
O R I G I N A L  R E S E A R C H

Therapeutic Potential of Zinc Oxide-Loaded 
Syringic Acid Against in vitro and in vivo Model of 
Lung Cancer

This article was published in the following Dove Press journal: 
International Journal of Nanomedicine

Ning Yang1 

Feng Qiu2 

Feng Zhu3 

Lei Qi4

1Tumor Research and Therapy Center, 
Shandong Provincial Hospital Affiliated 
to Shandong First Medical University, Jinan, 
Shandong 250021, People’s Republic of 
China; 2Department of Pain Management, 
Shandong Provincial Hospital Affiliated to 
Shandong First Medical University, Jinan, 
Shandong, 250021, China; 3Department of 
Thoracic Surgery, Shandong Provincial 
Chest Hospital, Jinan, Shandong 250013, 
People’s Republic of China; 4Department of 
Thoracic Surgery, Qilu Hospital, Cheeloo 
College of Medicine, Shandong University, 
Jinan, Shandong Province 250012, People’s 
Republic of China 

Introduction: Lung cancer is one of the most aggressive forms of cancer that leads to 
a high mortality rate amongst several cancer types and it is a widely recurrent cancer 
globally. The use of zinc oxide nanoparticles (ZnONPs) in the formulation of sun cream, 
food flavors, and colorings due to its varied biological properties. The extensive significance 
of nanoparticles encourages their production but the approaches are a common challenge in 
concluding the direct beneficial effect for the disease treatment. Hence, in the present study, 
zinc oxide-loaded syringic acid (ZnO-SYR) phytochemical was used to elucidate the ther-
apeutic effect against lung cancer.
Methods: The ZnO-SYR nanoparticles were synthesized and characterized by UV-visible 
spectroscopy, X-ray diffraction, dynamic light scattering, and FT-IR analysis. The character-
ized ZnO-SYR was tested on in vivo mouse model of lung cancer (benzo(a)pyrene (BAP)) 
and in vitro A549 cells.
Results: The results demonstrated the significant restoration of body weight with attenuated 
serum marker enzymes compared to BAP-treated animals. In addition, cytokine estimation 
revealed ameliorated levels of TNF-α, interleukins, IL-6, IL-1β with evidenced histological 
observations in ZnO-SYR-treated mice compared to BAP-induced lung cancer mice.
Discussion: Furthermore, cytotoxicity analysis demonstrated the altered mitochondrial 
membrane potential (MMP), with a profound increase in reactive oxygen species (ROS) 
levels, and apoptosis mechanism by ZnO-SYR compared to control cells. The conclusions of 
the present study put forward an evident confirmation of the protective and beneficial effects 
of zincoxide-loaded syringic acid against the BAP-induced lung cancer model.
Keywords: zinc oxide nanoparticles, syringic acid, lung cancer, apoptosis, A549

Introduction
Lung cancer is one of the aggressive forms of cancer that leads to a higher mortality 
rate up to 15–17% of all cancer types.1 As stated by the World Health Organization, 
the estimates of lung cancer were found to be 2.09 million cases (as of 2018) with 
increasing new incidences and death rates surpass that of the prostate, colon, and breast 
cancers collectively.2 It is generally diagnosed at a stage, which is not treatable as the 
surgical treatment is risky accompanied by the side effects due to radiation and 
chemotherapy. Tobacco usage in the form of smoking is the foremost reason for the 
incidence of lung cancer and accounts for roughly 90% of entire cancer victims.3 As 
mentioned above, the treatments such as surgical removal, radiation, and chemother-
apy not only abolish cancer cells in the pathway of the beam but the healthy cells too to 
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some extent. At some point of time, these treatments in turn 
stimulate further metastasis that makes the condition worse. 
The chemotherapy uses drugs to terminate cancer cells, 
typically through hindering the proliferation of cancer cells. 
This treatment procedure has been beneficial and improves 
the lifetime of individuals with lung cancer at all stages.4,5

