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The current study described the synthesis of novel low dose PVA capped Etoricoxib (ET) and montelukast
(MT) conjugated Zinc Oxide (ZnO) nanomaterials (NMs) as potential anti-inflammatory, analgesic and
antipyretic agents. A facile coprecipitation protocol was used for synthesis of NMs by combination of
ET, MT and ZnO NP. The efficient synthesis of ET and MT conjugated ZnO NMs were confirmed through
UV–visible, XRD, FTIR and DLS analysis. Data of in vivo anti-inflammatory activity indicated that potency
of ZnO NMs was found to be greater than drugs (ET and MT). Analgesic potency of NMs was much higher
than that of drugs (ET and MT). The in vivo antipyretic activity indicates that the results of NMs and drugs
(ET and MT) are of similar effect but that of NMs are more potent based on per weight basis. A wide ther-
apeutic window was shown by the acute toxicity study carried out via LD50 method. It is concluded that
the novel low dose PVA capped ET and MT conjugated ZnO NMs were potential analgesic, antipyretic and
anti-inflammatory agents.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The response of the body to injury, like tissue damage and
repair, is inflammation (Kwiecien and McHugh, 2021; Vane and
Botting, 1996). Pain, fever and inflammation can be usually
demonstrated in patient of cancer (Walia and Thakur, 2021),
arthritis (Gupta et al., 2021) and other infections (Harb et al.,
2021). Nonsteroidal anti-inflammatory drugs (NSAIDs) are the
most commonly prescribe drugs for the treatment of inflammation,
fever and pain (Kaduševičius, 2021; Sinniah et al., 2021) during
arthritis and cancer worldwide (Moore et al., 2015; Ullah et al
2019). The mechanism of action of NSAIDs is to inhibits cyclooxy-
genase (COX) which play vital role in the initiation of inflammation
(Singh et al., 2021). Apart from COX, lipoxygenases (5-LOX) and
leukotriene product are also responsible for initiation of inflamma-
tion in the body (Demirci et al., 2022; Liu et al., 2022). Phospholi-
pase A2 catalysis conversion of phospholipids to Arachidonic acid
(AA) (Crupi and Cuzzocrea, 2022; Zhou et al., 2021). Where conver-
sion of AA to prostaglandin and leukotriene is catalysed by COX
and 5-LOX respectively (Jiang et al., 2022; Sinha et al., 2013). There
two form of COX that is COX-1 (responsible for protection of lining
of stomach and production of thromboxane) and COX-2 (responsi-
ble for synthesis of prostaglandin which leads to inflammation).
Most of the NSAIDs (e.g. Naproxen, Diclofenac, Ibuprofen, Paraceta-
mol and Mefenamic acid etc) blocks both COX which leads to gas-
trointestinal (GI) problems (Domper Arnal et al., 2021; Hameed
et al., 2020; El-Mekkawy et al 2020), therefore selective COX-2
inhibitors are vital (Díaz-González and Sánchez-Madrid, 2015;
Sağlık et al., 2021). Although some selective COX-2 inhibitor
NSAIDs (valdecoxib, Rofecoxib, Celecoxib, Parecoxib, ET) were
synthesised but most of them (e.g. valdecoxib) were banned and
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withdrawn from market by FDA due to their sever cardiovascular
adverse effects (Pawlosky, 2013).

Although traditional NSAIDs and selective COX-2 inhibitors are
prescribed commonly for the treatment of inflammation, pain and
fever but their long term use leads to adverse side effects, and does
not inhibits 5-LOX and other leukotriene products (Sinha et al.,
2013). Therefore, an effort was made to synthesis PVA capped ET
and MT conjugated ZnO NMs. ZnO nanoparticle (NPs) were used
as nanocarrier of ET (selective COX-2 inhibitor) (Guvenal et al.,
2021) and MT (leukotriene inhibitor). The properties of nanoscale
materials (both physical and chemical properties) vary from bulk
form (Syed et al., 2021; Syed et al., 2013), therefore the potency
of the drugs is enhanced.
2. Experimental

