulfate was calcinated in the presence of air at high temperature of 825° C for 1 hour. 

Various characterization methods were used to determine the structure and size of these 

particles. It was observed that these particles were of spherical in shape and had and size 

of 87 to 92 nm. This method is cheap in comparison to other methods and can be utilized 

at industrial scale. 
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Wet milling method was opted by Basniwal et al., (2011) for the synthesis of 

turmeric nanoparticles by using wet milling method. These nanoparticles had a narrow 

particle size distribution in the range of 2 to 40 nm. These nanoparticles of turmeric were 

freely dispersible without the aid of any surfactants in comparison to normal turmeric 

powder. It was also observed that the chemical structure of nano turmeric in comparison 

to normal turmeric was the same, there were no medication in the chemical structure 

during the transformation to nano turmeric. This nano turmeric showed a potential 

antimicrobial activity against gram negative as well as gram positive bacteria. These 

nanoparticles were characterized by using various techniques. 

It has been reported by Kim et al., (2011) a method in which water-soluble 

albumin-bound turmeric nanoparticles with improved antitumor activity has been 

prepared. In this experiment turmeric loaded human serum albumin nanoparticles (CCM-

HSA-NPs) were synthesized for intravenous administration. Through various 

characterization techniques it was revealed that the CCM-HSA-NPs had narrow size 

distribution in the range of 130-150 nm. Furthermore, it was also investigated that the 

solubility of CCM-HSA-NPs was 300 folds greater than that of CCM particles. It was 

also noted that during storage their activity loss was negligible. CCM-HSA-NPs particle 

activity against tumor in comparison to CCM was much higher in comparison to the 

CCM. 

A modified method for the synthesis of copper nanoparticles was researched by 

Ramyadevi et al., (2011). Modified polyol method was employed for the production in 

which copper acetate hydrate was reduced in the presence of Tween 80 by rotating the 

temperature between 190°C and 200°C. X ray diffraction utilized to study the crystal 

structure and formation of phase. 

A polymeric precursor method was experimented by Shoja et al., (2011) for the 

synthesis of zinc oxide nanoparticles. The synthesized zinc oxide particles were in nano 

and submicro ranges. In this process zinc acetate was used for obtaining zinc ions, while 

citric acid was used as a chelating agent and ethylene was used as a connecting agent. 

These particles were characterized using SEM, TEM, FT-IR and EDX. Changing the 
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ratio of citric acid and ethylene glycol influenced the morphology and structure of the 

particles. Different structure and morphology was obtained such as hexagonal or circular 

rods by varying the ratio between these two. The final ratio of ethylene glycol and citric 

acid was kept at 4:1. Optical properties of these nanoparticles was also studied and it was 

observed that the rod like and spherical zinc oxide particles show strong UV emission 

while hexagonal particles show both green and UV emissions. 

Banerjee et al., (2012) described a sonochemical synthesis of zinc oxide 

nanoparticles in which zinc acetate was dissolved in different solutions containing 

aqueous methanol, ethanol and iso-propanol containing 5 % volume of alcohol. XRD, 

AFM, BET and FESEM were utilized for the characterization of synthesized zinc 

nanoparticles. Characterization of these synthesized nanoparticles revealed that these 

particles differed in shape and sizes. Zinc oxide nanoparticles synthesized using iso-

propanol were observed to be the most crystalline in nature. 

A unique method for the synthesis of copper nanoparticles was devised by Usman 

et al., (2012). The reaction was carried out in aqueous solution in which chitosan was 

used as stabilizer while copper sulphate pentahydrate was used as a precursor salt. 

Sodium hydroxide was used as a pH moderator, ascorbic acid (Vitamin C) was used as an 

antioxidant and hydrazine was used as a reducing agent. By using FT-IR it was observed 

that the chitosan was capping the copper nanoparticles. Various method were used for the 

characterization of these nanoparticles. Through UV-VIS spectrophotometry it was 

recorded that the peak was around 593 nm. The mean size of copper nanoparticles 

obtained using this method was around 35 to 75 nm. 

It has been studied by Pendashteh et al., (2013) a unique method to produce 

copper oxide nanoparticles by using sono-chemical assisted precipitation which was 

followed by the thermal treatment. Synthesized nanoparticles were anchored to the 

graphite nano-sheets by employing electrostatic co-precipitation. For the synthesis of 

copper oxide nanoparticles copper nitrate rehydrate was reduced by sodium hydroxide 

which was than subjected to ultrasonic radiation for one hour. The resulting green 

precipitates were washed several times and dried at 80° C for overnight. The particles 
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were further annealed at 300° C for one hour. The synthesized nanoparticles were 

subjected to different types of characterization techniques which revealed that these 

particles were in nano ranges. 

Vidya et al., (2013) presented a study which focuses on the production of zinc 

oxide nanoparticles by using a green approach. In this study zinc nanoparticles were 

synthesized by utilizing zinc nitrate and leaves extract of Calotropis gigantean. This is a 

simple, fast and eco-friendly method for the synthesis of zinc oxide nanocrystallites. 

Through different characterization method it was revealed thast the average size of zinc 

oxide nanoparticles was around 30 to 35 nm in size. Furthermore, through XRD it was 

also concluded that the zinc oxide crystals were hexagonal wurtzite. 

Bastús et al., (2014) described a technique in which highly monodisperse sodium 

citrate coated silver nanoparticle by following a kinetically controlled seeded growth 

method. Synthesized nanoparticles were of controlled size ranging from 10 nm to 200 

nm. In this method, the silver nanoparticles were synthesized by the reduction of silver 

nitrate using of montage of two chemicals. Traces of tannic acid was utilized for 

controlling the size of silver particles.to produce homogenous silver particles 

concentration of reducing agent, silver precursor to seed ratio, pH and temperature was 

adjusted accordingly.  This method produces narrow sized, long-term stable aqueous 

colloidal dispersions silver nanoparticles. 

Hydrothermal process was utilized by Ozel et al., (2015) in which iron oxide 

nanoparticles were prepared. Initially the nanoparticles were obtained by the co 

precipitation of ferric and ferrous chloride and these precipitates were than treated under 

hydrothermal conditions were for 1-120 hours at 160°C. After reaching the 12 hour the 

temperature was raised to 200° C. the produced particles were characterized using 

different techniques such as TEM and XRD. It was observed that with the increase in 

time the average size of iron nanoparticles increased, particle size increased from 14 

±4 nm to 74±9 nm as the time of reaction increased from 1-120 hours.       

 A green approach was used by Pourmortazavi et al., (2015) for the synthesis of 

silver nanoparticles. In this research the aqueous extract of Eucalyptus oleosa was reacted 
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with silver nitrate without the usage of any catalyst, surfactants or any template. Colloidal 

silver nitrate particles were synthesized by reacting aqueous silver nitrate solution with 

the leaves extract of Eucalyptus oleosa at non-photo mediated conditions. Furthermore, 

in this research time of reaction0, concentration silver nitrate and temperature were 

optimized after investigation. SEM, FT-IR, XRD and UV-VIS were the techniques which 

were employed for the characterization of these particles which showed that the average 

particle size of nanoparticles was around 21 nm. 

 It has been described by Suresh et al., (2015) a synthesis of zinc oxide 

nanoparticles by using a green approach. In this method extracts of aqueous Cassia 

fistula plant were used as a fuel in solution combustion synthesis. It was investigated that 

the extract contains reducing agents like polyphenols and flavonoids. The UV visible 

absorption of these particles was around 370 nm. Various other characterization tools 

were also employed and it was found out that the average crystallites size of the produced 

nanoparticles was around 5 to 15 nm and were found to have a hexagonal wurtzite 

structure.  

Khan et al., (2016) developed an improved method for the synthesis of copper 

nanoparticles. Through this method starch sheltered zero valent copper nanoparticles 

were synthesized. By utilizing reduction method copper sulphate was reduced using 

ascorbic acid (Vitamin C) as a reducing agent whereas starch was used as a capping 

agent. Furthermore, sodium hydroxide was also added with constant stirring at 80° C for 

2 hours. The obtained precipitates were washed several times with deionized water and 

ethanol and were dried. Through X-ray spectroscopy and utilizing Debye Scherrer 

formula the average size of these nanoparticles was about 28.73 nm. This low-cost 

method can be specially utilized to produce copper and copper oxide nanoparticles at 

large scale. 

A green method was researched by Kumar et al., (2017) for the synthesis of silver 

nanoparticles using Andean blackberry fruit extract. n eco-friendly and low-cost method 

for the synthesis of silver nanoparticles (AgNPs) using Andean blackberry fruit extracts 

as both a reducing and capping agent. The green synthesized AgNPs were characterized 
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by various analytical instruments like UV–visible, transmission electron 

microscopy (TEM), dynamic light scattering (DLS), X-ray diffraction (XRD) and Fourier 

transform infrared (FTIR) spectroscopy. The shape of synthesized nanoparticles was 

between 12-50 nm and had spherical shape.     

2.2 Administration and distribution of nanoparticles 

 Biological distribution and potential toxicity of magnetic nanoparticles 

administered to mice was evaluated by Kim et al., (2005). In this experiment, magnetic 

nanoparticles were over-coated with silica shell containing rhodamine B isothiocyanate. 

These silica shells were of controllable thickness. These silica coated magnetic 

nanoparticles were of 50 nm in thickness. These nanoparticles were administered using 

intraperitoneal cavity for four week into the mice. It was observed that the particles 

penetrated blood brain barrier without the mice showing an apparent toxicity. Even after 

four week of administration it was observed that these particles had no ostensible toxicity 

in mice thus demonstrating that these 50 nm magnetic nanoparticles had no toxic effects 

during this study. 

In vivo antitumor activity of chitosan nanoparticles was researched by Qi and Xu 

(2006) the in vivo antitumor activity of chitosan nanoparticles. Chitosan nanoparticles 

have been synthesized as potential anticancer agents, and evaluated, in vitro, against 

various cancer cell lines. in vivo antitumor activity of chitosan nanoparticles against 

Sarcoma-180 and mouse hepatoma H22 was investigated. Chitosan nanoparticles showed 

significant antitumor activity in vivo. The doses and particle size made a great effect on 

their efficacy. 

Kommareddy et al., (2007) researched the biodistribution and pharmacokinetic 

analysis of long‐circulating thiolated gelatin nanoparticles after the systemic 

administration in breast cancer‐bearing mice. The results showed preferential localization 

of thiolated nanoparticles in the tumor mass. The subsequent nanoparticulate systems 

with long circulation properties could be used to target encapsulated drugs and genes to 
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tumors passively by utilizing the enhanced permeability and retention effect of the tumor 

vasculature. 

 Biodistribution, clearance and biocompatibility of iron oxide nanoparticles in rats  

was reported by Jain et al., (2008). After the intravenous administration of these magnetic 

nanoparticles for 3 weeks, changes in blood serum and tissue iron levels were observed. 

To assess the effect of magnetic nanoparticles on the liver functioning alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (AKP) 

and total iron-binding capacity (TIBC) were conducted. Selected tissues were subjected 

to histopathological analysis to determine biocompatibility of MNPs. It was concluded 

from this experiment that MNPs did not cause long-term changes in the liver enzyme 

levels or induce oxidative stress and thus can be safely used for drug delivery and 

imaging applications. 

 Trouiller et al., (2009) experimented on titanium dioxide nanoparticles induced 

genetic instability in mice. This study investigated the titanium dioxide nanoparticles 

induced genotoxicity, inflammation and oxidative DNA damage. In this experiment 

nanoparticles were administered to wild-type mice through drinking water. DNA damage 

was estimated using comet assay, the micronuclei assay, and the γ-H2AX 

immunostaining assay and by measuring 8-hydroxy-2′-deoxyguanosine levels and, as a 

genetic instability endpoint, DNA deletions. From these test it was observed that these 

nanoparticles caused genotoxicity as well as inflammation.  

The effect of gold nanoparticles which were administered intravenously to rats 

were researched by Balasubramanian et al., (2010). In this experiment gold nanoparticles 

were intravenously administered to mice only one time and its effect was studied in 25 

organs on day 1, after 1 week, 1 month and after 2 month. It was observed that gold 

nanoparticles were accumulated in spleen and liver. These particles were present even 

after 2 months. After 1 month administration of nanoparticles accumulation in kidney and 

testes were seen also the level of gold decreased in feces and urine. After 2 months, the 

level of gold increased. Level of gold increased in lungs after the injection but decreased 

within a day. Accumulation of gold particles was not observed in brain. The results 
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demonstrated that the significant amount of gold was biodistributed over the period of 2 

months after the administration of single injection of gold nanoparticles. 

The effects of repeated administration of silver nanoparticles in mice were 

observed by Park et al., (2010). It was seen that there are many factors on which the 

toxicity of nanoparticles such as shape, chemical composition, surface area and surface 

charge. In this study nanoparticles of different sizes were used. In this experiment silver 

nanoparticles of size 22 nm, 42 nm and 71 nm were administered to the mice for 14 days 

at the rate of 1 mg/kg. It was observed that these particles were distributed to the organs 

like brain, lungs, liver, testes and kidneys. In comparison, large nanoparticles of 322 nm 

in size were not seen in these tissues. It was also observed that the levels of TGF-β in 

these tissues increased in case of smaller nanoparticles administration in comparison to 

the larger nanoparticles. It was resulted that the repeated administration of silver 

nanoparticles may induce organ toxicity and inflammatory response in mice 

 The effects of intravenously administered silica nanoparticles in mice were 

studied by Xie et al., (2010)  In this experiment, long term 30 days distribution of 

nanoparticles in tissue, subcellular distribution as well as toxicity caused by these 

particles was observed using radioactive counting, transmission electron microscopy, 

radiolabelling and histological analysis. The results showed that the silica nanoparticles 

were mainly accumulated in spleen, liver and lungs and these particles retained in the 

tissues of mice for over the duration of 30 days due to the endocytosis by macrophages. 

These particles cause lungs injury when are intravenously injected. 

 Akhtar et al., (2011) described the effects effect of curcumin bound chitosan 

nanoparticles on Plasmodium yoelii infected mice. Curcumin is a chemical found in 

turmeric. These curcumin coated chitosan nanoparticles were orally administered to 

Plasmodium yoelii infected mice. When these particles are administered orally, 

bioavailability of these particles in plasma and RBCs increases. Mice infected with 

Plasmodium yoelii infection died between 8 and 9 days. Feeding them chitosan 

nanoparticles alone made them survive for 5 days longer. Administration 1 mg of native 
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curcumin lead to the survival of one third of the mice while administration of 1 mg of 

curcumin bounded chitosan particle lead to the survival of every mice.  

 The clearance and tissue biodistribution of zinc oxide nanoparticles when 

administered to the mice was reported by Li et al., (2012) in this experiment the mice 

were orally and intravenously injected zinc oxide nanoparticles at 2.5 g/kg. It was 

observed that these particles were absorbed into the circulation within the 30 minutes of 

administration, then these particles were bio distributed to spleen, liver and kidney. In 

comparison, the zinc oxide particles injected intravenously remained in the blood for 72 

hours and were more effectively distributed into the lungs, heart and testes. Whereas the 

clearance of zinc oxide nanoparticles which were fed orally began after 6 hours. It was 

observed that the large number of zinc oxide nanoparticles caused histopathological 

lesions in the liver. In vitro test was also conducted which showed that the superoxide 

generation and cytotoxicity was also showed with zinc oxide particles above 20 μg/mL. 