Recent therapies including CART cells, stem cells, tar-
geted therapy, viral vectors and nanomaterials are in the 
attractive stage at the research level. Among the scientific 
evidence on the use of nanoparticles, combined nanomedi-
cine with traditional plant-based-treatment method fits in the 
arena of nanotechnology which exploits fabricated nanopar-
ticles (NPs) with plant metabolites shows promising results 
against cancer treatment. This treatment has the effective 
competence to target and hinder cancer at its initial phase. 
Nanomedicine is extremely consistent due to its effective 
aiming, excellent solubility, bio-accessibility, and numerous 
assets over outdated techniques of existing cancer 
treatments.6,7 Among several nanoparticles accessible, zinc 
oxide nanoparticles (ZnONPs) have enhanced consideration 
currently for its powerful and effective anticancer, antibac-
terial, and antifungal possessions.8 At present, ZnONPs are 
primarily cast-off in managing cancer and it is initiated to 
display cytotoxicity in numerous cancer cells.9–13 ZnONP’s 
make a substantial contribution to the expansion of 
approaches in the drug delivery in cancer. It is also evident 
to be extremely effectual, soluble, steady, cost-effective, and 
toxic less that makes it simple to influence the directed 
locations of the deed. The effectual exploit of ZnONP’s 
fallouts in deprivation of mitochondria which leads to aug-
mented reactive oxygen species, lipid peroxidations, and 
impairment to DNA is well studied.14–19

Consequently, consideration has moved to both nutritive 
and non-nutritious phytoconstituents that exist in the natural 
plant-related nourishment as probable chemotherapeutic 
agents. Preceding outcomes estimate that more than 
a thousand dissimilar phytochemicals hold beneficial and ther-
apeutic activities.20 Recent scientific attention in managing 
cancer with the exploitation of existing phytoconstituents for 
chemotherapy is the need of the hour.21 In current years, 
cumulative devotion has been engrossed on plant and food 
resultant phytoconstituents as possible anti-cancer drugs. 
Roughly, 70% of entire medicines utilized currently for the 
action against cancers are obtained from herbal sources.22 

Amongst, syringic acid (4-hydroxy-3,5-dimethoxybenzoic 
acid) is a polyphenolic compound present in grapes, pumpkin, 
honey, olives, red wine, dates, and acai palm. Syringic acid 
also exists in high percentage in plants, namely Hemidesmus 

indicus, Annona squamosa, Raphanus sativus, Tagetes erecta, 
Linn flower, and Catunaregam. Syringic acid has formerly 
reported possessing solid antioxidant properties as well as 
anticancer, anti-angiogenic, hepatoprotective, neuroprotective, 
anti-osteoporotic, and anti-steatotic effects. Numerous extracts 
and several plants that contain syringic acid have established 
anti-inflammatory activities.23–30 Scientific literature suggests 
that syringic acid has a possible therapeutic effect on A549 
lung cancer cells.31 Hence, in the present study, the protective 
effect of zinc oxide-loaded syringic acid (ZnO-SYR) was 
illuminated against in vitro A549 cells and in vivo mouse 
model of benzo(a)pyrene (BAP)-induced lung cancer.

Materials and Methods
Chemicals
Syringic acid, benzo(a)pyrene (BAP), bovine serum albu-
min, were procured from Sigma Aldrich, United States of 
America. All other chemicals utilized in the present work 
were of diagnostic grade.