2.1. Materials and instrumentation

Zinc nitrate hexahydrate (Zn(NO3)2�6H2O), sodium hydroxide
(NaOH), ethanol, ET, poly ethylene glycol (PEG, 6000), polyvinyl
acetate (PVA, 89–98,000, 99% hydrolysed) and MT were purchased
from Merck. Ultraviolet–Visible (UV–Vis) spectra were recorded
through UV–Vis spectrometer (Perkin Elmer, Lambda 25), at
National Centre for Physics Islamabad, Pakistan. The Fourier trans-
form infrared spectroscopy (FTIR) analysis was carried out at the
range of 500–4000 cm�1 through JASCO FT/IR-6600 at National
Centre for Physics Islamabad, Pakistan. FTIR is measuring the
vibrations of atoms, molecules and functional group which corre-
sponds to the matching frequency of the infrared beam. The X-
Ray Diffraction (XRD) spectra were performed for investigation of
crystallite size, miller indices and phase determination via D8
advance Bruker X-ray diffractometer (Bruker Germany) at National
Centre for Physics Islamabad, Pakistan. The spectra were calculated
in the range of 10–90 2h. Zetasizer or Dynamic light scattering
(DLS) was performed at Pharmacy Department, Quaid e Azam
University Islamabad, Pakistan. The size, shape, texture and mor-
phology of nanoparticles was investigated through Scanning Elec-
tron Microscopy (SEM) at PINSTIC Islamabad, Pakistan. The paw
volume was measured through Plethysmometer (UGO BASILE
7140) at Department of Biochemistry, Quaid e Azam University,
Islamabad Pakistan.

2.2. Synthesis of nanomaterials

2.2.1. Step 1. Synthesis of ZnO NPs
ZnO NPs were synthesised through coprecipitation method

(Raoufi, 2013). Zn(NO3)2�6H2O was used as precursor salt. Zn
(NO3)2�6H2O (Saravanan et al., 2018) was reduced through NaOH
to prepare ZnO NPs (Romadhan et al., 2016). 100 mM solution of
NaOH was added to 100 mM solution of Zn(NO3)2�6H2O @4 drop
per minute in the presence of PEG with constant stirring. The addi-
tion of NaOH was stopped when the pH was reached to 10. The
mixture was heated at 60 oC for 30 min. The pH was maintained
at 7 through washing with deionised water. Precipitate was col-
lected via filtration process. Precipitate was got dried at 60 oC.
The dried NPs were grinded and then calcinated at 500 oC for
4 h (Ghorbani et al., 2015; Luna and Commission, 2015).

2.2.2. Step 2. Synthesis of PVA capped ET and MT conjugated ZnO NMs
ZnO NPs were used as nanocarrier for the ET and MT (Fakhar-e-

Alam et al., 2014; Xiong, 2013). Solutions of ZnO NPs, ET and MT
were prepared in ethanol, which were sonicated for 1 h for com-
plete dissolution. Xml of ZnO NPs was kept on constant stirring,
and Yml of ET and Zml of MT were added to it @4 drop per minute
as shown in the Table 1. The mixture was post stirred for 2 h and
2

then post sonicated for 2 h. Drug loading efficiency was 75–80%.
The drugs were loaded on ZnO NPs through adsorption principles
(Gaihre et al., 2009). The NMs were isolated through centrifugation
at 6000 rpm for 1 h, which were then dried at 60 �C. ZnO NMs were
encapsulated with PVA @2.5%. The PVA capped ET and MT conju-
gated ZnO NMs (ZE1, ZE2, ZE3, ZE4, ZE5, ZE6 and ZE7) were dried
at 60 �C.