Comparing the both studies it was observed that the administration of zinc oxide 

nanoparticles showed acute liver toxicity in compliance with absorption, biodistribution, 

and clearance. 

 It has been researched by Hirst et al., (2013) bio‐distribution and in 

vivo antioxidant effects of cerium oxide nanoparticles in mice.  Nanoceria administered 

to mice perorally (PO), intravenously (IV), or intraperitoneally (IP) by dosing animals 

weekly for 2 or 5 weeks with 0.5 mg kg−1 nanoceria. From results it was estimated that 

most extensive and cumulative nano‐deposition was via IV and IP administered while PO 

administration showed mice excreted greater than 95% of their nanoceria within 24 h. 

Elimination for all administration routes was through feces. Nanoceria administration 

showed no overt toxicity, however, WBC counts were elevated with IV and IP 

administration. It was also noted that nanoceria administered along with N‐acetyl cystine 

(NAC), a common therapeutic to reduce oxidative stress showed reduced ROS indicating 

a useful antioxidant treatment for oxidative stress.  

 \ Pu et al., (2014) devised a method in which a semiconducting polymer 

nanoparticles which was used as a photoacoustic molecular imaging probes in living 
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mice. These semiconducting polymer nanoparticles possessed strong resistance, structural 

flexibility and narrow photoacoustic spectral to photodegradation and oxidation which 

enables them as a probe for in vivo real-time imaging of reactive oxygen species—vital 

chemical mediators of many diseases. 

 It has been researched by Park et al., (2015) a 13-week repeated-dose oral toxicity 

and bioaccumulation of aluminum oxide nanoparticles in mice. This study evaluated the 

the toxicity of aluminum oxide nanoparticles (AlNPs, rod-type, 1.5, 3, and 6 mg/kg) after 

oral administration to mice for 13 weeks. The group treated with 6 mg/kg AlNPs also 

showed a marked elevation in the count of white blood cells that associated with a 

significant decrease and increase to the proportion of eosinophils and lymphocytes, 

respectively. Moreover, AlNPs showed the highest accumulation in the liver and kidneys 

compared with the control group, increased the lactate dehydrogenase level in the blood, 

and induced the development of a pathological lesion in the liver and kidneys. 

Zanganeh et al., (2016) reported that iron oxide nanoparticles inhibit tumour 

growth by inducing pro-inflammatory macrophage polarization in tumour tissues. This 

experiment evaluated the ntrinsic therapeutic effect of ferumoxytol on the growth of early 

mammary cancers, and lung cancer metastases in liver and lungs. In vitro, 

adenocarcinoma cells co-incubated with ferumoxytol and macrophages showed increased 

caspase-3 activity. Macrophages exposed to ferumoxytol displayed increased mRNA 

associated with pro-inflammatory Th1-type responses. In vivo, ferumoxytol significantly 

inhibited growth of subcutaneous adenocarcinomas in mice. In addition, intravenous 

ferumoxytol treatment before intravenous tumour cell challenge prevented development 

of liver metastasis. 

The effect of oral administration of nano-encapsulated quercetin on a mouse 

model of Alzheimer’s disease were observed by Puerta et al., (2017). The clinical 

application of quercetin is vulnerable by its low oral bioavailability. The aim of this work 

was to evaluate the proficiency of nanoencapsulated quercetin in zein nanoparticles 

(NPQ) that significantly improves the oral absorption and bioavailability of the flavonoid, 

as potential oral treatment for AD. For this purpose, SAMP8 mice were orally treated for 
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two months with either NPQ (25 mg/kg every 48 h) or a solution of quercetin (Q; 

25 mg/kg daily). NPQ displayed a size of 260 nm and a payload of about 70 μg/mg. For 

Q, no significant effects were observed in animals. Oral administration of NPQ improved 

the cognition and memory impairments characteristics of SAMP8 mice. These 

observations appeared to be related with a decreased expression of the hippocampal 

astrocyte marker GFAP. Furthermore, significant levels of quercetin were quantified in 

the brain of mice treated with nanoparticles. 
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3. MATERIALS AND METHODS 

3.1 Chemicals 

 All the chemicals utilized in this research work were of analytical grade unless 

mentioned otherwise. 

3.2 Synthesis of Nanoparticles 

 Different methods were utilized in the preparation of following nanoparticles 

3.2.1 Synthesis of Zinc oxide nanoparticles 

 Method devised by (Becheri et al., 2008) was followed with some modification. 

Zinc oxide nanoparticles were prepared by making two solutions in de-ionized water. The 

first solution was 0.5 M NaOH in 50 ml of de-ionized water. The second solution was 0.5 

M of ZnCl2 in 50 ml of de-ionized water. Solution of 0.5 M NaOH was slowly added into 

the 0.5 M ZnCl2 solution under vigorous stirring using a magnetic stirrer. Air was used as 

a medium during the reaction. The pH of the reaction was being monitored. The reaction 

was stopped when the pH of the solutions reached 11. The obtained precipitates were 

filtered and washed three times using de-ionized water. These precipitates were heated at 

300° C for about 5 hours. After heating the powder was grinded using mortar and pestle 

grinder. After fine grinding the obtained particles were ZnO nanoparticles. 

    

3.2.2 Synthesis of Iron oxide nanoparticles 

 Iron oxide nanoparticles were synthesized by co precipitation method in which 

ferric chloride and ferrous chloride were used. Two solution were prepared in de-ionized 

water for this reaction. (1) 12 g of FeCl2 and 24 g of FeCl3 were dissolved on 50 ml of 

de-ionized water by using a magnetic stirrer. (2) 8.5 M of NaOH solution was prepared in 

50 ml of de-ionized water. Sodium hydroxide solution was slowly added onto the ferric 

and ferrous chloride mixture under vigorous stirring. This reaction was carried out in 

almost 1 hour. The paste obtained was washed several times with distilled water and was 

filtered. This paste was calcined at 100° C for whole night. The powder obtained was 

grinded using mortar and pestle grinder. Particles obtained were stored in a falcon tube 

(Karaagac and Kockar 2012) 
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3.2.3 Synthesis of Silver oxide nanoparticles 

 Method developed by (Song et al., 2009) was utilized with little modification. 

Silver oxide nanoparticles were synthesize using a reduction method in which firstly 0.1 

M of silver nitrate solution was prepared in 100 ml of de-ionized water. Secondly 0.1 M 

of sodium borohydride solution was prepared in 100 ml of de-ionized water. Sodium 

borohydride solution was drop wise added to the solution of silver nitrate under vigorous 

stirring using a magnetic stirrer. Precipitates of silver oxides will start forming in the 

flask. This reaction was carried out until the pH of the solution reached 11. These 

precipices were filtered out and were washed several times using distilled water. These 

precipitates were calcined at 100° C for 2 hours. The nanoparticles obtained were stored 

in a falcon tube. 

 

3.2.4  Synthesis of Copper oxide nanoparticles 

 Chemical reduction method was used to produce copper oxide nanoparticles. 

Copper sulphate was used as a precursor salt. First 1.2 % of starch solution was made in 

120 ml of de-ionized water. 0.1 M of Copper sulphate solution was prepared in that 1.2 % 

starch solution. Secondly 0.2 M of ascorbic acid solution was prepared in 50 ml of de-

ionized water. This solution of ascorbic acid was slowly added to the first solution under 

vigorous continuous stirring. After that 1 M NaOH is prepared in 30 ml of de-ionized 

water which drop wise added into the main solution under vigorous stirring and 80°C 

temperature for 2 hours. The colour of the solution turns from yellow to ochre which 

indicates the synthesis of copper nanoparticles. The particles obtained are filtered out and 

washed several times with water and ethanol. The particles obtained were dried at room 

temperature (Khan et al., 2016) 

 

3.2.5 Synthesis of Turmeric nanoparticles 

 Method for the synthesis of turmeric nanoparticles is being subjected for a patent 

therefore is not stated. 
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3.2.6  Synthesis of Garlic nanoparticles 

 Method for the synthesis of garlic nanoparticles is being subjected for a patent 

therefore is not mentioned.   

 

3.2.7  Synthesis of Cinnamon nanoparticles 

 Method for the synthesis of cinnamon nanoparticles is being subjected for a patent 

therefore is not specified. 

 

3.2.8 Oil mixed nanoparticles 

 Garlic and turmeric nanoparticles were converged with oil at different 

concentration. Method is not stated due to patent’s concerns. 

 

3.3 Characterization of NPs 

 Different characterization techniques were utilized for the evaluation and 

verification of NPs. XRD (X-Ray Diffraction) in COMSATS Islamabad was utilized 

for determining the atomic and molecular structure of nanoparticles. SEM (scanning 

electron microscope) and EDS (Energy-dispersive X-ray spectroscopy) in NUST 

(National University of Science and Technology) was utilized. SEM was used for the 

verification of particle size, structure and morphology. EDS was used for the elemental 

analysis of the samples.  

 

3.4  Synthesis of MSU (Mono Sodium Urate) crystals 

 Mono sodium urate crystals were synthesized using uric acid and sodium 

hydroxide was used. 1.68 g of uric acid was added into a solution containing 0.001 M 

NaOH. The solution was heated to 70° C. The pH of the solution was kept between 7.1 

and 7.2. NaOH solution or hydrochloric acid was added as required to maintain the pH. 

The solution was continuously stirred at room temperature. The solution was left at room 

temperature for 24 hours. The crystals were obtained by discarding the supernatant. 
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These obtained crystals were washed several time with distilled water and were dried. 

These crystals were stored in vials. These needle shaped crystals were further studied 

under a microscope. 

 

3.5 Animal model 

 Balb/C mice, 25-30g, of either sex were obtained from National institute of health 

(NIH) Islamabad, Pakistan. The experimental protocol was approved by departmental 

ethics committee of IIUI (Letter No. IIU (BI&BT)/FBAS-IBBC-2015-4). This 

experiment was conducted in the animal house of NIH. These animals were treated and 

cared for in accordance with the guidelines recommended by the NIH. The experimental 

protocol was approved by departmental ethics committee of IIUI. Mice were acclimatized 

for a week in a light and temperature –controlled room with a 12-hour dark-light cycle 

and fed with commercial pelleted feed from NIH and water was freely available to mice. 

 

3.6 Groups Formation 

 The mice were divided into 24 groups with 6 mice in each group. Among which 

20 groups were experimental. Group 0 contained normal mice while Group 1 consisted of 

MSU crystals induced gouty mice which were considered as negative control. Group 26 

and 27 were positive control in which mice were treated with allopurinol. All the groups 

and their treatment can be seen in table 3.6. 
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Table 3.1  All the groups and their Treatment 

Sr. No. Groups       Treatment 

1. Normal mice Normal mice were not subjected to any 

treatment  

2. Group 1  MSU induced gouty mice (Negative 

control)  

3. Group 2 Gouty mice  were orally administered with 

5 ppm of AgO NPs 

4. Group 3 Gouty mice were orally  administered with 

10 ppm of AgO NPs 

5. Group 4 Gouty mice were orally  administered with 

20 ppm of AgO NPs 

6. Group 5 Gouty mice were orally  administered with 

5 ppm of ZnO NPs 

7. Group 6  Gouty mice were orally  administered with 

10 ppm of ZnO NPs 

8. Group 7  Gouty mice were orally  administered with 

20 ppm of ZnO NPs 

9. Group 8 Gouty mice were orally  administered with 

5 ppm of CuO NPs 

10. Group 9 Gouty mice  were orally administered with 

10 ppm of CuO NPs 

11. Group 10 Gouty mice  were orally administered with 

20 ppm of CuO NPs 

12. Group 11 Gouty mice were orally  administered with 
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5 ppm of FeO NPs 

13. Group 12 Gouty mice  were orally administered with 

10 ppm of FeO NPs 

14. Group 13 Gouty mice  were orally administered with 

20 ppm of FeO NPs 

15. Group 14 Gouty mice were orally administered with 5 

ppm of Turmeric NPs 

16. Group 15 Gouty mice  were orally administered with 

10 ppm of Turmeric NPs 

17. Group 16 Gouty mice were orally  administered with 

20 ppm of Turmeric NPs 

19. Group 17 Gouty mice were orally  administered with 

5 ppm of Garlic NPs 

20. Group 18 Gouty mice were orally  administered with 

10 ppm of Garlic NPs 

21. Group 19 Gouty mice were orally  administered with 

20 ppm of Garlic NPs 

22. Group 20 Gouty mice were orally  administered with 

5 ppm of Cinnamon NPs 

23. Group 21 Gouty mice were orally administered with 

10 ppm of Cinnamon NPs 

24. Group 22 Gouty mice  were orally administered with 

20 ppm of Cinnamon NPs 

25. Group 23 Gouty mice were locally administered with 

5 ppm of Turmeric NPs-oil  

26. Group 24 Gouty mice were locally administered with 

50 mg/body weight of Garlic NPs-oil 
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3.7 Induction of Gouty Arthritis in mice 

 MSU crystals were used to induce Gouty Arthritis in mice. MSU crystals were 

administered to mice by two methods. First, MSU was intra articularly injected on the left 

ankle of mice by the interval of one day for 3 weeks. Intra articularly injected 

administration of MSU was discontinued after which MSU was administered to mice by 

injecting into the intra peritoneal cavity for 2 weeks. Blood samples were regularly taken 

to check the uric acid levels in mice. Swelling or inflammation of ankles were measured 

using Vernier caliper. 

 

3.8 Administration of NPs 

3.8.1 Oral Administration 

 Different dilutions of NPs were created by dissolving them in water using a 

sonicator. 5, 10 and 20 ppm solution were created of CuO, ZnO, FeO, AgO, turmeric and 

garlic NPs. These NPs were administered orally by substituting normal water with NPs 

solution. These nanoparticles were administered for three weeks after the induction of 

gout in mice. 

 

3.8.2 Localized Administration 

27.           Group 25 Gouty mice were locally administered with 

100 mg/body weight of Garlic NPs-oil 

28. Group 26  Gouty mice were orally administered with 

50 mg/body weight body weight of 

Allopurinol (Positive control 1) 

29. Group 27  Gouty mice were orally administered with 

100 mg/body weight of Allopurinol 

(Positive Control 2) 
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 Garlic oil and turmeric oil NPs were locally applied once a day on the affected 

area. Different dilutions of these nanoparticles were applied for about three weeks. 

      

3.9 Preformed Practices 

 Various practices were preformed some were on the regular basis while other 

were preformed weekly or once in a month. Table 3.9 shows the preformed practices. 

 

 

 

     Table 3.2 Preformed Practices during animal modelling 

Sr. No. Timing of 

Practice 

Practice Performed 

1. Daily Feeding 

Watering 

Disease conditions and mortalities 

2. Weekly Data collection regarding blood uric acid level and 

measurement of ankle inflammation  

3. After Gout 

induction in 

mice 

NPs Administration 

Sampling 

Data collection 

  

3.10 Sampling 
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 Blood samples were collected many times for measuring uric acid level during the 

experiment. At the end of the experiment blood was collected from all the mice for 

biochemical tests. At the end of experiment mice were sacrificed and their muscle and 

liver samples were collected and stored in 10 % formalin solution for histology.   