UV-Visible Spectroscopy Examination
The formulated ZnO-SYR nanoparticles were confirmed 
via UV-Visible Spectrophotometer (Agilent Scientific 
Instruments, Shimadzu Model) with an absorbance wave-
length from 380nm to 700nm.32

X-Ray Diffraction (XRD) Analysis
To capture the appearance and dimensions of formulated 
zincoxide nanoparticles (ZnO-SYR), XRD was employed. 
Samples were solubilized in ultrapure water and then 
washed thrice, subsequently centrifugation. The resultant 
pellet was gathered and permitted to dry. Samples were 
placed on the XRD grid and the images were captured at 
40kV and 30mA with beta and alpha radiation using XRD 
(Microprocessor controlled 1710 Philips Model). The 
diluted powers were established from 25°C to 85°C at 
2θ. The ZnO-SYR was envisioned from the array of 
XRD peak, via the formula (Debye-Scherrer).33 The 
photoluminescence capacity of the fabricated ZnO-SYR 
was inspected via spectrofluorimeter at the wavelength of 
340 to 800nm (PerkinElmer, Waltham, USA).

Fourier Transform Infrared (FTIR) 
Analysis
FTIR has been widely used to identify functional clusters, 
metal subdivisions, and organic fragments or molecules. 
FTIR bands were long-established at 1cm−1 wave by FTIR 
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spectrophotometer (IRTracer 100 Shimadzu, Japan) using 
the Potassium Bromide technique.34 The occurrence range 
was captured as a wave or movement typically in the range 
of 4500–4000 cm−1.

Dynamic Light Scattering (DLS) Analysis
To regulate the magnitude or measurement of the particle 
via DLS, we executed the standardized approach estab-
lished by (Kumar et al 2005).35 In this method, 0.01gm of 
polymer precipitate comprised of 12mmol silver nitrate 
extracted in 20mL distilled solutions.

Experimental in vivo Lung Cancer Model
Healthy male adult swiss albino mice (18–25g) were uti-
lized in the current investigation. Animals were acquired 
from the Shanghai Laboratory Animal Center (Shanghai, 
China). All the animals used in this study complied with 
animal care strategies by the National Institutes of Health, 
United States. The studies were permitted by the 
Institutional Animal Ethics committee, Shandong 
University, Jinan, Shandong Province, 250,012, China 
(IAEC No:2020SDPH2819). Mice were acclimatized in 
a 12-hr light/dark cycle with a continuous proportional 
humidity of 60% and a temperature of 25°C. Before 
experimentations, all mice were shifted to their new 
experimental condition for at least one week and fed 
with regular food and water ad libitum.

Experimental Procedure
Mice were grouped into four with six mice in each. Group-I 
mice were administered with corn oil as vehicle control. 
Group-II mice challenged with BAP (50mg/kg b.wt) via 
orally two times a week, for four following weeks from 
the second to sixth week. Group-III mice treated with ZnO- 
SYR (20mg/kg b.wt, liquified in corn oil) commencing from 
the twelfth week of the investigation and with BAP until the 
completion of the experimental schedule. Group-IV animals 
were administered with ZnO-SYR alone for 18 weeks.

Body Weight and Biochemical Analysis
The lung weight and body weight of normal and experimen-
tal mice were calculated. Also, the estimation of protein in 
serum and lung tissues was performed as described 
previously.36 Serum marker enzymes, AHH (aryl hydrocar-
bon hydroxylase),37 GGT (γ-glutamyl transpeptidase),38 5′- 
NT (5 ′-nucleotidase),39 and LDH (lactate dehydrogenase)40 

were examined as described earlier.

Evaluation of Cytokine Level and 
Carcinoembryonic Antigen (CEA)
Cytokines such as IL-1β, TNF-α, IL-6 and CEA were 
estimated using an enzyme-linked immunosorbent assay 
(ELISA) kit as per protocols of manufacturer instruction 
(Thermo Fischer Scientific, USA).