2.2.3. Quantification protocol
The aim of the quantification protocol was to evaluate the quan-

tity of ET and MT in the NMs. Therefore, the quantification was car-
ried out through UV/Vis spectroscopy (Jat et al., 2010). This
protocol was performed for separate as well as combined samples
of drugs. The UV/Vis spectrum was run at the wavelength of 200–
800 nm. The samples of drugs were prepared in ethanol. Different
ratios of ET and MT were loaded on ZnO NPs. The spectra were run
before and after loading on ZnO NPs and quantity of drugs was cal-
culated. 10 mg of each drug and NMs were dissolved in 20 ml of
ethanol in separate beakers. The samples were sonicated and cen-
trifuged (6000 rpm) for one hour. The difference in the quantity of
drugs, before and after loading on ZnO NPs, was calculated from
the UV/Vis spectra (Prajapati et al., 2022).

2.3. Bioactivity testing

2.3.1. In vitro anti-inflammatory activity
The primary rout of inflammation is denaturing of proteins in

the body (Chandra et al., 2012). Therefore, inhibition of denaturing
of protein is of primary concern to stop inflammation. In this
research work inhibition of denaturing of Bovine Serum Albumin
(BSA) activity (Chandra et al., 2012) was performed to measure
the potency of drugs (ET and MT) and NMs against inflammation
(Bailey-Shaw et al., 2017). Egg albumen method is also used for
in vitro anti-inflammatory activity but during incubation the egg
albumin may coagulate at high temperature which will affect the
results (Fig. 1).

Therefore, 5 mg/ml solution of each ZnO NPs, Et, Mt and ZnO
NMs (i.e. ZE1, ZE2, ZE3, ZE4, ZE5, ZE6 and ZE7) were prepared in
Dimethyl sulfoxide (DMSO), while that of Diclofenac sodium was
prepared in water as 2 mg/ml, and was used as standard. Then
0.9 ml of BSA solution (1% BSA in deionized water) was added to
0.1 ml solution of each sample. These solutions were incubated
for 20 min at 37 �C and then again incubated for 20 min at 55 �C.
And were evaluated with UV/Vis spectroscopy at 660 nm
(Leelaprakash and Dass, 2011) (Fig. 2).

2.3.2. In vivo anti-inflammatory activity
This activity was performed in albino mice through carrageenan

induced hind paw oedema method (Rahmawati et al., 2022). The
mice were weighed, marked and grouped in different cages. Vol-
ume of paw of mice was measured through Plethysmometer
(UGO BASILE 7140) before and after the treatment of carrageenan.
Carrageenan induces swelling and inflammation in the body,
therefore its inhibition is measured for evaluation of potency of a
drug. 1% carrageenan solution was prepared in normal saline and
its 0.1 ml was injected to left hind paw of each mouse. Doses of
drugs (diclofenac sodium (positive control), ET and MT) were given
@10 mg/kg body weight, and that of ZnO NMs were given @5 mg/
kg body weight through intraperitoneal (i.p.) injection. Volume of
paw was measured after each hour of treatment of doses for 3 h.
Drug or NMs was not given to the negative control group but were
only treated with normal saline (Moilanen et al., 2012; Ratheesh
and Helen, 2007).

Percent inhibition ¼ Vcontrol �� Vtestð Þ
Vcontrol

� 100



Table 1
Required quantities of ZnO, ET and MT.

S# Code ZnO (XmL) ET (YmL) MT (ZmL)

1. ZE1 20 80 0
2. ZE2 20 60 20
3. ZE3 20 50 30
4. ZE4 20 40 40
5. ZE5 20 30 50
6. ZE6 20 20 60
7. ZE7 20 0 80
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Fig. 1. UV/Vis spectrum of PVA capped ET and MT conjugated ZnO NMs.
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Fig. 2. FTIR spectrum of PVA capped ET and MT conjugated ZnO NMs.
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2.3.3. In vivo analgesic activity
In vivo analgesic activity may be carried out through hot-plate

method or acetic acid induced writhing method or both. Both
methods are used for measurement of basic pain, with equal
importance. In this research work, the in vivo analgesic activity
was carried out through hot-plate method of Eddy and Leimbach
(1953) in albino mice (O’Callaghan and Holtzman, 1975; Singh,
2022). Mice of both sexes were used in this activity. Average
3