  

3.11 Preformed Tests 

 At the end of the experiment blood samples of all the mice were collected and 

following tests were performed and are mentioned in table 3.11. ` 

     

Table 3.3 Preformed tests 

 

   

 

 

 

 

 

 

 

 

 

 

3.11.1 Renal function Tests 

 Renal function tests involved testing blood urea, creative and uric acid. These 

tests are used to determine the functioning of kidney. In our research, serum uric acid 

level directly relates to the hyperuricemia and gout.  

 

 

Sr. No. Test Description 

1 Renal Function Test Urea 

Creatinine 

Uric Acid 
 

2. Liver Function Test ALT (SGPT) 

AST (SGOT) 

Total bilirubin 

Alkaline Phosphatase 
 

3. Lipid Profile  Cholesterol 

HDL 

LDL 

Triglycerides 
 

4. Blood Count WBCs Count 

RBCs Count 

Haemoglobin 

Platelet Count 
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3.11.2 Liver function Tests 

 Liver function test involved testing alanine transaminase (ALT) in blood serum, 

aspartate transaminase (AST) in blood serum, total bilirubin in blood and alkaline 

phosphates in serum. Liver function tests also known as liver enzymes tests are 

conducted to determine the functioning of liver. 

 

3.11.3 Lipid profile 

 Lipid profile involved testing cholesterol, HDL, LDL and triglycerides. These 

tests were conducted due to the relation of hyperuricemia and onset of cardiovascular 

diseases and diabetes. 

 

3.11.4 Blood Count 

 Blood count involved testing haemoglobin, WBCs, RBCs and platelet count. 

During gouty arthritis inflammation of a joint causes an increase in WBCs count. These 

tests were performed to analyses gouty arthritis in mice. 
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 RESULTS 

4 Characterization of Nanoparticles 

 Synthesized nanoparticles were characterized by three techniques such as X-Ray 

diffraction (XRD), Scanning electron microscopy (SEM) and Energy Dispersive X-ray 

spectroscopy (EDS). 

4.1 X-Ray diffraction (XRD) 

 XRD of synthesized particles was carried out in COMSATS Islamabad. 

4.1.1 XRD of Zinc Oxide Nanoparticles 

 XRD analysis of synthesized Zinc oxide nanoparticles showed several peaks at the 2θ of 

x-axis, which can observed in Fig 4.1. The intense peak at 2θ of 36.1810 ° corresponding to the 

anatase phase represented the synthesized nanocrystals. By using Debye-Scherrer equation the 

average size of the zinc oxide NPs was calculated. The average particle size was around 37 nm. 

Debye-Scherrer equation         
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Fig 4.1  X-ray diffraction pattern of zinc oxide nanoparticles 

 

4.1.2 XRD of Iron Oxide Nanoparticles 

 XRD of FeO NPs synthesized using co-precipitation showed several Bragg reflection at 2 

θ of x-axis at different Bragg angles which can be observed in Fig 4.2 and Table 4.2. The intense 

peak around the 2 θ of 31.4878 corresponding to the relevant intensity indicated the synthesized 

nanomaterial. The average size was 48.73 nm which was calculated using Debye-Scherrer 

equation. 
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Fig 4.2  X-ray diffraction pattern of iron oxide nanoparticles 

 

4.1.3 XRD of Silver Oxide Nanoparticles 

 XRD analysis of Silver oxide NPs revealed few peaks at the 2θ of x-axis at different 

Bragg angles which can be observed in Fig 4.3 and Table 4.3.  The highest peak around the 2 θ 

of 38.1538° indicated the synthesized nanoparticle. Debye-Scherrer equation was utilized for the 

calculation of average size of particle which was around 36.48 nm. 
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Fig 4.3  X-ray diffraction pattern of silver oxide nanoparticles 

 

4.1.4 XRD of Copper Oxide Nanoparticles 

 The XRD analysis showed highest peak at 36.043° of 2θ at x-axis corresponding to the 

intensity of 941 indicated the presences of turmeric particles. Debye-Scherrer equation was 

utilized to calculate the size of these particles. It was calculated to be around 45 nm. 
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Fig 4.4  X-ray diffraction pattern of copper oxide nanoparticles 

 

4.1.5 XRD of Turmeric Nanoparticles 

 The XRD analysis showed highest peak at 26.7176° of 2θ at x-axis corresponding to the 

intensity of 327 indicated the presences of turmeric particles. Debye-Scherrer equation was 

utilized to calculate the size of these particles. It was calculated to be around 36.12 nm. 
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Fig 4.5  X-ray diffraction pattern of turmeric nanoparticles 

 

4.1.6 XRD of Garlic Nanoparticles 

 The XRD analysis showed highest peak at 20.918° of 2θ at x-axis corresponding to the 

intensity of 526 indicated the presences of turmeric particles. Debye-Scherrer equation was 

utilized to calculate the size of these particles. It was calculated to be around 52 nm. 
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Fig 4.6  X-ray diffraction pattern of garlic nanoparticles 

 

4.1.7 XRD of Cinnamon Nanoparticles 

 XRD of cinnamon particles showed several peaks at the 2θ x-axis at different Bragg 

angles which can be observed in Fig 4.7. Among these peak the highest peak recorded was at the 

24.2862° of 2θ which represented the synthesized particle. The average size of these particles 

was calculated using Debye-Scherrer formula from which it was calculated to be around 47.94 

nm. 
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Fig 4.7  X-ray diffraction pattern of cinnamon nanoparticles 

 

4.2 Scanning electron microscopy (SEM) analysis 

 Scanning electron microscopy (SEM) was used to analyse the shape, size and 

morphology of synthesized particles. SEM was conducted using TESCAN VEGA 3. 

4.2.1 SEM of Zinc Oxide Nanoparticles 

 SEM analysis of Zinc oxide nanoparticles showed that the synthesized zinc oxide 

particles seem to be spherical but due to high surface energy, these particles seem to be 

aggregated. The mean diameter of these particles was calculated to be around 47 nm. 
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                    Fig 4.8  SEM image of zinc oxide nanoparticles  

4.2.2 SEM of Iron Oxide Nanoparticles 

 SEM analysis of FeO nanoparticles showed that these synthesized particles were 

spherical in shape. A little agglomeration was also seen in these particles. The mean diameter 

calculated for these particles was 54 nm. 
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                        Fig 4.9  SEM image of Iron oxide nanoparticles  

   

4.2.3 SEM of Silver Oxide Nanoparticles 

 SEM analysis of silver oxide nanoparticles revealed that the synthesized particles were in 

nano ranges and they were also agglomerated. The shape of these particles was slightly spherical 

and the particles were highly packed with each other. Diameter measurement showed that the 

diameter of these particles ranged between 40 nm to 70 nm. 
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             Fig 4.10 SEM image of silver oxide NPs 

4.2.4 SEM of Copper Oxide Nanoparticles 

 SEM analysis of Copper oxide nanoparticles revealed that the synthesized particles were 

in nano ranges and they were also agglomerated. The shape of these particles was slightly 

spherical and the particles were tightly packed with each other. Diameter measurement showed 

that the diameter of these particles ranged between 30 nm to 50 nm.  
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             Fig 4.11 SEM image of copper oxide NPs  

 

4.2.5 SEM of Turmeric Nanoparticles 

 SEM analysis of turmeric nanoparticles showed that these particles were slightly 

spherical in shape and were tightly packed with each other. The mean diameter of these particles 

was calculated to be 46 nm. 
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         Fig 4.12  SEM image of Turmeric nanoparticles  

 

4.2.6 SEM of Garlic Nanoparticles 

 SEM analysis of garlic nanoparticles showed that these biological particles were tightly 

packed with each other and were in nano ranges. The mean diameter of these particles was 

calculated to be 62 nm. 
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                Fig 4.13 SEM image of Garlic nanoparticles  

 

4.2.7 SEM of Cinnamon Nanoparticles 

  SEM analysis of cinnamon nanoparticles showed that these biological particles were 

relatively large in comparison to other biological molecules nonetheless they were in nano 

ranges. SEM showed that these particles were in nano ranges. The diameter of these particles 

was around 250 nm. 
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       Fig 4.14 SEM image of cinnamon nanoparticles 

 

4.3 Energy dispersive X-ray spectroscopy (EDS) analysis 

 Energy dispersive X-ray spectroscopy (EDS) was performed using TESCAN VEGA 3. It 

was used to characterize the type of particle synthesized. 

4.3.1 EDS of Zinc Oxide Nanoparticles 

Energy dispersive X-ray spectroscopy of ZnO particle revealed that the amount of zinc 

and oxygen present were in acceptable amounts. Traces of carbon were also seen. EDS analysis 

can be better understood by observing the Fig 4.16. 
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    Fig 4.15 Spectrum from where the EDS analysis of ZnO  

NPs was carried out 

 

  

 

 

 

 

 

 

 

Fig 4.16 Energy-dispersive X-ray spectroscopy spectrum of Zinc oxide nanoparticles 
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Energy dispersive X-ray spectroscopy of ZnO nanoparticle can be better understood by 

observing Table 4.1. 

Table 4.1 Elements constituting Zinc oxide nanoparticles  

Element Weight % Atomic% 

C  9.43 20.62 

O  34.67 56.92 

Zn 55.90 22.46 

Total 100 100 

 

4.3.2 EDS of Iron oxide Nanoparticles 

 Energy dispersive X-ray spectroscopy of ZnO particle revealed that the amount of iron 

and oxygen was up to the required standard. Traces of sodium and chloride were also present. 

The EDS analysis can be better understood using Fig 4.18 
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   Fig 4.17 Spectrum from where the EDS analysis of FeO NPs was 

  carried out 
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   Fig 4.18 Energy-dispersive X-ray spectroscopy spectrum of iron oxide nanoparticles 

Energy dispersive X-ray spectroscopy of FeO nanoparticle can be further understood by 

observing Table 4.2. 

Table 4.2 Elements constituting iron oxide nanoparticles 

Element Weight % Atomic% 

O 52.81 78.91 

Na 0.58 0.60 

Cl 2.20 1.48 

Fe 44.41 19.01 

Total 100 100 
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4.3.3 EDS of Silver oxide nanoparticles 

 Energy dispersive X-ray spectroscopy of FeO particle revealed that the amount of silver 

and oxygen present were in acceptable amounts. Traces of carbon and chloride were also seen. 

EDS analysis can be better understood by observing the Fig 4.20. 

    

  

 

 

 

 

 

 

 

 

Fig 4.19 Spectrum from where the EDS analysis of AgO NPs was 

  carried out 
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Fig 4.20 Energy-dispersive X-ray spectroscopy spectrum of silver oxide nanoparticles 

Energy dispersive X-ray spectroscopy of AgO nanoparticle can be further understood by 

observing Table 4.3. 

Table 4.3 Elements constituting silver oxide nanoparticles 

Element Weight % Atomic% 

C 8.27 28.55 

O 14.36 37.2 

Cl 5.76 6.73 

Ag 71.61 27.52 

Total 100 100 

 

 



CHAPTER 4                                                                                                         RESULTS 
 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment                 

  70 
 

4.3.4 EDS of Copper oxide nanoparticles 

Energy dispersive X-ray spectroscopy of CuO particle revealed that the amount of copper 

and oxygen present were in acceptable amounts. Traces of carbon were also seen. EDS analysis 

can be better understood by observing the Fig 4.22. 

 

 

 

 

 

 

 

 

 

 

 

                      Fig 4.19  Spectrum from where the EDS analysis of CuO NPs was 

  carried out 
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Fig 4.22 Energy-dispersive X-ray spectroscopy spectrum of copper oxide nanoparticles 

Energy dispersive X-ray spectroscopy of CuO nanoparticle can be further understood by 

observing Table 4.4. 

Table 4.4 Elements constituting copper oxide nanoparticles 

Element Weight % Atomic% 

C 18.52 39.32 

O 23.47 37.41 

Cu 58.01 23.28 

Total 100 100 

 

 



CHAPTER 4                                                                                                         RESULTS 
 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment                 

  72 
 

4.3.5 EDS of Turmeric nanoparticles 

Energy dispersive X-ray spectroscopy of Turmeric particle revealed the amount of 

different elements which constitute the turmeric molecule. EDS analysis can be better 

understood by observing the Fig 4.24. 

 

 

 

 

 

 

 

 

 

 

 

                      

          Fig 4.23  Spectrum from where the EDS analysis of 

 turmeric NPs was carried out 
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Fig 4.24 Energy-dispersive X-ray spectroscopy spectrum of turmeric nanoparticles 

Energy dispersive X-ray spectroscopy of Turmeric nanoparticle can be further understood by 

observing Table 4.5. 
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Table 4.5 Elements constituting turmeric nanoparticles 

Element Weight % Atomic% 

C 46.65 71.55 

O 13.57 15..63 

Al 0.53 0.36 

P 1.27 0.75 

S 0.02 0.01 

Cl 4.17 2.17 

Zn 33.79 9.52 

Total 100 100 

 

 

4.3.6 EDS of Garlic nanoparticles 

 Energy dispersive X-ray spectroscopy of garlic particle revealed the amount of different 

elements which constitute the garlic molecule. EDS analysis can be better understood by 

observing the Fig 4.26 
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                      Fig 4.25  Spectrum from where the EDS analysis of Garlic NPs was 

  carried out 
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Fig 4.26 Energy-dispersive X-ray spectroscopy spectrum of garlic nanoparticles 

Energy dispersive X-ray spectroscopy of Garlic nanoparticle can be further understood by 

observing Table 4.6. 

Table 4.6 Elements constituting garlic nanoparticles 

Element Weight % Atomic% 

C 66.24 73.01 

O 31.62 26.16 

Si 0.17 0.08 

S 1.02 0.42 

K 0.96 0.32 

Total 100 100 
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4.3.7 EDS of Cinnamon nanoparticles 

 Energy dispersive X-ray spectroscopy of cinnamon particle revealed the amount of 

different elements which constitute the cinnamon molecule. EDS analysis can be better 

understood by observing the Fig 4.27. 

 

 

 

 

 

 

 

 

Fig 4.27 Energy-dispersive X-ray spectroscopy spectrum of cinnamon nanoparticles 

Energy dispersive X-ray spectroscopy of cinnamon nanoparticle can be further understood by 

observing Table 4.7. 
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Table 4.7 Elements constituting cinnamon nanoparticles 

Element Weight % Atomic% 

O 89.63 95.56 

K 2.15 0.94 

Ca 8.22 3.5 

Total 100 100 

 

4.4 Induction of Gouty arthritis in mice 

 Induction of gouty arthritis in mice was achieved by injecting MSU crystals intra 

articularly injected on the left ankle of mice by the interval of one day for 3 weeks. Intra 

articularly injected administration of MSU was discontinued after which MSU was administered 

to mice by injecting into the intra peritoneal cavity for 2 weeks. From digital Vernier caliper 

swelling of mice lefts ankle was observed and it was seen that there was a significant increase in 

the swelling of ankle thus indicating gouty arthritis. Figure 4.28 shows the ankle before and after 

the induction of MSU crystals. 
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Fig 4.28 Ankle diameter before and after the induction of MSU crystals (A) before the 

induction of MSU crystals the diameter is 2.88 mm (B) After the induction the 

diameter is 5.20 mm 

4.5 Blood Biochemical Analysis  

 After the administration of nanoparticles for 3 weeks to the gouty mouse at the end of the 

experiment before sacrificing mice blood samples were extracted. Several biochemical tests were 

performed such as Liver function test, renal function test, blood CP and Lipid profile. Following 

are the different biochemical analysis of all the groups. 