Histological Observations
For histopathological examinations, a portion of lung tis-
sue was fixed in formalin and embedded in paraffin, sec-
tioned as 5µm sections and stained using with H&E stain 
and examined using optical microscope.4

MTT Assay
A549 cells were cultured using DMEM media supplemented 
with 10% fetal bovine serum and allowed to reach confluent 
before the experiment. The cytotoxicity of ZnO-SYR was 
tested in cells using MTT dye.41 Briefly, cells were seeded in 
a microtitre plate with various concentrations of ZnONP’s 
syringic acid (1 to12.5µM). After 24hr of exposure to ZnO- 
SYR, MTT (50µL) was added to the cells and then kept in 
the darkroom at room temperature for 3hr. Subsequently, the 
growth medium was eliminated, and resultant formazan 
crystals were dissolved in dimethyl sulfoxide (200µL) and 
the absorbance was read at 540nm. The percentage of cell 
viability was calculated and compared between groups. In 
addition, trypan blue (1%) was added t the cells to get 
a visual identification of cell viability.

Determination of Intracellular ROS
The status of ROS release was detected using 2,7-dichlor-
ofluorescein diacetate (DCFDA; Sigma, Aldrich, USA) 
dye.41 ZnO-SYR (5µM and 7.5µM) were added to the 
microtitre plate cultured with A549 cells and incubated 
for 24hr. Following the exposure, the plates were washed 
thrice with saline and incubated with DCFDA dye (20µM) 
for 30min at 37°C. Then, corresponding cells resuspended 
in saline (200µL) and fluorescence were recorded in 
a microplate reader (Winooski, Vermont, USA) at an exci-
tation and emission wavelengths of 538nm and 495nm. 
The amount of ROS release was done utilizing 
a fluorescence microscope (Leica Biosystems, Singapore).

Mitochondrial Membrane Potential 
(MMP)
MMP status was illuminated using 5,5ʹ,6,6ʹ-tetrachloro 
-1,1ʹ,3,3ʹ-tetraethylbenzimidazolcarbocyanine iodide.42 
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Cells exposed to ZnO-SYR (5µM and 7.5µM) were sub-
jected to trypsinization and washed twice with phosphate 
buffer saline. Then, ZnO-SYR treated cells were sustained 
with MMP dye, JC-1 (10µM) for 10min at 37°C were 
washed with PBS. The cells were picturized for red and 
green fluorescence under a fluorescence microscope (Leica 
microsystems).

Acridine Orange/Ethidium Bromide (AO/ 
EB) Staining
Cells were loaded in 12-well plates and exposed to ZnO- 
SYR (5µM and 7.5µM) for 24hr. Following this, the plates 
were washed with saline43 and stained with 100μg/mL AO 
and 100μg/mL ethidium bromide and examined using 
a fluorescence microscope (Thermo Fischer 
Scientific, USA).

Cell Adhesion Assay
Cultured A549 cells exposed to ZnO-SYR (5µM and 
7.5µM) for 24hr were fixed with paraformaldehyde and 
to the cells, crystal violet dye was added and incubated for 
20min. After 20min, the excess crystal violet was washed 
with PBS and observed under light microscope.44

Statistics
Data were given as mean±SEM and statistics were 
assessed through the one-way ANOVA with Dunnett post 
hoc test to accomplish significance relative to control 

using SPSS v. 16.0 software (SPSS Incorporation, USA). 
p ˂ 0.05 was regarded as significant.

Results
Characterization of UV-Visible 
Spectroscopy and DLS
The formation of zinc oxide-loaded syringic acid nanopar-
ticles was inspected via UV-Vis spectroscopy. UV-Vis 
spectra of NPs were illustrated in (Figure 1). UV-Vis 
absorption of ZnO NPs had the highest peak at 367 nm 
that is comparable to the absorbance of ZnONPs. After 
incubation, the color of the nanoparticles changed as seen 
in the excitation of surface plasmon environment. The 
reduction of zinc was confirmed through the inspection 
through UV-Vis spectroscopy. The spectra of ZnO 
NPs have a peak at 289nm, and the expansion of peak 
stipulates that the essential ingredients are detached. The 
consistency and extent of the surface plasmon absorption 
rely on the capacity and method of the metallic NPs and 
also on the dielectric consistent of metals and the adjacent 
intermediary.45 Syringic acid and zinc nitrate altered the 
ZnONP’s color. The maximum concentration at 367nm 
was investigational that designates the complete deteriora-
tion of zinc ions. UV-Vis spectra of ZnONPs exhibited 
absorbance at 367nm that supports an estimated reliable 
mass of the NPs.