weight of mice was 26–28 g. Doses of drugs (diclofenac sodium
(positive control), ET and MT) were given @10 mg/kg body weight,
and that of ZnO NMs were given @5 mg/kg body weight through i.
p. injection. Then each mouse was placed on hot plate at 55 �C for
30 s cut off time. The body movement of mice (i.e. jumping and
paw licking) were keenly observed. This activity shows that if the
NMs is more potent, then the mouse will takes more time on hot
plate, and pain will be more inhibited and vice versa (Pathak and
Argal, 2007).
2.3.4. In vivo anti pyretic activity
In vivo anti pyretic activity was performed through Brewer’s

yeast induced pyrexia method in albino mice (Estella et al., 2022;
Hassan et al., 2015). A dose of 10 ml/kg of 20% aqueous brewer’s
yeast solution was injected to mice through subcutaneous to
induce pyrexia (Makonnen et al., 2003). Body temperature of each
mouse was measure through lubricated rectal thermometer before
treatment of yeast solution. After 18 h body temperature of mice
was measured again. Those mice were selected for this activity
whose body temperature was increased by 0.6 �C. Doses of NMs
and drugs were given through i.p. injection to each mouse. Body
temperature of mice was measured for four hours after each hour
(Abbah et al., 2010).
2.3.5. In vivo acute toxicity activity
In vivo acute toxicity activity was carried out in albino mice

through the median lethal dose (LD50) method (Pohocha and
Grampurohit, 2001; Zhang et al., 2022). Doses of NMs (5, 10, 20,
50, 100 and 200 mg/kg body weight) were given to mice through
i.p. injection and were observed for 24 h after each dose. The pur-
pose of this activity was to measure the maximum safe amount of
NMs for organisms (Fig. 3).
2.4. Statistical analysis

The studied bioactivities data is expressed as standard error
mean (SEM). The mean ± standard deviation (SD) was calculated
for the data and then converted to SEM by the equation

%� SEM ¼ %� SD
ffiffiffi

3
p

3. Results and discussions

3.1. Structural analysis

3.1.1. UV–Visible analysis
Drugs (ET and MT), NMs and ZnO NPs were observed through

UV/Vis spectroscopy at the range of 200–800 nm wavelength (k).
The peak at k = 370 nm in the spectrum of ZnO is due to surface
plasmon resonance (SPR) (Ghorbani et al., 2015; Janani et al.,
2020). The characteristic SPR band of ZnO NPs was observed at
374 nm which has confirmed the synthesis of ZnO NPs (Patil and
Taranath, 2016). Characteristic peak of ET was observed at
233 nm (Cacciari et al., 2020; Singh et al., 2012), while that of
MT were observed at 284, 324, 343 and 360 nm (Saravanan
et al., 2008). The characteristic peak of ZnO (i.e. at 374 nm) disap-
pears in the ZnO NMs, which indicates the adsorption of the drugs
(ET and MT). The characteristic peaks of ET and MT were promi-
nent in those NMs where their concentration was higher. The pres-
ences of characteristics peaks of ET and MT indicate drug
conjugation in ZnO NMs (Fig. 4).
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Fig. 3. XRD spectrum of PVA capped ET and MT conjugated ZnO NMs.

Table 2
Crystallite size of nanoformulations.

S. NO Name Crystallite size (nm)

1. ZnO 19.73
2. Et 41.64
3. MT Amorphous
4. ZE1 22.41
5. ZE2 32.15
6. ZE3 20.45
7. ZE4 17.30
8. ZE5 21.38
9. ZE6 18.90
10. ZE7 21.42
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3.1.2. Fourier-transform infrared spectroscopy
The ZnO NPs, drugs and NMs were observed through FTIR spec-