4.6 Renal Function Test 

 Renal function tests (RFTs) involved tests such as blood urea, creatinine and uric acid. 

RFTs of each experimental groups are given below. 

4.6.1 RFTs of mice administered with AgO NPs 

  Results of RFTs of Group 2 indicated that 5 ppm AgO NPs had a positive effect in 

treating gout. It was observed that the uric acid levels were even lower in comparison to the 
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positive control indicating their effectivity. Furthermore, even blood urea levels were 

significantly lowered in comparison to positive control. Results of RFTs of Group 3 were similar 

to Group 2. 10 ppm AgO NPs had a very significant effect in decreasing the uric acid and blood 

urea. Creatinine was also lowered thus indicating the effectiveness of 10 ppm AgO NPs in the 

treatment of gout. RFTs result of Group 4 administered with 20 ppm of FeO NPs showed that 

they were effective in lowering the uric acid, blood urea and creatinine of gouty mice thus were 

effective in treating gout. Result of RFTs of mice administered with AgO NPs can be seen in 

table 4.8. Fig 4.29 shows the graphical comparison of RFTs of mice administered with AgO 

NPs. 
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Table 4.8 table shows the results of renal function tests of mice administered with AgO NPs 

Group Uric Acid   

mg/dl 

Blood Urea 

mg/dl                           

Creatinine   

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 2 (5 ppm AgO NPs) 

Group 3 (10 ppm AgO NPs) 

Group 4 (20 ppm AgO NPs) 

1.80 ± 0.3098* 

2.00 ± 0.8944* 

2.017 ± 0.3430* 

22.00 ± 1.789* 

22.00 ± 1.673* 

25.00 ± 2.098* 

0.567 ± 0.1033* 

0.600 ± 0.2530 * 

0.433 ± 0.1211 * 

Allopurinol 50 mg/kg  

 (Positive Control 1) 

Allopurinol 100 mg/kg  

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.29 Graphical comparison of RFTs  of mice admnistered with AgO NPs in which (A) 

is Uric Acid (B) is Blood urea and (C) is Creatinie  
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4.6.2 RFTs of mice administered with ZnO NPs 

 RFTs results of mice administered with 5 ppm of ZnO NPs showed that uric acid, blood 

urea and creatinine levels were significantly lowered. The results were even better than the 

positive control. RFTs results of Group 6 administered with 10 ppm ZnO NPs indicated that they 

decreased the uric acid, creatinine and blood urea values considerably. Decrease in creatinine 

value was lower in comparison to Group 5 however, was significant in comparison to negative 

control. RFTs of Group 7 mice administered with 20 ppm of ZnO NPs shows that they were 

highly effective in lowering the uric acid and blood urea. Although, creatinine levels were almost 

same as the normal mice.  Result of RFTs of mice administered with ZnO NPs can be seen in 

table 4.9. Fig 4.30 shows the graphical comparison of RFTs of mice administered with ZnO NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 4                                                                                                         RESULTS 
 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment                 

  84 
 

Table 4.9 table shows the results of renal function tests of mice administered with ZnO NPs 

Group Uric Acid   

mg/dl 

Blood Urea 

mg/dl                           

Creatinine   

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 5 (5 ppm ZnO NPs) 

Group 6 (10 ppm ZnO NPs) 

Group 7 (20 ppm ZnO NPs) 

2.00 ± 0. 8944 * 

2.50 ± 0.7071* 

2.267 ± 0.1633* 

18.00 ± 0.894* 

26.00 ± 4.000* 

18.67 ± 2.066* 

0.400 ± 0.2280 * 

0.900 ± 0.1414 * 

0.600 ± 0.0894* 

Allopurinol 50 mg/kg 

(Positive Control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.30 Graphical comparison of RFTs  of mice administered with ZnO NPs in which (A) 

is Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.3 RFT of mice administered with CuO NPs 

 RFTs of Group 8 treated with 5 ppm CuO NPs showed that uric acid, blood urea and 

creatinine were significantly lowered in comparison to negative control and normal mice. RFTs 

of Group 9 administered with 10 ppm of CuO NPs presented that uric acid and blood urea were 

significantly decreased. However, creatinine was slightly higher than normal mice but it was still 

lower than negative control. RFTs of Group 10 administered with 20 ppm CuO NPs were similar 

to the Group 9. Uric acid and blood urea were significantly decreased while creatinine was 

slightly decreased. Result of RFTs of mice administered with CuO NPs can be seen in table 4.10. 

Fig 4.31 shows the graphical comparison of mice administered with CuO NPs.  
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Table 4.10 Table shows the results of renal function tests of mice administered with CuO 

NPs 

Group Uric Acid   

mg/dl 

Blood Urea 

mg/dl                           

Creatinine   

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 8 (5 ppm CuO NPs) 

Group 9 (10 ppm CuO NPs) 

Group 10 (20 ppm CuO NPs) 

2.500 ± 0.5477* 

2.500 ± 0.5477* 

2.167 ± 0.0816* 

31.00 ± 4.733* 

26.00 ± 4.243* 

18.00 ± 1.789* 

0.500 ± 0.1265 * 

0.900 ± 0.1673* 

0.600 ± 0.0894* 

Allopurinol 50 mg/kg 

(Positive control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.31 Graphical comparison of RFTs  of of mice administered with CuO NPs 

  in which (A) is Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.4 RFTs of mice administered with FeO NPs 

 RFTs of Group 11 in which mice were treated with 5 ppm of FeO NPs showed that uric 

acid was significantly decreased. However, blood urea was slightly decreased while creatinine 

was slightly higher in comparison to normal mice. RFTs of Group 12 in which mice were treated 

with 10 ppm FeO NPs showed that uric acid, blood urea and creatinine were significantly 

lowered in comparison to negative control and normal mice. RFTs of Group 13 in which mice 

were administered with 20 ppm of FeO NPs showed that uric acid was significantly decreased. 

However, blood urea was slightly higher than normal mice and creatinine was slightly lowered in 

comparison to normal mice. Result of RFTs of mice administered with FeO NPs can be seen in 

table 4.11. Fig 4.32 shows the graphical comparison of mice administered with FeO NPs. 
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Table 4.11 Table shows the results of renal function tests of mice administered with FeO 

NPs. 

Group Uric Acid    

mg/dl 

Blood Urea 

mg/dl                           

Creatinine    

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 11(5 ppm FeO NPs) 

Group 12(10 ppm FeO NPs) 

Group 13(20 ppm FeO NPs) 

2.00 ± 0.6325 * 

2.117 ± 0.3817 * 

2.00 ± 0.5514* 

31.00 ± 4.733* 

17.00 ± 1.673* 

35.00 ± 2.366* 

0.700 ± 0.1095 * 

0.400 ± 0.2366 * 

0.600 ± 0.0894* 

Allopurinol 50 mg/kg 

(Positive control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.32 Graphical comparison of RFTs of mice administered with FeO NPs. 

  in which (A) is Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.5 RFTs of mice administered with Turmeric NPs 

 RFTs of Group 14 in which mice were treated with 5 ppm of turmeric NPs showed that 

uric acid, blood urea and creatinine were significantly lowered in comparison to negative control 

and normal mice. RFTs of group 15 in which mice were administered with 10 ppm of turmeric 

NPs showed that uric acid and creatinine were significantly lowered. However, blood urea was 

slightly higher in comparison to normal mice but was low in comparison to negative control. 

RFTs of Group 16 in which mice were treated with 20 ppm of turmeric NPs showed that uric 

acid, blood urea and creatinine were significantly lowered in comparison to normal mice and 

negative control. Result of RFTs of mice administered with turmeric NPs can be seen in table 

4.12. Fig 4.33 shows the graphical comparison of RFTs of mice administered with turmeric NPs. 
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Table 4.12 Table shows the results of renal function tests of mice administered with turmeric 

NPs. 

Group Uric Acid     

mg/dl 

Blood Urea 

mg/dl                           

Creatinine    

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 14 (5 ppm Turmeric 

NPs) 

Group 15 (5 ppm Turmeric 

NPs) 

Group 16 (5 ppm Turmeric 

NPs) 

1.500 ± 0.4472* 

 

2.167 ± 0.5164* 

 

1.550 ± 0.1517* 

14.50 ± 2.429* 

 

35.00 ± 6.512* 

 

10.00 ± 2.757* 

0.400 ± 0.2280* 

 

0.317 ± 0.2927 * 

 

0.300 ± 0.1673* 

Allopurinol 50 mg/kg 

(Positive Control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.33 Graphical comparison of RFTs  of mice administered with turmeric NPs in which 

(A) is Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.6 RFTs of mice administered with Garlic NPs 

 RFTs of Group 17 in which mice were administered with 5 ppm of garlic NPs showed 

that uric acid was significantly lowered. Nevertheless, blood urea and creatinine were slightly 

higher than normal mice but still was lower in comparison to negative control. RFTs of Group 18 

in which mice were administered with 20 ppm of garlic NPs showed that uric acid and blood 

urea were significantly lowered. However, creatinine was slightly lowered in comparison to 

normal mice. RFTs of Group 19 in which mice were administered with 20 ppm garlic NPs 

showed that uric acid, blood urea and creatinine were significantly lowered in comparison to 

normal mice and negative control. The results were even better in comparison to positive control.  

Result of RFTs of mice administered with garlic NPs can be seen in table 4.13. Fig 4.34 shows 

the graphical comparison of mice administered with garlic NPs. 
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Table 4.13 Table shows the results of renal function tests of mice administered with garlic 

NPs. 

Group Uric Acid    

mg/dl 

Blood Urea 

mg/dl                           

Creatinine    

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 17 (5 ppm Garlic 

NPs) 

Group 18 (10 ppm Garlic 

NPs) 

Group 19 (20 ppm Garlic 

NPs) 

4.167 ± 1.1690* 

 

1.833 ± 0.4885* 

 

1.750 ± 0.1378* 

36.50 ± 3.619* 

 

21.17 ± 1.941* 

 

22.17 ± 3.189* 

0.633 ± 0.1211* 

 

0.600 ± 0.2530* 

 

0.300 ± 0.0894* 

Allopurinol 50 mg/kg 

(Positive Control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.34 Graphical comparison of RFTs  of mice admnistered with garlic in which (A) is 

Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.7 RFTs of mice administered with Cinnamon NPs 

 RFTs of Group 20 in which mice were administered with 5 ppm of cinnamon NPs 

showed that uric was significantly lowered than the control groups and normal mice while blood 

urea and creatinine were slightly lowered in comparison to normal mice. RFTs of Group 21 in 

which mice were administered with 10 ppm of cinnamon NPs showed that uric acid was 

significantly lowered in comparison to normal mice. However, blood urea and creatinine were 

slightly higher than normal but still lower than negative control. RFTs of Group 22 in which 

mice were treated with 20 ppm of cinnamon NPs showed that uric acid and blood urea were 

significantly lowered than normal mice and negative control while creatinine was slightly 

lowered than normal mice.  Result of RFTs of mice administered with cinnamon NPs can be 

seen in table 4.14. Fig 4.35 shows the graphical comparison of RFTs of mice administered with 

cinnamon NPs. 
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Table 4.14 Table shows the results of renal function tests of mice administered with 

Cinnamon NPs. 

Group Uric Acid    

mg/dl 

Blood Urea 

mg/dl                           

Creatinine    

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 20 (5 ppm 

Cinnamon NPs) 

Group 21 (10 ppm 

Cinnamon NPs) 

Group 22 (20 ppm 

Cinnamon NPs) 

2.100 ± 0.1673* 

 

2.200 ± 0.4195* 

 

2.100 ± 0.1673* 

33.00 ± 4.000* 

 

37.00 ± 6.164* 

 

22.00 ± 4.427* 

0.500 ± 0.1414* 

 

0.700 ± 0.1414* 

 

0.600 ± 0.0894 * 

Allopurinol 50 mg/kg 

(Positive Control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.35 Graphical comparison of RFTs of mice administered with cinnamon NPs in which 

(A) is Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.8 RFTs of micre administered with Turmeric-oil NPs 

 RFTs of Group 23 in which mice were treated with 5 ppm turmeric oil NPs showed that 

uric acid and creatinine were lowered in comparison to normal mice. However, blood urea was 

higher in comparison to normal mice but nonetheless was lower than the negative control. Result 

of RFTs of mice administered with turmeric-oil NPs can be seen in table 4.15. Fig 4.36 shows 

the graphical comparison of RFTs of mice administered with turmeric NPs.   
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Table 4.15 Table shows the results of renal function tests of mice administered with 

Turmeric-oil NPs. 

Group Uric Acid    

mg/dl 

Blood Urea 

mg/dl                           

Creatinine  

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 23 (5 ppm 

Turmeric-oil NPs) 

2.00 ± 0.8944* 39.00 ± 2.757* 0.500 ± 0.1265 * 

Allopurinol 50 mg/kg 

(Positive control 1) 

Allopurinol 100 mg/kg 

(positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.36 Graphical comparison of mice administered with turmeric oil NPs in which (A) is 

Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.6.9 RFTs of mice administered with Garlic-oil NPs  

 RFTs of Group 24 in which the mice were locally administered with 50 mg of garlic oil 

NPs showed that it was effective in lowering the uric acid, creatinine and blood urea. Although 

creatinine was slightly lowered than in comparison to normal mice. RFTs of Group 25 in which 

the mice were locally administered with 100 mg of garlic oil NPs showed that uric acid, blood 

urea and creatinine was slightly decreased in comparison to negative control. However, results of 

these mice were slightly higher in comparison to normal mice. Result of RFTs of mice 

administered with garlic-oil can be seen in table 4.16. Fig 4.37 shows the graphical comparison 

of RFTs of mice administered with garlic-oil NPs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 4                                                                                                         RESULTS 
 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment                 

  105 
 

Table 4.16 Table shows the results of renal function tests of mice administered with Garlic-

oil NPs. 

Group Uric Acid    

mg/dl 

Blood Urea 

mg/dl                           

Creatinine    

mg/dl                    

Normal mice 4.633 ± 0.8505* 33 ± 8.888* 0.633 ±  0.1528* 

Negative Control 9.800 ± 1.4170* 61.50 ± 7.714* 0.983 ±  0.2483* 

Group 24 (50 mg of Garlic-

oil NPs) 

Group 25 (100 mg of 

Garlic-oil NPs) 

2.500 ± 0.5477* 

 

4.783 ± 1.5715* 

25.00 ± 1.789* 

 

57.33 ± 7.941* 

0.600 ± 0.1265 * 

 

0.650 ± 0.1517* 

Allopurinol 50 mg/kg 

(Positive Control 1) 

Allopurinol 100 mg/kg 

(Positive Control 2) 

P Value 

2.00 ± 0.8944* 

 

2.11 ± 0.3710* 

 

0.00 

30.17 ± 6.706* 

 

38.17 ± 3.601* 

 

0.00 

0.500 ± 0.1265* 

 

0.417 ± 0. 1472* 

 

0.00 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.37 Graphical comparison of RFTs  of mice administewred with garlic-oil NPs in 

which (A) is Uric Acid (B) is Blood urea and (C) is Creatinie 
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4.7 Liver Function Test 

 Liver function tests involved tests such as alanine transaminase (ALT), aspartate 

transaminase (AST), bilirubin and alkaline phosphatase. 