DLS is a technique utilized for the measurement, size 
distribution, delineation, and polydispersity pointer of the 

Figure 1 UV–visible spectrum of ZnO nanoparticles from syringic acid. UV-VIS absorption spectra of ZnONPs loaded syringic acid. The peak values for UV-VIS plotted 
between ZnO-NPs/absorbance ratios. Maximum peak is at 367nm. All solutions were prepared in double-distilled water.
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fabricated NPs. Figure 2 displays the particle dimensions 
of the nanosheets illustrations. After examining the statis-
tics, it was inferred that ZnO loaded syringic size was in 
120nm. The highest portion of ZnO loaded syringic acid 
present in the solution was of 50.50nm.

Photoluminescence and X-Ray Diffraction 
Analysis
Figure 3A exhibits the photo-luminescent spectra of the 
formulated ZnONPs. The photoluminescence spectra con-
firmed the distinctive and highest peak in a wavelength at 

Figure 2 Intensity Distribution of zincoxide-loaded syringic acid nanoparticles by DLS. DLS study of zincoxide-loaded syringic acid contents 0.2 mol/L.

Figure 3 Photoluminescence and X-ray diffraction studies of zinc oxide syringic acid nanoparticles. XRD reveals the formulation of zinc oxide via reduction of hyaluronic 
acid using syringic acid. The diffracted intensities was noted from 20° to 80° at 2 theta angles. The diffracted pattern is illustrated in the above figure noticeably matched to 
unpolluted graphene oxide.
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644.64nm. It was proved the photo-luminescent asset of the 
fabricated ZnONPs. Figure 3B reveals that the diverse peaks 
in a XRD that proving the existence of crystalline ZnONPs 
with a hexagonal shape. XRD patterns exhibited the diver-
gent peaks in a band of 2θ from 25° to 75° angles. The 
fabricated ZnO NPs were indexed as 100, 002, 101, 102, 
110, 103, 200, 112, 201, and 004. Zinc was excited and 
indexed at 101 and 100. Additionally, no other peaks were 
noted in the sample and distinguished the fabrication of 
ZnONPs in a great transparency. Biological formulation of 
ZnONPs displayed sturdy diffraction peaks that coincided 
with the JCPDS folder No: 36,145. The maximum pureness 
and crystalline structures of formulated ZnONPs are 
evidenced.

Results of FT-IR Analysis
FT-IR investigation was utilized to distinguish the functional 
groups that were liable for the deteriorating of metallic ions 
into ZnONPs in the existence of syringic acid (Figure 4). 
The phytonutrient instigated syringic acid was implicated for 
the confirmation of a variability of NPs. FT-IR of syringic 
acid exhibited frequently integrated peaks extended from 
3434cm−1 to 444cm−1. Figure 4 displays the illustrative 
FTIR spectrum attained from syringic acid. The frequency 
from 3434cm−1 peaks represents the OH extending tremor, 
and the appearance of amino acids and carbohydrates. The 
2923cm−1 peaks signified the carbon and hydrogen stretch-
ing especially, lipid molecule. The occurrence of peaks from 
1625cm−1 peaks is Amide I: C=O extending, i.e. protein 
molecules. Frequency of 1383 cm−1 peak denotes, sulfur 

complexes. Frequency series from 1121 cm−1 peaks demon-
strate the C-N stretching of amino acids.