troscopy at the range of 500–4000 cm�1. The characteristic peak of
ZnO NPs was detected at 555 cm�1 due to stretching vibrations of
Zn–O bonds which indicates the hexagonal phase of ZnO NPs
(Yedurkar et al., 2016). Characteristic peaks of Et were observed
at 1010, 1140 (corresponding to sulphone groups (–S=O)) (Wahid
et al., 2008), 1598.9 cm–1 (stretching vibration of C=N), 839.0,
781.1 and 638.0 cm–1 (stretching vibration of C–Cl) (Das et al.,
2011; Kesharwani et al., 2016; Patel et al., 2007). The characteristic
peaks of Mt were observed at 3396 (stretching of COOH), 2980
(aromatic stretching of C–H), 2925 (aliphatic stretching of C–H),
1610 (stretching of CC), 1595 (stretching of CN), 1497 (aliphatic
bending of C–H), 1132 (stretching of C–O), 1068 (aromatic stretch-
ing of C–Cl), 837 (aromatic bending of C–H), 697 (stretching of C–S)
(Priyanka and Hasan, 2012). The ZnO NMs follows the peak pattern
of Et and Mt, which indicates conjugation with ZnO NPs. Although
few of the peaks of Et and Mt were masked but most of them
appears which shows their adsorption on ZnO NPs.
Fig. 4. DLS and Zeta potential spectr

4

3.1.3. X-Ray diffraction
The XRD pattern was studied at the range of 10–90 2h for ZnO

NPs, drugs (ET and MT) and NMs. The characteristic peaks of ZnO
NPs were observed at 2 theta 32.5, 35.0, 36.9, 48.6, 57.7, 64.2
and 69.4 which were corresponding to 100, 002, 101, 102, 110,
103 and 200 planes of the Miller’s indices of ZnO NPs, respectively
(JCPDS data card NO 79-0207). The hexagonal structure of ZnO NPs
was indicated from the XRD spectrum (Prabhu et al., 2013). Char-
acteristic peaks of ET were observed in its XRD spectrum at
2h = 11.9, 13.3, 16.5, 16.6, 18.2, 20.2, 22.8, 24.2, 26.5, 28.7, 29.4,
30.3, 32.5, 32.9, 34.8, 36.1, 39.1, 40.1, 41.2, 42, 42.9, 45.7, 47.6,
49.3 and 53.2 (Senthilkumar and Vijaya, 2015). These peaks were
masked or disappeared in the NMs shows that ET was attached
or converted to amorphous form. MT has no characteristic peak
of XRD spectrum due its amorphous nature, but it has its specific
pattern which was observed. The particle or crystallite size of
drugs, NMs and NPs was calculate through Scherer’s equation
(Syed et al., 2022)

D ¼ 0:9k=bcosh

where D stands for crystallite size (Å), k for wavelength of X-ray
beam (1.54 Å), b for FWHM and h is for Bragg’s diffraction angle
(Sharma et al., 2011).

3.1.4. DLS analysis of PVA capped ET and MT conjugated ZnO NMs
DLS was used for determination of size and zeta potential val-

ues of NPs. The size of particle was determined in suspension
a of ZnO NP, ZE4, ZE5 and ZE6.



Table 3
Quantity of ET and MT in 10 mg of ZnO NMs.

S. NO 5 mg Etoricoxib (mg) Montelukast (mg) RSD (±)

1. ZE1 5.6 – 0.06
2. ZE2 4.3 1.3 0.08
3. ZE3 3.7 1.41 0.07
4. ZE4 2.89 2.69 0.08
5. ZE5 1.53 3.6 0.07
6. ZE6 1.49 4.2 0.05
7. ZE7 – 5.92 0.06

Table 4
In vitro anti-inflammatory activity.

S. NO Code Absorbance at 660 nm Inhibition (%) ± SEM

1. Negative control
(DMSO)

0.6900 0

2. ZE1 0.3822 44.60 ± 1.18
3. ZE2 0.3937 42.94 ± 1.53
4. ZE3 0.3088 55.24 ± 1.36
5. ZE4 0.147 78.69 ± 1.26
6. ZE5 0.1093 84.15 ± 1.14
7. ZE6 0.3822 83.57 ± 1.39
8. ZE7 0.3937 72.46 ± 1.65
9. ET 0.0221 96.80 ± 1.36
10. MT 0.1476 78.61 ± 1.95
11. ZnO 0.1557 77.43 ± 1.80
12. Positive control

(Diclofenac Sodium)
0.0755 89.06 ± 1.75
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through this technique. The size of ZnO NPs, ZE4, ZE5 and ZE6 were
217, 285, 298 and 291 nm, respectively (Table 2).