4.7.1 LFTs of mice administered with AgO NPs 

 ALTs of Group 2 in which mice were treated with 5 ppm of AgO NPs shows slight 

increase in ALT and AST in comparison to normal mice however, in comparison to both positive 

and negative controls the levels were significantly lowered thus causing the least damage to 

liver. Moreover bilirubin level was slightly lower than normal. LFTs of Group 3 in which mice 

were admnistered with 10 ppm of AgO NPs showed a slight increase in AST and ALT levels in 

comparison to normal mice however, in comparison to negative and positive controls the levels 

were still lower. A slight increase in bilirubin was seen. LFTs of Group 4 in which mice were 

treated with 20 ppm of AgO NPs showed a high increse in AST, alkaline phosphatse and ALT 

levels which indicated liver inflammation and damage. Result of LFTs of mice administered with 

AgO NPs can be seen in table 4.17. Fig 4.38 shows the graphical comparison of LFTs of mice 

administered with AgO NPs. 
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Table 4.17 Table shows the results of liver function tests of mice administered with AgO 

NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 2 (5 ppm 

AgO NPs) 

Group 3 (10 ppm 

AgO NPs) 

Group 4 (20 ppm 

AgO NPs) 

36.00 ± 2.757* 

 

43.00 ± 3.460* 

 

136.00 ± 5.672* 

42.50 ± 4.848* 

 

40.33 ± 1.366* 

 

121.6 ± 32.59* 

0.350 ± 0.0837* 

 

0.500 ± 0.1414* 

 

0.400 ± 0.200* 

195.00 ± 3.847* 

 

207.50 ± 46.988* 

 

225.83 ± 48.321* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.38 Graphical comparison of LFTs  of mice admnistered with AgO NPs in which (A) 

is ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.2 LFTs of mice administered with ZnO NPs 

 LFTs of Group 5 in which mice were administered with 5 ppm ZnO NPs showed an 

increase in ALT and AST levels in comparison to normal mice and negative control which 

indicated liver damage and inflammation. LFTs of Group 6 in which mice were treated with 10 

ppm of ZnO NPs showed a slight increse in AST, ALT and alkaline phosphatase in comparsion 

to normal mice however, their levels were lesser in comparison to both positive and negative 

controls, indicating lower damgae to liver. LFTs of Group 7 in which mice were administered 

with 20 ppm ZnO NPs showed equal levels of AST and ALT in comparison to negative control. 

However, bilirubin and alkaline phosphatase levels were significantly lower in comparison to 

normal mice and negative control. Result of LFTs of mice administered with ZnO NPs can be 

seen in table 4.18. Fig 4.39 shows the graphical comparison of LFTs of mice administered with 

ZnO NPs. 
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Table 4.18 Table shows the results of liver function tests of mice administered with ZnO 

NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 5 (5 ppm 

ZnO NPs) 

Group 6 (10 ppm 

ZnO NPs) 

Group 7 (20 ppm 

ZnO NPs) 

69.00 ± 4.817* 

 

38.83 ± 5.076* 

 

67.00 ± 1.414* 

65.00 ± 1.414* 

 

42.00 ± 1.414* 

 

56.50 ± 1.871* 

0.500 ± 0.1789* 

 

0.500 ± 0.1414* 

 

0.300 ± 0.0894* 

175.00 ± 6.4500* 

 

136.00 ± 2.828* 

 

146.00 ± 1.414* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.39 Graphical comparison of LFTs  of mice admnistred with ZnO NPs in which (A) is 

ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.3 LFTs of mice admnistered with CuO NPs 

 LFTs of Group 8 in which mice were treated with 5 ppm of CuO NPs showed an increse 

in AST,ALT and Bilirubin level in comparison to normal mice. However, alkaline phosphatase 

levels were lower in comaprison to normal mice. LFTs of Group 9 in which mice were treated 

with 10 ppm of CuO NPs showed a slight increase of ALT, AST and alkaline phosphatase in 

comparison to normal mice. However, in comparison to both negative and positive control their 

levels were lower thus indicating lower liver damage. LFTs of Group 10 in which mice were 

treated with 20 ppm of CuO NPs showed a slight increase in AST and ALT levels in comparison 

to negative control. Moreover, alkaline phosphatase levels were lower in comparison to both 

positive and negative control. Result of LFTs of mice administered with CuO NPs can be seen in 

table 4.19. Fig 4.40 shows the graphical comparison of LFTs of mice administered with CuO 

NPs. 
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Table 4.20 Table shows the results of liver function tests of mice administered with CuO 

NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 8 (5 ppm 

CuO NPs) 

Group 9 (10 ppm 

CuO NPs) 

Group 10 (20 

ppm CuO NPs) 

45.17 ± 2.483* 

 

35.00 ± 4.899* 

 

67.00 ± 1.673* 

60.50 ± 4.037* 

 

42.00 ± 1.414* 

 

56.00 ± 2.280* 

0.500 ± 0.1789* 

 

0.500 ± 0.1414* 

 

0.417 ± 0.1472* 

113.00 ± 19.349* 

 

136.00 ± 2.757* 

 

146.00 ± 2.280* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 



CHAPTER 4                                                                                                         RESULTS 
 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment                 

  115 
 

 

Fig 4.41 Graphical comparison of LFTs  of mice admnistred with CuO NPs in which (A) is 

ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.4 LFTs of mice administered with FeO NPs 

 LFTs of Group 11 in which mice were administered with 5 ppm of FeO NPs showed a 

slight increase in AST and ALT in comparison to normal mice however, it was still lower in 

comparison to both positive and negative control. Furthermore, bilirubin and alkaline 

phosphatase levels were lower in comparison to normal. LFTs of group 12 in which the mice 

were treated with 10 ppm of FeO NPs showed an increase in AST, ALT and bilirubin levels 

which indicated inflammation and damage in liver. Furthermore, alkaline phosphatase levels 

were lower in comparison to control groups and normal mice. LFTs of group 13 in which mice 

were treated with higher dose of 20 ppm of FeO NPs showed an increase in ALT, AST and 

alkaline phosphatase indicating inflammation and damage in liver. Result of LFTs of mice 

administered with FeO NPs can be seen in table 4.21. Fig 4.42 shows the graphical comparison 

of LFTs of mice administered with FeO NPs. 
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Table 4.21 Table shows the results of liver function tests of mice administered with FeO NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 11 (5 ppm 

FeO NPs) 

Group 12 (10 

ppm FeO NPs) 

Group 13 (20 

ppm FeO NPs) 

44.67 ± 2.160* 

 

65.00 ± 3.225* 

 

58.00 ± 1.549* 

41.00 ± 7.014* 

 

70.00 ± 5.899* 

 

60.00 ± 3.033* 

0.300 ± 0.1095* 

 

0.833 ± 0.3724* 

 

0.300 ± 0.0894* 

147.00 ± 13.755* 

 

120.00 ± 8.222* 

 

190.00 ± 24.633* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.42 Graphical comparison of LFTs  of mice administred with FeO NPs in which (A) 

is ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.5 LFTs of mice admnisitered with Turmeric NPs 

 LFts of group 14 in which mice were treated with 5 ppm of turmeric NPs showed an 

increse in AST and ALT levels. However, bilrubin and alkaline phosphatase were rdeuced in 

comparison to other control groups and normal mice. LFTs of Group 15 in which mice were 

treated with 10 ppm of turmeric NPs showed an increase in AST, ALT, bilirubin and alkaline 

phosphatase in comparison to both controls and normal mice. LFTs of Group 16 in which the 

mice were treated with 20 ppm of turmeric NPs showed slight increase in AST and ALT levels 

in comparison to normal mice although, their level were lower in comparison to negative control. 

Furthermore, alkaline phosphatase levels were comparatively lower than the control groups and 

normal mice. Result of LFTs of mice treated with turmeric NPs can be seen in table 4.22. Fig 

4.43 shows the graphical comparison of LFTs of mice treated with turmeric NPs. 
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Table 4.22 Table shows the results of liver function tests of mice administered with Turmeric 

NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 14 (5 ppm 

Turmeric NPs) 

Group 15 (10 ppm 

Turmeric NPs) 

Group 16 (20 ppm 

Turmeric NPs) 

66.00 ± 5.177* 

 

63.00 ± 5.865* 

 

42.00 ± 12.394* 

56.00 ± 2.966* 

 

68.00 ± 2.828* 

 

50.00 ± 3.521* 

0.300 ± 0.0894* 

 

0.500 ± 0.1414* 

 

0.600 ± 0.0894* 

49.00 ± 13.784* 

 

328.00 ± 38.987* 

 

142.00 ± 34.270* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.43 Graphical comparison of LFTs  of mice administered with turmeric NPs in which 

(A) is ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.6 LFTs of mice administered with Garlic NPs 

 LFTs of Group 17 in which mice were treated with 5 ppm of garlic NPs showed a slight 

increase in AST and ALT levels in comparison to normal mice and both control groups. 

However, bilirubin was slightly lower in comparison to other groups. LFTs of Group 18 

administered with 10 ppm of garlic NPs showed an increse in bilirubin. Moreover, other tests 

were almost equal to positive controls. LFTs of Group 19 in which mice were treated with 20 

ppm of garlic NPs displayed a decrease in ALT, AST and alkaline phosphatase in comparison to 

negative control. Result of LFTs of mice treated with garlic NPs can be seen in table 4.23. Fig 

4.44 shows the graphical comparison of LFTs of mice treated with garlic NPs. 
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Table 4.23 Table shows the results of liver function tests of mice administered with Garlic 

NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 17 (5 ppm 

Garlic NPs) 

Group 18 (10 ppm 

Garlic NPs) 

Group 19 (20 ppm 

Garlic NPs) 

68.17 ± 11.268* 

 

62.33 ± 3.882* 

 

27.33 ± 6.218* 

61.50 ± 4.370* 

 

53.50 ± 1.643* 

 

47.33 ± 2.658* 

0.400 ± 0.1265* 

 

0.533 ± 0.1033* 

  

0.367 ± 0.1633* 

173.50 ± 16.944* 

 

103.50 ± 9.439* 

 

84.50 ± 9.955* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.44 Graphical comparison of LFTs  of mice treated with garlic NPs in which (A) is 

ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.7 LFTs of mice admnisitered with Cinnamon NPs 

 LFTs of Group 20 in which 5 ppm of cinnamon NPs were admnistered to mice showed 

an increasded ATP, ALT and aklaine phosphatase values in comparison to normal mice. LFTs of 

Group 21 in which the mice were injected with 10 ppm of cinnamon NPs showed that AST, ALT 

and bilirubin values were highly increased indicating liver damage. LFTs of Group 22 in which 

the mice were treated with 20 ppm of cinnamon NPs showed a significant increase in the ALT 

and AST values. However, bilirubin levels were lower in comparison to normal mice. Result of 

LFTs of mice administered with cinnamon NPs can be seen in table 4.24. Fig 4.45 shows the 

graphical comparison of LFTs between mice administered with Cinnamon NPs. 
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Table 4.24 Table shows the results of liver function tests of mice administered with 

Cinnamon NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 20 (5 ppm 

Cinnamon NPs) 

Group 21 (10 ppm 

Cinnamon NPs) 

Group 22 (20 ppm 

Cinnamon NPs) 

57.00 ± 4.980* 

 

84.00 ± 10.198* 

 

81.00 ± 9.143* 

60.00 ± 4.099* 

 

80.00 ± 4.099* 

 

80.00 ± 9.055* 

0.400 ± 0.0894* 

 

0.600 ± 0.0894* 

  

0.400 ± 0.0894* 

245.00 ± 19.089* 

 

123.00 ± 13.206* 

 

189.00 ± 22.733* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.45 Graphical comparison of LFTs  of mice administred with Cinnamon NPs in which 

(A) is ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.8 LFTs of mice administered with Turmeric-Oil NPs 

 LFTs of Group 23 in which the gout induced mice were administered with 5 ppm of 

turmeric-oil NPs showed a decrease in AST, ALT and alkaline phosphatase in comparison to the 

negative control. Result of LFTs of Group 23 can be seen in table 4.25. Fig 4.46 shows the 

graphical comparison of LFTs in Group 23. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 4                                                                                                         RESULTS 
 

Synthesis and Characterization of Nanoparticles for Potential Application in Gout Treatment                 

  129 
 

Table 4.25 Table shows the results of liver function tests of mice administered with 

Turmeric-Oil NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative 

Control 

61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 23 (5 

ppm 

Turmeric-oil 

NPs) 

48.00 ± 10.040* 49.00 ± 6.066* 0.500 ± 0.1789* 69.00 ± 4.147* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.46 Graphical comparison of LFTs  of mice admnistered with Turmeric-Oil NPs in 

which (A) is ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.7.9 LFTs of mice administered with Garlic-Oil NPs 

 LFTs of Group 24 in which the mice were treated with 50 mg/kg of garlic-oil showed 

increased AST, ALT and Bilirubin values in comparison to the normal mice and the negative 

control. LFTs of Group 25 in which mice were treated with 100 mg/kg body weight of garlic-oil 

NPs showed an increase in ALT, bilirubin and alkaline phosphatase values in comparison to 

negative control. Result of LFTs of mice administered with garlic-oil NPs can be seen in table 

4.26. Fig 4.47 shows the graphical comparison of LFTs between mice administered with garlic-

oil NPs. 
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Table 4.26 Table shows the results of liver function tests of mice administered with 

Cinnamon NPs. 

Group ALT 

U/L 

AST 

U/L 

Bilirubin 

mg/dl 

Alkaline 

Phosphatase 

U/L 

Normal mice 34.00 ± 7.973* 36.00 ± 4.359* 0.467 ± 0.2082* 189.00 ± 28.160* 

Negative Control 61.17 ± 10.304* 55.83 ± 8.010* 0.417 ± 0.1169* 183.33 ± 58.719* 

Group 24 (50 mg 

of Garlic-Oil NPs) 

Group 25 (100 mg 

of Garlic-Oil NPs) 

79.00 ± 7.874* 

 

69.33 ± 5.465* 

65.00 ± 8.075* 

 

45.17 ± 2.137* 

0.600 ± 0.0894* 

 

0.817 ± 0.0983* 

143.00 ± 17.146* 

 

206.50 ± 8.735* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

64.17 ± 2.858* 60.00 ± 4.940* 0.500 ± 0.1789* 213.67 ± 27.926* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

51.00 ± 5.020* 

 

 

0.000 

45.17 ± 2.137* 

 

 

0.000 

0.417 ± 0.0983* 

 

 

0.000 

171.00 ± 18.974* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.47 Graphical comparison of LFTs  of mice admnisitered with garlic-oil NPs in which 

(A) is ALT (B) is AST (C) is Bilirubin and (D) is Alkaline phosphatase 
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4.8 Lipid Profile 

 Lipid profile involved test such as Cholesterol, HDL, LDL and triglycerides. Lipid 

profile of every experimental groups are given in the tables below. 