3.1.5. Quantification of ET and MT
The quantity of ET and MT was investigated in ZnO NMs

through UV/Vis analysis. The difference in the quantity of drugs,
before and after loading on ZnO NPs, was calculated from the
UV/Vis spectra. The wavelength for quantification of ET was
235 nm while for that of MT was 345 nm. But the best wavelength
for both drugs was 282 nm. It was confirmed that the encapsula-
tion efficiency (EE) was 70–75% Table 3, which was calculated
through the following formula

EE % ¼ Total drug addedð Þ � non� entrapped drugð Þ
Total drug added

� 100
3.1.6. In vitro anti-inflammatory activity
This activity is based on inhibition of denaturing of BSA,

because denaturing of protein is the cause of inflammation. The
% inhibition of denaturing of BSA was investigated through UV/
Vis spectroscopy at 660 nm fixed wavelength. The % inhibitory
effect was calculated through the following formula.
Table 5
In vivo anti-inflammatory activity.

Drug Dose
(mg/kg)

Inhibito

1 h

Negative control
(Normal saline)

– 6.37 ±

Positive control
(Diclofenac sodium)

10 68.84 ±

Et 10 65.19 ±
Mt 10 43.02 ±
ZE4 5 66.59 ±
ZE5 5 73.25 ±
ZE6 5 77.12 ±

5

Percent inhibition ¼ Abscontrol �� Abstestð Þ
Abscontrol

� 100

The denaturing of BSA was not inhibited in negative control,
therefore inhibition of drugs and NMs was compared with it. Albeit
the inhibitory effect of all the NMs was high but that of ZE4, ZE5
and ZE6 was very high. Therefore, these NMs were selected for fur-
ther evaluation through in vivo studies. Results of % inhibition of
denaturing of BSA through NMs is given in the Table 4 (Williams
et al., 2008).

3.1.7. In vivo anti-inflammatory activity
In this activity mice were treated with NMs @ 5 mg/kg body

weight, while dose of standards was given @10mg/kg body weight.
Mice were treated with 0.1 ml of carrageenan 1% solution through
left hind paw to induce inflammation, which may also leads to
swelling in the body. Therefore, the drugs and NMs were treated
to inhibit it. The % inhibition of inflammation was estimated from
the decrease in the volume of left hind paw of mice, which was
measured through Plethysmometer (Azeem et al., 2010;
Ilavarasan et al., 2006; Saleem et al., 2011). The following formula
was used for calculation of % inhibition of inflammation.

Percent inhibition ¼ Vcontrol �� Vtestð Þ
Vcontrol

� 100

The inhibition of inflammation was lower in first hour but
increased in second and third hour. The % inhibitory effect of ZE6
was higher which is shown in the Table 5. On per weight base
the inhibition of NMs was higher than free drugs (ET and MT).

3.1.8. In vivo analgesic activity
The hot plate method was used to evaluate albino mice for anal-

gesic activity (delay in the latency of pain response) where they
were treated with doses of drugs and NMs (ZE4, ZE5 and ZE6)
through i.p. injections. Then, the animals were placed on hot plate
at 55 ± 0.05 �C for 30 s cut off time to measure their tolerance
against pain (Alvarenga et al., 2013). The body movements like
jumping and licking of paws were keenly observed (Aziz et al.,
2019). The time of tolerance on hot plate was noted which has
indicated % pain inhibition. The % pain inhibition of ZE6 was very
high as compared to other NMs which is shown in the Table 6.
The analgesic potency of the NMs was higher than drugs (ET and
MT) albeit the dose on per weight base was half of the drugs and
standards.