4.8.1 Lipid Profile of mice administered with AgO NPs 

 Lipid profile of gout induced mice which were administered with 5 ppm of AgO NPs 

showed a significant decrease in cholesterol, LDL and triglycerides in comparison to the 

negative control. Lipid profile of Group 3 in which gout induced mice were treated with 10 ppm 

of AgO NPs showed a significant decrease in cholesterol, LDL and triglycerides in comparison 

to the negative control. Furthermore, there was also an increase in HDL levels in comparison to 

negative control. Lipid profile of group 4 in which the gout induced mice were treated with 20 

ppm of AgO NPs showed a substantial decrease in cholesterol, LDL and triglycerides in 

comparison to the negative control. Result of lipid profile of mice administered with AgO NPs 

can be seen in table 4.27. Fig 4.48 shows the graphical comparison of lipid profile of mice 

administered with AgO NPs. 
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Table 4.27 Table shows the results of lipid profile of mice administered with AgO NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative 

Control 

207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 2 (5 

ppm AgO NPs) 

Group 3 (10 

ppm AgO NPs) 

Group 4 (20 

ppm AgO NPs) 

109.00 ± 6.494* 

 

143.00 ± 23.212* 

 

91.00 ± 6.00* 

23.33 ± 3.077* 

 

30.50 ± 4.722* 

 

20.00 ± 1.265* 

55.00 ± 2.00* 

 

70.17 ± 3.71* 

 

30.00 ± 6.812* 

210.00 ± 5.762* 

 

204.50 ± 31.992* 

 

214.00 ± 6.603* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.48 Graphical comparison of Lipid profilr of mice admnistred with AgO NPs in which 

(A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.2 Lipid Profile of mice administered with ZnO NPs 

 Lipid profile of Group 5 in which the MSU crystals induce mice were treated with 5 ppm 

ZnO NPs showed a substantial decrease in cholesterol, LDL and triglycerides in comparison to 

the negative control. However, HDL levels were lower in comparison to negative control. Lipid 

profile of Group 6 in which the mice were administered with 10 ppm of ZnO NPs showed a 

massive decrease in cholesterol, LDL and triglycerides in comparison to the negative control. 

Lipid profile of Group 7 in which the gout induced mice were administered with 20 ppm of ZnO 

NPs showed significant decrease in cholesterol, LDL and triglycerides in comparison to the 

negative control. Result of lipid profile of mice administered with ZnO NPs can be seen in table 

4.28. Fig 4.49 shows the graphical comparison of lipid profile of mice administered with ZnO 

NPs. 
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Table 4.28 Table shows the results of lipid profile of mice administered with ZnO NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative 

Control 

207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 5 (5 

ppm ZnO NPs) 

Group 6 (10 

ppm ZnO NPs) 

Group 7 (20 

ppm ZnO NPs) 

100.17 ± 2.639* 

 

78.33 ± 2.066* 

 

101.17 ± 2.041* 

21.67 ± 3.882* 

 

22.50 ± 1.517* 

 

22.67 ± 2.066* 

45.00 ± 2.00* 

 

26.00 ± 1.414* 

 

25.33 ± 2.066* 

238.00 ± 1.414* 

 

148.00 ± 1.414* 

 

200.67 ± 3.445* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.49 Graphical comparison of Lipid profilr of mice admnistered with ZnO NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.3 Lipid Profile of mice administered with CuO NPs 

 Lipid profile of Group 8 in which the gout induced mice were administered with 5 ppm 

of CuO NPs showed a significant decrease in LDL and cholesterol. However, triglycerides level 

were significantly raised in comparison to the negative control. Furthermore, HDL levels were 

also increased in comparison to positive and negative controls. Lipid profile of Group 9 in which 

the MSU crystals induced gout induced mice were treated with 10 ppm of CuO NPs showed 

substantial decrease in cholesterol, LDL and triglycerides in comparison to the negative control. 

Lipid profile of Group 10 in which the mice were administered 20 ppm of CuO NPs showed a 

similar result to Group 9.  Mice in Group 10 had a considerable decrease in cholesterol, LDL and 

triglycerides in comparison to the negative control. Result of lipid profile of mice administered 

with CuO NPs can be seen in table 4.29. Fig 4.50 shows the graphical comparison of lipid profile 

of mice administered with CuO NPs. 
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Table 4.29 Table shows the results of lipid profile of mice administered with CuO NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative 

Control 

207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 8 (5 

ppm CuO NPs) 

Group 9 (10 

ppm CuO NPs) 

Group 10 (20 

ppm CuO NPs) 

147.83 ± 36.40* 

 

78.00 ± 0.894* 

 

101.00 ± 0.894* 

30.17 ± 3.545* 

 

22.00 ± 1.265* 

 

23.00 ± 2.098* 

65.33 ± 4.719* 

 

26.00 ± 1.789* 

 

26.00 ± 2.280* 

343.67 ± 15.332* 

 

148.00 ± 2.280* 

 

198.00 ± 5.138* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.50 Graphical comparison of Lipid profilr of mice admnistered with CuO NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.4 Lipid profile of mice administered with FeO NPs 

 Lipid profile of Group 11 in which the gout induced mice were treated with 5 ppm of 

FeO NPs showed a significant decrease in the cholesterol and LDL however, there was an 

increase in the triglyceride level of mice. Lipid profile of Group 12 in which the mice were 

administered with 10 ppm FeO NPs to treat gout showed a substantial decrease in cholesterol, 

LDL and triglycerides in comparison to the negative control. Lipid profile of Group 13 in which 

the mice were treated with 20 ppm of FeO NPs after inducing gout using MSU crystals showed a 

significant decrease in LDL, cholesterol and triglycerides in comparison to negative control. 

Result of lipid profile of mice administered with FeO NPs can be seen in table 4.30. Fig 4.51 

shows the graphical comparison of lipid profile of mice administered with FeO NPs. 
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Table 4.30 Table shows the results of lipid profile of mice administered with FeO NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative 

Control 

207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 11 (5 

ppm FeO NPs) 

Group 12 (10 

ppm FeO NPs) 

Group 13 (20 

ppm FeO NPs) 

129.00 ± 14.90* 

 

108.00 ± 7.266* 

 

90.00 ± 4.050* 

30.00 ± 3.347* 

 

25.00 ± 3.033* 

 

23.00 ± 2.098* 

59.00 ± 3.578* 

 

43.00 ± 3.033* 

 

24.00 ± 1.414* 

336.00 ± 9.633* 

 

198.00 ± 21.606* 

 

220.00 ± 16.037* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.51 Graphical comparison of Lipid profilr of mice admnistered with FeO NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.5 Lipid profile of mice administered with Turmeric NPs 

 Lipid profile of Group 14 in which the mice were administered with 5 ppm of turmeric 

NPs showed a substantial decrease in the cholesterol and LDL however, there was an increase in 

the triglyceride level of mice. Lipid profile of Group 15 in which the mice were treated with 10 

ppm of turmeric NPs showed an immense decrease in the cholesterol and LDL level in 

comparison to positive and negative control. However triglycerides levels were high in 

comparison to positive and negative control. Lipid profile of Group 16 in which the mice were 

treated with 20 ppm of turmeric NPs showed similar results to Group 15. In this group there was 

an immense decrease in the cholesterol and LDL level in comparison to positive and negative 

control. However triglycerides levels were high in comparison to positive and negative control 

Result of lipid profile of mice administered with turmeric NPs can be seen in table 4.31. Fig 4.52 

shows the graphical comparison of lipid profile of mice administered with turmeric NPs. 
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Table 4.31 Table shows the results of lipid profile of mice administered with Turmeric NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative Control 207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 14 (5 ppm 

Turmeric NPs) 

Group 15 (10 

ppm Turmeric 

NPs) 

Group 16 (20 

ppm Turmeric 

NPs) 

142.00 ± 25.737* 

 

87.00 ± 14.311* 

 

85.00 ± 4.98* 

28.00 ± 4.733* 

 

20.00 ± 2.828* 

 

20.00 ± 1.789* 

62.00 ± 14.184* 

 

14.00 ± 1.414* 

 

15.17 ± 2.137* 

331.67 ± 48.343* 

 

215.00 ± 41.752* 

 

331.67 ± 14.17* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.52 Graphical comparison of Lipid profilr of mice admnistered with turmeric NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.6 Lipid profile of mice administered with Garlic NPs 

 Lipid profile of Group 17 in which the mice were administered with 5 ppm of garlic NPs 

showed a significant decrease in LDL, cholesterol and triglycerides in comparison to negative 

control. Lipid profile of group 18 in which the mice were treated with 10 ppm of garlic NPs 

showed a hefty decrease in LDL, cholesterol and triglycerides in comparison to negative control. 

Lipid profile of Group 19 in which the mice were treated with 20 ppm of garlic NPs showed an 

immense increase in HDL level in comparison to positive and negative control. Moreover, LDL, 

cholesterol and triglycerides were also greatly reduced. Result of lipid profile of mice 

administered with garlic NPs can be seen in table 4.32. Fig 4.53 shows the graphical comparison 

of lipid profile of mice administered with garlic NPs. 
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Table 4.32 Table shows the results of lipid profile of mice administered with Garlic NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative Control 207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 17 (5 ppm 

Garlic NPs) 

Group 18 (10 

ppm Garlic NPs) 

Group 19 (20 

ppm Garlic NPs) 

81.17 ± 5.776* 

 

45.00 ± 5.657* 

 

60.33 ± 4.367* 

20.00 ± 1.414* 

 

30.50 ± 4.722* 

 

38.67 ± 3.777* 

19.33 ± 3.077* 

 

67.83 ± 11.974* 

 

67.67 ± 4.676* 

231.33 ± 9.688* 

 

213.50 ± 54.724* 

 

104.00 ± 10.392* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.53 Graphical comparison of Lipid profilr of mice admnistered with garlic NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.7 Lipid profile of mice administered with Cinnamon NPs 

 Lipid profile of Group 20 in which the induced gout mice were treated with 5 ppm of 

cinnamon NPs showed a significant decrease in cholesterol, triglycerides and LDL level in 

comparison to negative control. Lipid profile of Group 21 in which the mice were treated with 10 

ppm of cinnamon NPs showed an increase in HDL level however, cholesterol and LDL levels 

were similar to negative control moreover it was also seen that triglycerides levels were also 

higher in comparison to negative control. Lipid profile of Group 22 in which the mice were 

administered with 20 ppm cinnamon NPs showed a significant decrease in LDL, triglycerides 

and cholesterol in comparison to negative control. Result of lipid profile of mice administered 

with cinnamon NPs can be seen in table 4.34. Fig 4.54 shows the graphical comparison of lipid 

profile of mice administered with cinnamon NPs. 
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Table 4.34 Table shows the results of lipid profile of mice administered with Cinnamon NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative Control 207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 20 (5 ppm 

Cinnamon NPs) 

Group 21 (10 

ppm Cinnamon 

NPs) 

Group 22 (20 

ppm Cinnamon 

NPs) 

137.00 ± 19.97* 

 

205.00 ± 68.408* 

 

108.00 ± 7.797* 

25.00 ± 2.098* 

 

45.00 ± 3.578* 

 

20.00 ± 2.828* 

55.00 ± 9.633* 

 

110.00 ± 13.43* 

 

30.00 ± 4.195* 

265.00 ± 17.978* 

 

332.00 ± 34.24* 

 

242.00 ± 29.618* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.54 Graphical comparison of Lipid profilr of mice admnistered with Cinnamon NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides  
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4.8.8 Lipid profile of mice administered with Turmeric-Oil NPs 

 Lipid profile of Group 23 in which the mice were administered with 5 ppm of turmeric-

oil NPs showed an immense increase in triglycerides level in comparison to other groups. 

However, there was a substantial decrease in LDL and cholesterol level in comparison negative 

and positive control. Result of lipid profile of mice administered with turmeric-oil NPs can be 

seen in table 4.34. Fig 4.55 shows the graphical comparison of lipid profile of mice administered 

with turmeric-oil NPs. 
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Table 4.34 Table shows the results of lipid profile of mice administered with turmeric-oil 

NPs 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative 

Control 

207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 23 (5 

ppm 

Turmeric-oil 

NPs) 

105.00 ± 3.347* 20.00 ± 2.366* 35.00 ± 4.195* 409.00 ± 57.519* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.55 Graphical comparison of Lipid profilr of mice administered with turmeric-oil NPs 

in which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.8.9 Lipid profile of mice administered with Garlic-oil NPs 

 Lipid profile of Group 24 in which mice were treated with 50 mg/kg garlic-oil NPs 

showed an immense decrease in LDL and cholesterol level in comparison to negative and 

positive control as well as normal mice. Furthermore there was a significant decrease in 

triglycerides in comparison to negative control. Lipid profile of Group 25 in which mice were 

treated with 100 mg/kg of garlic NPs showed a little decrease LDL, cholesterol and triglycerides 

in comparison to negative control. Result of lipid profile of mice administered with garlic-oil 

NPs can be seen in table 4.35. Fig 4.56 shows the graphical comparison of lipid profile of mice 

administered with garlic-oil NPs. 
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Table 4.35 Table shows the results of lipid profile of mice administered with Garlic-Oil NPs. 

Group Cholesterol 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

Triglycerides 

mg/dl 

Normal mice 146.67 ± 43.501* 34.67 ± 17.673* 68.00 ± 10.536* 122.00 ± 27.875* 

Negative Control 207.33 ± 36.065* 24.33 ± 3.011* 108.17 ± 55.13* 298.67 ± 51.964* 

Group 24 (5o mg 

of Garlic-Oil 

NPs) 

Group 25 (100 

mg of ppm 

Garlic-Oil NPs) 

76.00 ± 10.218* 

 

176.00 ± 7.329* 

22.00 ± 1.414* 

 

34.00 ± 7.483* 

18.00 ± 3.847* 

 

83.83 ± 7.782* 

241.00 ± 6.986* 

 

282.17 ± 58.806* 

Allopurinol 

50 mg/kg 

(Positive Control 

1) 

120.00 ± 17.561* 20.33 ± 2.338* 51.00 ± 4.099* 377.00 ± 15.047* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

P Value 

135.5 ± 29.784* 

 

 

0.000 

23.00 ± 0.894* 

 

 

0.000 

61.00 ± 11.679* 

 

 

0.000 

306.00 ± 61.696* 

 

 

0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.56 Graphical comparison of Lipid profilr of mice administered with garlic-oil NPs in 

which (A) is Cholesterol (B) is HDL (C) is LDL and (D) is Triglycerides 
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4.9 Blood Count 

 Blood Count involved the tests such as WBCs count, RBCs count, haemoglobin and 

platelets count. 