3.1.9. In vivo anti pyretic activity
This activity was carried out in albino mice through Brewer’s

Yeast induced pyrexia method where the animals were treated
with 20% Brewer’s yeast @ 10 ml/kg body weight. Those mice were
selected for activity whose body temperature was raised for 0.6 �C
after 18 h of treatment of Brewer’s yeast. The mice were then trea-
ted with doses of drugs (ET and MT) and NMs through i.p. injec-
ry effect (%) ± SEM

2 h 3 h

1.08 4.75 ± 1.03 5.93 ± 1.02

1.23 71.33 ± 1.12 85.78 ± 1.24

1.21 64.30 ± 1.53 79.26 ± 1.42
1.24 48.10 ± 1.35 57.04 ± 1.45
1.24 62.16 ± 1.24 74.42 ± 1.24
1.24 75.00 ± 1.24 76.84 ± 1.24
1.24 60.30 ± 1.24 81.67 ± 1.24



Table 6
In vivo analgesic activity.

Drug Dose
(mg/kg)

Inhibitory effect (%) ± SEM

1 h 2 h 3 h

Negative control
(Normal saline)

– 7.79 ± 1.02 6.20 ± 1.10 3.03 ± 1.21

Positive control
(Diclofenac sodium)

10 58.34 ± 1.21 83.38 ± 1.24 83.22 ± 1.45

Et 10 24.30 ± 1.24 35.37 ± 1.10 48.61 ± 1.15
Mt 10 (Kolhe and Kale, 2017) 9.53 ± 1.32 7.95 ± 1.24 6.41 ± 1.42
ZE4 5 20.20 ± 1.11 36.28 ± 1.32 53.68 ± 1.55
ZE5 5 23.22 ± 1.21 30.22 ± 1.29 56.59 ± 1.65
ZE6 5 35.33 ± 1.39 57.04 ± 1.42 76.29 ± 1.43

Table 7
In vivo anti pyretic activity.

Drug Dose
(mg/kg)

Temperature (0F)

Before yeast injection 0 h 1 h 2 h 3 h 4 h

Negative control
(Normal saline)

– 98.6 101 101 101 101 101

Positive control
(Paracetamol)

20 (Abbah et al., 2010) 98.6 100 98.6 98.6 98.6 98.6

Et 20 98.6 99.8 99 98.6 98.6 98.6
Mt 20 (Kolhe and Kale, 2017) 98.6 100.7 101 101 100.5 100.5
ZE4 5 98.6 101 99.4 99 98.6 98.6
ZE5 5 98.6 100.5 99 98.6 98.6 98.6
ZE6 5 98.6 101.4 98.6 98.6 98.6 98.6
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tions. Body temperature was measure after each hour for 4 h
through lubricated rectal thermometer. Body temperature of mice
was controlled in the first hour by ZE4, ZE5 and ZE6 which is
shown in the Table 7. It indicates the higher potency of NMs.

3.1.10. In vivo acute toxicity activity
This activity was carried out in albino mice through median

lethal dose (LD50) method. Different doses of NMs were given to
mice and were keenly monitored for a period of 24 h. The mice
were natural up to a dose of 100 mg/kg body weight. But died
when the dose was increased to 200 mg/kg body weight. It was
confirmed that the NMs were acute toxic at or above 200 mg/kg
body weight (Parra et al., 2001). According to the results of LD50
method of in vivo acute toxicity activity, these NMs were placed
in category 3.

4. Conclusion

It is concluded that the novel low dose PVA capped ET and MT
conjugated ZnO NMs were potential analgesic, antipyretic and
anti-inflammatory agents. Data of the in vitro anti-inflammatory
activity indicates that ZE4, ZE5 and ZE6 has inhibited the denatur-
ing of BSA at about 78–83%, therefore they were further evaluated
through in vivo bioactivities. Potency of ZE6 was greater than that
of MT and ET during in vivo anti-inflammatory activity. Analgesic
potency of NMs was much higher than that of drugs (ET and
MT). On per weight basis, the antipyretic potency of the NMs
was higher than drugs (ET and MT). The results of LD50 method
of in vivo acute toxicity activity have placed the NMs in category
3. The conjugation of NMs was confirmed from different spectro-
scopic techniques.
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