4.9.1 Blood count of mice administered with AgO NPs 

 Blood count of Group 2 in which the mice were administered with 5 ppm of AgO NPs 

showed a decrease in WBCs count in comparison to negative control. Furthermore, there was a 

little increase in the RBCs count and haemoglobin in comparison to negative control. Blood 

count of Group 3 in which the mice were administered with 10 ppm of AgO NPs showed a 

massive increase in platelet count in comparison to the control groups. Moreover, there was a 

decrease in WBCs count in comparison to negative control. Blood count of Group 4 in which the 

mice were treated with 20 ppm of AgO NPs showed a decrease in WBCs count in comparison to 

negative control. Furthermore, there was a little increase in haemoglobin, RBCs and platelet 

count in comparison to negative control.  Result of blood count of mice administered with AgO 

NPs can be seen in table 4.36. Fig 4.57 shows the graphical comparison of blood count of mice 

administered with AgO NPs. 
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Table 4.36 Table shows the results of blood count tests of mice administered with AgO NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 2 (5 ppm 

AgO NPs) 

Group 3 (10 ppm 

AgO NPs) 

Group 4 (20 ppm 

AgO NPs) 

8483.33 ± 

204.124* 

10500 ± 

2343.5* 

7333.33 ± 

1068.96* 

7.405 ± 

0.05431* 

7.3517 ± 

0.02639* 

8.1333 ± 

0.55977* 

11.833 ± 

1.1413* 

13.133 ± 

0.5502* 

12.067 ± 

0.5680* 

856666.7 ± 

28047.6* 

1080833 ± 

5886532* 

536666.7 ± 

96678.2* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.57 Graphical comparison of Blood count of mice admnistered with AgO NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.2 Blood count of mice administered with ZnO NPs 

 Blood count of Group 5 in which the mice were treated with 5 ppm of ZnO NPs showed 

an enormous decrease in WBCs count in comparison to negative control. Additionally, there was 

a significant increase in haemoglobin, RBCs and platelet count in comparison to negative 

control. Blood count of Group 6 in which the mice were treated with 10 ppm of ZnO NPs 

showed a huge decrease in WBCs count in comparison to negative control. Moreover, there was 

a significant increase in haemoglobin and platelet count in comparison to negative control. Blood 

count of Group 6 in which the mice were treated with 10 ppm of ZnO NPs showed a huge 

decrease in WBCs count in comparison to negative control. Moreover, there was a significant 

increase in haemoglobin and platelet count in comparison to negative control. Result of blood 

count of mice administered with ZnO NPs can be seen in table 4.37. Fig 4.58 shows the 

graphical comparison of blood count of mice administered with ZnO NPs. 
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Table 4.37 Table shows the results of blood count tests of mice administered with ZnO NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 5 (5 ppm 

ZnO NPs) 

Group 6 (10 ppm 

ZnO NPs) 

Group 7 (20 ppm 

ZnO NPs) 

6400.00 ± 

189.737* 

4366.67 ± 

233.809* 

5000.00 ± 

141.421* 

8.420 ±    

0.0228* 

7.3517 ± 

0.02639* 

7.2382 ± 

0.11771* 

14.967 ± 

0.1751* 

13.15 ±   

0.4889* 

11.3 ±     

0.8899* 

912833.3 ± 

14441.8* 

800000 ± 

6324.56* 

1155000 ± 

6324.56* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.58 Graphical comparison of Blood count of mice admnistered with ZnO NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.3 Blood count of mice administered with CuO NPs 

 Blood count of Group 8 in which the gout induced mice were treated with 5 ppm of CuO 

NPs showed a significant increase in haemoglobin and RBCs count in comparison to negative 

control. Additionally, there was a decrease in WBCs count in comparison to negative control. 

Blood count of Group 9 in which the mice were treated with 10 ppm of CuO NPs showed an 

increase in haemoglobin, RBCS and platelet count in comparison to negative control. Moreover, 

there was a huge decrease in the WBCs count in comparison to the negative control. Blood count 

of Group 10 in which the mice were administered with 20 ppm of CuO NPs showed a massive 

increase in platelet count in comparison to other control groups. There was also a significant 

decrease in the WBCs count of mice in comparison to negative control. Result of blood count of 

mice administered with CuO NPS can be seen in table 4.38. Fig 4.59 shows the graphical 

comparison of blood count of mice administered with CuO NPs. 
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Table 4.38 Table shows the results of blood count tests of mice administered with CuO NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 8 (5 ppm 

CuO NPs) 

Group 9 (10 ppm 

CuO NPs) 

Group 10 (20 ppm 

CuO NPs) 

5250.00 ± 

659.545* 

4383.33 ± 

172.24* 

5000 ± 

141.421* 

8.42 ±      

0.0228* 

7.5783 ± 

0.24408* 

7.20 ±    

0.14697* 

13.917 ± 

2.4612* 

13.150 ± 

0.5788* 

11.30 ±   

0.8899* 

116666.7 ± 

9330.95* 

800000 ± 

50990.2* 

1155000 ± 

632.456* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.59 Graphical comparison of Blood count of mice admnistered with CuO NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.4 Blood count of mice administered with FeO NPs 

 Blood count of Group 11 in which the gouty mice were treated with 5 ppm of FeO NPs 

showed a significant increase in the haemoglobin and RBCs count in comparison to negative 

control. Furthermore, there was a massive decrease in the WBCs count of mice in comparison to 

the negative control. Blood count of Group 12 in which the mice were treated with 10 ppm of 

FeO NPs showed a showed a slight increase in platelet count in comparison to other control 

groups. There was also an enormous decrease in the WBCs count of mice in comparison to 

negative control. Blood count of Group 13 in which the mice were administered with 20 ppm of 

FeO NPs showed a decrease in haemoglobin, RBCs, WBCs and platelet count in comparison to 

negative control. Result of blood count of mice administered with FeO NPs can be seen in table 

4.39. Fig 4.60 shows the graphical comparison of blood count of mice administered with FeO 

NPs. 
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Table 4.39 Table shows the results of blood count tests of mice administered with FeO NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 11 (5 ppm 

FeO NPs) 

Group 12 (10 ppm 

FeO NPs) 

Group 13 (20 ppm 

FeO NPs) 

4600 ± 

363.318* 

5616.67 ± 

462.241* 

4900 ± 

167.332* 

8.0717 ± 

0.4508* 

7.3767 ± 

0.10501* 

5.870 ±    

1.0543* 

13.433 ± 

2.0412* 

12.50 ±    

0.5441* 

8.80 ±      

1.1610* 

568833.3 ± 

55210.2* 

578000 ± 

13145.3* 

86000 ± 

10099.5* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.60 Graphical comparison of Blood count of mice admnistered with FeO NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.5 Blood count of mice administered with turmeric NPs 

 Blood count of Group 14 in which the induced gout mice were administered with 5 ppm 

of turmeric NPs showed a significant increase in haemoglobin and RBCs level in comparison to 

negative control. Furthermore, there was a massive decrease in the WBCs levels in comparison 

to the negative control. Blood count of Group 15 in which the mice were treated with 10 ppm of 

turmeric NPs showed an enormous decrease in WBCs level in comparison to negative control. 

Moreover, there was an increase in platelet count, RBCs and haemoglobin level in comparison to 

negative control. Blood count of Group 16 in which the mice were administered with 20 ppm of 

turmeric NPs showed an increase in platelet count, RBCs and haemoglobin level in comparison 

to negative control. Furthermore, there was an enormous decrease in the WBCs level in 

comparison to the negative control. Result of blood count of mice administered with turmeric 

NPs can be seen in table 4.40. Fig 4.61 shows the graphical comparison of blood count of mice 

administered with turmeric NPs. 
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Table 4.40 Table shows the results of blood count tests of mice administered with turmeric 

NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 14 (5 ppm 

Turmeric NPs) 

Group 15 (10 ppm 

Turmeric NPs) 

Group 16 (20 ppm 

Turmeric NPs) 

6900 ± 

819.756* 

7150 ± 

383.406* 

6600 ± 

669.328* 

8.7483 ± 

0.1957* 

7.58 ±   

0.27181* 

7.825 ± 

0.19817* 

14.783 ± 

0.4665* 

13.20 ±   

0.4336* 

12.40 ±     

0.687* 

554500 ± 

271638* 

918000 ± 

41492.2* 

771000 ± 

87708.6* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.61 Graphical comparison of Blood count of mice admnistered with turmeric NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.6 Blood count of mice administered with Garlic NPs 

 Blood count of Group 17 in which the mice were treated with 5 ppm of garlic NPs 

showed a significant increase in platelet count and haemoglobin levels in comparison to negative 

control. Moreover, there was a massive decrease in the WBCs count in comparison to the 

negative control. Blood count of group 18 in which the mice were administered with 10 ppm of 

garlic NPs showed an increase in haemoglobin and platelet count in comparison to negative 

control. Furthermore, there was a decrease in the RBCs and WBCs count in comparison to the 

negative control. Blood count of Group 19 in which the mice were treated with 20 ppm of garlic 

NPs showed a decrease in the RBCs and WBCs count in comparison to the negative control. 

Furthermore, there was an increase in haemoglobin and platelet count in comparison to negative 

control. Result of blood count of mice administered with garlic NPs can be seen in table 4.41. 

Fig 4.62 shows the graphical comparison of blood count of mice administered with garlic NPs. 
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Table 4.41 Table shows the results of blood count tests of mice administered with garlic NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 17 (5 ppm 

Garlic NPs) 

Group 18 (10 ppm 

Garlic NPs) 

Group 19 (20 ppm 

Garlic NPs) 

7716.67 ± 

416.733* 

15883.3 ± 

20112.2* 

5166.67 ± 

539.135* 

6.217 ± 

0.93041* 

6.4033 ± 

1.49073* 

5.285 ± 

0.99528* 

10.817 ± 

0.6113* 

13.133 ± 

0.5502* 

12.167 ±   

0.575* 

850000 ± 

30331.5* 

904333.3 ± 

25563* 

345833.3 ± 

101156* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.62 Graphical comparison of Blood count of mice admnistered with gatrlic NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.7 Blood count of mice administered with Cinnamon NPs 

 Blood count of group 20 in which the induced gout mice were treated with 5 ppm of 

cinnamon NPs showed a decrease in WBCs and platelet count in comparison to the negative 

control. Additionally, there was an increase in the haemoglobin and RBCs count in comparison 

to the negative control. Blood count of group 21 in which the mice were treated with 10 ppm of 

cinnamon NPs showed an increase in haemoglobin, platelet and RBCs count in comparison to 

the negative control. Moreover, there was a huge decrease in the WBCs count in comparison to 

the negative control. Blood count of Group 22 in which the mice were administered with 20 ppm 

of cinnamon NPs showed a decent decrease in the WBCs count in comparison to the negative 

control. Furthermore, an increase in haemoglobin, platelet and RBCs count was observed in 

comparison to the negative control. Result of blood count of mice administered with cinnamon 

NPs can be seen in table 4.42. Fig 4.63 shows the graphical comparison of blood count of mice 

administered with garlic NPs. 
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Table 4.42 Table shows the results of blood count tests of mice administered with Cinnamon 

NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 20 (5 ppm 

Cinnamon NPs) 

Group 21 (10 ppm 

Cinnamon NPs) 

Group 22 (20 ppm 

Cinnamon NPs) 

8000 ±   

1019.8* 

9583.33 ± 

491.596* 

5800 ±   

569.21* 

7.8067 ± 

0.75587* 

7.4683 ± 

0.17646* 

8.695 ± 

0.25042* 

14.50 ±   

0.3406* 

13.217 ± 

0.5193* 

12.258 ± 

0.3826* 

1124333± 

42608.3* 

961500 ± 

39843.4* 

715000 ± 

39843.4* 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 

0.8751* 

751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±  

0.0238 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.63 Graphical comparison of Blood count of mice administered with cinnamon NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.8 Blood count of mice administered with Turmeric-oil NPs 

 Blood count of Group 23 in which the mice were treated with 5 ppm turmeric-oil NPs 

showed a significant increase in RBCs count and haemoglobin levels in comparison to the 

negative control. Additionally, there was a decent decrease in the WBCs values in comparison to 

the negative control. Result of blood count of mice administered with turmeric-oil NPs can be 

seen in table 4.43. Fig 4.64 shows the graphical comparison of blood count of mice administered 

with turmeric-oil NPs. 
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Table 4.43 Table shows the results of blood count tests of mice administered with Turmeric-

oil NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 1193.04* 6.1933 ± 0.28042* 11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative 

Control 

34633.3 ± 44589.9* 7.125 ± 1.32482* 8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 23 (5 

ppm 

Turmeric-oil 

NPs) 

7900 ± 946.573* 7.795 ± 0.34807* 14.283 ± 0.5115* 240000 ± 

40580.8* 

Allopurinol 

50 mg/kg 

(Positive 

Control 1) 

7150 ± 500.999* 8.875 ± 0.09182* 13.967 ± 0.8751* 751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive 

Control 2) 

3766.67 ± 500.666 

 

6.3433 ± 0.0238 

 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.64 Graphical comparison of Blood count of mice admnistered with turmeric-oil NPs 

in which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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4.9.9 Blood count of mice administered with Garlic-oil NPs 

 Blood count of Group 24 in which the mice were administered with 50 mg/kg of garlic-

oil NPs showed an increase in haemoglobin and platelet count in comparison to the negative 

control. However, there was a significant decrease in the WBCs count in comparison to the 

negative control. Blood count of Group 25 in which the mice were treated with 100 mg/kg of 

garlic-oil NPs showed a decrease in the WBCs, RBCs and platelet count in comparison to the 

negative control. Furthermore, an increase in the haemoglobin was also observed in comparison 

to the negative control. Result of blood count of mice administered with garlic-oil NPs can be 

seen in table 4.44. Fig 4.65 shows the graphical comparison of blood count of mice administered 

with garlic-oil NPs. 
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Table 4.44 Table shows the results of blood count tests of mice treated with garlic-oil NPs 

Group WBCs Count 

(mm3)   

RBCs Count 

(mil/ mm3) 

Haemoglobin 

(g/dl) 

Platelet Count 

(mm3)   

Normal mice 5333.33 ± 

1193.04* 

6.1933 ± 

0.28042* 

11.5 ±    1.179*                   231666.7 ± 

94648.5* 

Negative Control 34633.3 ± 

44589.9* 

7.125 ± 

1.32482* 

8.833 ± 2.1842*                  182666.7 ± 

46919.8* 

Group 24 (50 

mg/kg Garlic-oil 

NPs) 

Group 25 (100 

mg/kg Garlic-oil 

NPs) 

8400± 

204.124*  

 

4750 ± 

1153.69* 

          

6.73 ±   

0.89942* 

 

6.5933 ± 

0.28668* 

 

10.433 ±  

0.7174* 

 

11.167 ±  

1.8261* 

 

880000 ± 

14142.1* 

 

148666.7 ± 

14142.1* 

 

Allopurinol 

50 mg/kg (Positive 

Control 1) 

7150 ± 

500.999* 

8.875 ± 

0.09182* 

13.967 ± 0.8751* 751500 ± 

70446.4* 

Allopurinol 

100 mg/kg 

(Positive Control 

2) 

3766.67 ± 

500.666 

 

6.3433 ±   

0.0238 

 

 

8.767 ±   2.126*                                                             1040333 ± 

44639.3* 

 

P Value  0.001 0.000 0.000 0.000 

All the values are means 

P values < 0.05 were considered statistically significant 

*standard deviation of all the mean values 
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Fig 4.65 Graphical comparison of Blood count of mice admnistered with garlic-oil NPs in 

which (A) is WBCs count (B) is RBCs count (C) is haemoglobin and (D) is 

Platelets count 
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5. Discussion  

5.1 Anti-goutic activity of NPs  

 In this study, four metallic nanoparticles copper, zinc, silver and iron were 

synthesized and orally administered to gouty mice. It was observed from renal function 

tests that uric acid, blood urea and creatinine was significantly reduced in all of the 

groups which were treated with metal oxides nanoparticles thus suppressing 

hyperuricemia and gout. Li et al (2018) researched the potential of compounds containing 

trace elements such as copper or zinc as hyperuricemia inhibitors through xanthine 

oxidase activity. Compounds containing trace elements copper or zinc are potential gout 

and hyperuricemia suppressant by nature of their inhibiting effect on xanthine oxidase or 

xanthine dehydrogenase as well as anti-inflammatory and anti-oxidative function. In vitro 

study indicated that metal copper and zinc significantly improves the uric acid reduction 

by suppressing xanthine oxidase activation. Intraperitoneal administration of these 

compounds exhibited a significant effect in reducing the serum uric acid. Furthermore 

serum creatinine level indicated that the side effect of these compounds on renal function 

was weak.  

Furthermore in this study, oil mixed turmeric and garlic nanoparticles were 

locally applied to synovial joints in mice having gouty arthritis. Several biochemical tests 

were conducted which stated that both of these nanoparticles were effective in decreasing 

serum uric acid level thus suppressing gouty arthritis. Tiwari et al., (2015) studied urate 

crystal deprivation for curing gout by utilizing a nanoparticulate blend therapy approach. 

In this research, polymeric nanoparticles of uricase and aceclofenac (NSAID) were 

synthesized and were incorporated into gel, for transporting drugs to synovial joints. The 

blend treatment lead to an effective cure of gout due to deprivation of crystals and anti-

inflammatory reaction. 

5.2 Synthesis of Nanoparticles  

In this study copper nanoparticles were synthesized in a similar approach 

following Khan et al., (2016) in which he developed an improved method for the 

synthesis of copper nanoparticles. This method involved the chemical reduction in 
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aqueous copper salt using ascorbic acid as reducing agent at low temperature. In their 

method copper nanoparticles were synthesized by reducing method in which copper 

sulfate pentahydrate was used as a precursor salt while starch was used as a capping 

agent. Copper sulfate was added into 120 ml of starch solution with vigorous stirring. 

Afterward, 30 ml of sodium hydroxide solution was added into the previous mixture with 

constant stirring and heating at 80 °C for 2 h. the indication of completion of reaction was 

the colour of the solution turned ocher from yellow. Various characterization techniques 

were utilized and the synthesized particles were in nano ranges. 

 Iron oxide nanoparticles were synthesized by preparing 8.5 M of sodium 

hydroxide solution and slowly adding into the mixture of ferric chloride and ferrous 

chloride at vigorous stirring. The reaction was carried out for 30 minutes using air as a 

medium. The particles were washed several time using distilled water. These particles 

were than dried overnight at 100 °C in a drying oven, this process followed Karaagac and 

Kockar (2012) iron oxide nanoparticles were synthesized by co-precipitation in the air. In 

their study iron oxide nanoparticles were co-precipitated using different concentrations of 

sodium hydroxide and their structural and magnetic properties were studied. 

Morphological observation of these synthesized nanoparticles was made by TEM which 

showed that these particles were round. Iron oxide nanoparticles were synthesized by co 

precipitating ferrous chloride and ferric chloride in the ratios of 1:2. Different 

concentration of sodium hydroxide solution were added under vigorous stirring at room 

temperature. The reaction time was 30 minutes and air was used as a medium. The 

synthesized particles were washed three times and were dried in an oven.  

Zinc oxide nanoparticles were synthesized in a similar manner but with a litt le 

modification. 0.5 M of sodium hydroxide solution was slowly added into the 50 ml of 

zinc oxide solution under vigorous stirring. The reaction was carried out till the pH of the 

solution reached 11. These particles were washed 3 times using de-ionized water 

similarly Becheri et al., (2008) synthesized and studied the properties of zinc oxide 

nanoparticle. The zinc oxide particles were produced in different temperatures and 

reacting medium. Various characterization techniques were employed to determine the 
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shape, size, composition and crystallinity of the particles. Zinc chloride was dissolved in 

200 ml of water at 90 °C in an oil bath. 16 ml of 5 M sodium hydroxide solution was 

added drop wise to the zinc chloride solution for a period of over 10 minutes at the 

continuous temperature of 90 °C. These particles were washed 5 times using water. These 

purified particles were than peptized using 2-propanol in an ultrasonic bath for 10 

minutes at room temperature. These particles were centrifuged and were further washed 3 

times. These particles were further subjected to thermal treatment at 250 °C for 5 

hFinally, these particles were thermally treated at the high temperature of 300 °C for 5 h. 

 Silver oxide nanoparticles were synthesized in a similar way with some 

modification. 100 ml of silver nitrate solution was prepared in de-ionized water. 100 ml 

of sodium borohydride solution was slowly added into the first solution under vigorous 

stirring. The particles were filtered out and were washed several time. These particles 

were dried in an oven at °C 100 for 2 h. Similarly Song et al., (2009) prepared colloidal 

silver oxide nanoparticles by utilizing chemical reduction method. Silver nitrate was used 

as a precursor salt while sodium borohydride was used as a reducing agent and sodium 

dodecyl sulfate was used as a stabilizing agent. Several characterization techniques were 

employed to study the particles. 50 ml of silver nitrate solution was prepared in water. 

Another 50 ml solution was prepared in water by dissolving sodium borohydride and 

sodium dodecyl sulfate and the solution was stirred for half an hour. The later solution 

was slowly added to the first solution after the completion the mixture was further stirred 

for an hour. From UV-vis analysis it was observed that sodium borohydride severed not 

only as a reducing agent but also as a stabilizer, which protects the aggregation of silver 

nanoparticles. 

5.3 Toxicity of nanoparticles  

In this study, it was observed that groups of gout induced mice treated with silver 

oxide nanoparticles had a decreasing effect on the RFTs thus reducing the gout in mice. 

However, LFTs of Group 4 in which the mice were treated with higher concentration (20 

ppm) of silver oxide nanoparticles had increased ALT and AST levels in comparison to 

negative and positive control thus indicating liver damage. However, mice administered 
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with lower concentration of silver nanoparticles showed lower levels of LFTs in 

comparison to negative as well as positive control. Park et al., (2010) observed the 

toxicity, distribution and biochemical effects of silver NPs of various size. In that study 

the mice were orally administered with 1 mg/kg of silver NPs of various size (22 nm, 42 

nm, 71 nm and 323 nm) for the period of 14 days. It was observed that the smaller sized 

silver NPs were distributed in variety of organs in comparison to large silver NPs. TGF-β 

levels in mice administered with small sized Ag NPs increased as well as the distribution 

of B cells. It was also observed from tissues histopathological analysis that mice 

administered with 323 nm did not caused any toxicity. Furthermore, High doses of Ag 

NPs of 42 nm in size for 28 days revealed from biochemical and histopathological 

analysis that the Ag NPs had an adverse effect on liver and kidney with the increase in 

various cytokines, TGF- β, IgE production and B-cells distribution in serum. From this 

study it can be assumed that increase in various cytokines, TGF- β, IgE production and 

B-cells distribution in serum after the oral administration of small nanoparticles under 

repeated lower concentration can be helpful in lowering serum uric acid levels. 

Similarly, Razavian et al., (2014) researched the effect of silver nanoparticles on 

the blood parameters. In their experiment, drinking water of mice was replaced with 

solution containing silver nanoparticles at various concentrations. Various blood 

parameters were monitored after the administration of silver nanoparticles. It was 

observed that rat administered with 35 ppm of nanoparticles had a significant increase in 

blood testosterone and blood cortisol was decreased.  

Research showed that the groups 11, 12 and 13 in which the gout induced mice 

were administered with 5 ppm, 10 ppm and 20 ppm of iron oxide nanoparticles 

respectively. It was observed that liver enzymes of Group 11 in which mice were treated 

with lower concentration of iron oxide nanoparticles were considerably lowered in 

comparison to the negative control. However, groups 12 and 13 in which the mice were 

treated with higher concentration of iron oxide nanoparticles showed slightly an apparent 

increase in the liver enzymes in comparison to the negative control similarly Lasagna-

Reeves et al., (2010) studied the blood biochemistry and toxicity of gold nanoparticles 
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administered to mice. Different doses of gold NPs at different concentrations were 

intraperitoneally administered to the mice every day for eight days. It was observed that 

the gold level in blood did not increase whereas the organs had an increase in gold levels 

which indicated the efficient tissue uptake. From results, it was indicated that the 

accumulation of these gold did not produced any sub-acute physiological damage. 

Likewise Jain et al., (2008) studied the biocompatibility, biodistribution and clearance of 

iron oxide magnetic nanoparticles. In their experiment rats were administered with 10 

mg/ml of iron oxide nanoparticles through intravenous injection. After the intravenous 

administration of nanoparticles, changes in blood serum and iron levels in tissue were 

analyzed for over 3 weeks. To evaluate the effect of iron nanoparticles on liver ALT, 

AST, alkaline phosphatase and total iron-binding capacity (TIBC) were measured with 

time. The tissues were also analyzed for oxidative stress and histology was also utilized 

to determine the biocompatibility of these nanoparticles. It was observed that the serum 

iron levels gradually increased for 1 week but slowly decreased thereafter. Serum showed 

a temporary increase in the ALT, AST, alkaline phosphatase and TIBC over a period of 

6-24 h following the administration of nanoparticles. Histological analyses of liver, 

spleen, and kidney samples collected at 1 and 7 days showed no apparent abnormal 

changes. From their study it was concluded that iron oxide magnetic nanoparticles did not 

cause long term changes in liver enzymes or induce oxidative stress.  

Esmaeillou et al., (2013) examined the toxicity of orally administered ZnO 

nanoparticles in mice and its effects on different serum-elements and sexual hormones in 

the mouse. Histopathological changes were also studied in their research. From their 

experimentation it was revealed that the AST and ALT levels were raised in comparison 

to the control thus indicating hepatic injury. Furthermore, Espanani et al., (2015) studied 

the toxic effect of zinc oxide nanoparticles in rats. In their study they administered zinc 

oxide nanoparticles in concentrations of 20 and 40 mg/kg every other day for 21 days and 

200 and 400 mg/kg in a single dose for 7 days. It was observed that there were significant 

decreases in lymphocytes and platelet counts while significant increases in white blood 

cells counts, hemoglobin and hematocrit was observed after acute dose in experimental 
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group as comparison to control group and there were no difference in red blood cells 

count in all the groups. Furthermore, Baek et al., (2012) studied the pharmacokinetics, 

tissue distribution and excretion of zinc oxide nanoparticles in rats. In their experiment, 

rats were orally administered with 20 nm and 70 nm of ZnO nanoparticles at various 

concentrations. It was observed that the plasma zinc concentration was increased in 24 h.  

ZnO nanoparticles were mainly distributed in organs such as liver, kidney and lungs. 

Through elimination kinetics it was observed that the small amount of ZnO nanoparticles 

were excreted out through the urine while majority of nanoparticles were excreted out 

through feces. From their experiment it was concluded that after a single dose 

nanoparticles were not easily absorbed into the blood stream through gastrointestinal 

tract. In our present experiment it was observed that the groups 5, 6 and 7 which were 

administered with 5 ppm, 10 ppm and 20 ppm ZnO nanoparticles respectively showed a 

decrease in WBCs count in comparison to the negative control. . However, there was a 

significant increase in the RBCs, haemoglobin and platelets count in comparison the 

negative control and the normal mice. Moreover, it was observed that in lower 

concentrations (Groups 2 and 3) zinc oxide nanoparticles had a slight increase in the 

AST, ALT and alkaline phosphatase levels. However, in Group 4 in which mice were 

treated with higher concentration (20 ppm) of zinc oxide nanoparticles had a drastic 

increase in AST, ALT and alkaline phosphatase levels thus indicating hepatic damage.  

 Turmeric nanoparticles were orally administered to mice which were induced 

with gouty arthritis. From biochemical tests it was observed that blood urea, uric acid and 

creatinine levels were decreased significantly in comparison to negative and positive 

control, thus reducing the gouty arthritis. Akhtar et al., (2011) studied the effect of 

curcumin bound chitosan nanoparticles on Plasmodium yoelii infected mice. Curcumin is 

a chemical found in turmeric. These curcumin coated chitosan nanoparticles were orally 

administered to Plasmodium yoelii infected mice. When these particles are administered 

orally, bioavailability of these particles in plasma and RBCs increases. Mice infected 

with Plasmodium yoelii infection died between 8 and 9 days. Feeding them chitosan 

nanoparticles alone made them survive for 5 days longer. Administration 1 mg of native 
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curcumin lead to the survival of one third of the mice while administration of 1 mg of 

curcumin bounded chitosan particle lead to the survival of every mice. In our present 

study In this present study it was observed that mice in positive groups (Group 26 and 

27) which were treated with clinically available drug allopurinol in two concentration had 

a drastic effect on liver. Liver enzymes i.e. ALT, AST and alkaline phosphatase were 

higher in comparison to the normal mice, negative control and was even higher than most 

of experimental groups, thus indicating hepatic damage. Similarly, Fagugli et al., (2008) 

studied acute renal and hepatic failure associated with allopurinol treatment. The 

therapeutic approach for the treatment of gout includes the use of xanthine oxidase (XO) 

inhibitors which blocks the biosynthesis of uric acid. Allopurinol an XO inhibitor is 

clinically used for the treatment of gout.  Although, this drug causes many side effects 

such as nephropathy, hepatitis and some allergic reactions. Furthermore, XO is a 

biological source of oxygen free radicals which carries oxidative damage to tissues 

causing aging, ischemia reperfusion carcinogenesis, hepatitis and inflammation (Matata 

and Elahi 2007). 

 From the experiments it was revealed that Group 14 in which the gout induced 

mice were treated with 5 ppm of turmeric nanoparticles showed the best results among all 

the nanoparticles which were administered. The uric acid levels were reduced to 1.5 ± 

0.4472 (P Value < 0.05) after the oral administration of 5 ppm turmeric NPs. The 

comparison of nanoparticles having the best results can be visualized in Figure 5.1. 
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Figure 5.1 Graphical comparison of nanoparticles having the best results in lowering 

the uric acid levels  

 It can be concluded that blood biochemical analysis revealed that the Group 11 (5 

ppm of FeO NPs), Group 14 (5 ppm of Turmeric NPs), Group 16 (20 ppm of Turmeric 

NPs), Group 19 (20 ppm of Garlic NPs) and group 23 (5 ppm turmeric-oil) NPs showed 

positive effect on the renal function test. Urea, uric acid and creatinine, they had 

exponential decrease in comparison to the negative control. Furthermore, the swelling of 

ankles resulting from gout also decreased in these Groups. Liver function tests revealed 

the possible toxicity of Group 4 (20 ppm of AgO NPs) and Group 13 (20 ppm of FeO 

NPs) because of increased ALT, AST, alkaline phosphatase and bilirubin. 

 The limitation of this study was a molecular and cellular study could have further 

elaborated the mode of action of these nanoparticles and their effects at molecular level. 

However, further research is needed to fully understand the effects of nanoparticles in the 

treatment of hyperuricemia and gout.  
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6. Conclusion 

 It can be concluded from this research that the synthesized zinc, turmeric, garlic 

and cinnamon have potential in treating gout. Renal function test of these groups revealed 

that the uric acid levels were considerably decreased as well as the swelling of ankles 

also decreased. Moreover, the mice in Group 23 which were locally administered with 5 

ppm of Turmeric-oil NPs had astonishing effect in decreasing the swelling of mice 

ankles. It was also resulted that some of these NPs caused toxicity which was revealed 

from the liver function tests and blood count. Further research needs to be conducted 

regarding the potential of these nanoparticles for the treatment of gout.       

 

 

Figure 6.1 Graphical Abstract of the experiments conducted during the thesis 
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