Outcome of Body, Lung Weight and 
Tumor Morphology of Zinc 
Oxide-Loaded Syringic Acid-Treated 
Animals
Table 1 displays the outcome of BAP induction and 
ZnO-SYR on lung and body weight, and tumor occur-
rence. Results showed decreased body (P < 0.05), aug-
mented lung weight, and increased tumor induction in 
BAP alone treated group-II mice compared to control. 
While post-initiation with ZnO-SYR (20mg/kg b.wt) 
along with BAP demonstrated the improved body 
weight and decreased lung weight in cancer-bearing 
animals (group III). While ZnO-SYR (20mg/kg b.wt) 
alone treatment in group IV animals markedly improved 
the bodyweight and abrogated the tumor occurrence.

Effect of ZnO-SYR on Xenobiotic and 
Liver Dysfunction Marker Enzymes
Figure 5 portrays the outcome of BAP induction and ZnO- 
SYR on marker enzymes. A noteworthy (p<0.05) increase 
in xenobiotic indicator enzymes AHH, GGT, 5′-NT, and 
LDH were found in BAP challenged animals (Group-II) 
compared to vehicle control. ZnO-SYR post-initiation 
treatment suggestively (P < 0.05) reinstated the status of 
xenobiotic marker enzymes to near-normal levels.

Figure 4 FTIR spectrum of zinc oxide-loaded syringic acid nanoparticles. Syringic acid was accountable for the organization of a collection of NPs. FTIR study of syringic acid 
demonstrated abundant peaks varied from 3434 cm−1 to 668 cm−1. Figure 4 illustrates the characteristic FT-IR spectrum achieved from syringic acid.
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Effect of ZnO-SYR on CEA and 
Pro-Inflammatory Markers
Figure 6 represents the effect of BAP induction and 
ZnO-SYR on pro-inflammatory cytokines, TNF-α, IL- 
6, IL-1β, and CEA levels. A striking upregulation in 
the IL-1β, TNF-α, IL-6, and CEA levels was demon-
strated in the BAP challenged animals (Group-II) 
while, post-initiation supplementation of ZnO-SYR (P 
< 0.05) restored the status of IL-1β, TNF-α, IL-6, and 
CEA levels to the normal and drug only administered 
animals displayed no significant changes associated 
with it.

Zinc Oxide-Loaded Syringic Acid Effect 
on Lung Histology Tissues
Figure 7 exhibits the histological alterations of the lung 
segment of normal and investigational mice. Normal mice 
displayed typical architecture. While the benzo(a)pyrene- 
induced animals (group-II) displayed the diminished tissue 
architecture with slanted alveoli and augmented quantity of 
hyperchromatic nuclei in the lung tissues. ZnO-SYR -treated 
animals possessed the nearly usual architecture representing 

the non-toxic feature of syringic acid. Pre-supplementation 
with syringic acid distinctly abridged the alveolar impairment 
in group-IV mice thus protecting the near-usual structures.

Table 1 Bodyweight, Lung Weight and Tumor Incidence of Zinc 
Oxide-Loaded Syringic Acid-Treated Mice

Parameters Body 
Weight (g)

Lung Weight 
(mg)

Tumour 
Incidence

Group I 30.76 ± 6.62 232 ±52.93 0

Group II 20.73 ±3.21* 317± 62.77* 6
Group III 26.23 ± 4.87# 265± 7.14# 3

Group IV 32.14 ± 7.99# 244± 54.62# 0

Notes: Values are expressed as mean ± S.E (n = 3). Statistical significance was 
expressed as *p < 0.05 Group-II compared to Group-I control, #p < 0.01 Group-III 
and Group-IV compared Group-II.

Figure 5 Effect of ZnO-SYR nanoparticles on xenobiotic and liver dysfunction 
marker enzyme activities. Units: AHH – micro-moles of fluorescent phenolic 
metabolites formed/min/mg protein; GGT – nano-moles of p-nitroaniline formed/ 
min/mg protein; 5′-NT – nano-moles of Pi liberated/min/mg protein; LDH – micro- 
moles of pyruvate liberated/min/mg protein. Values are expressed as mean ± S.E (n 
= 3). Statistical significance was expressed as *p < 0.05 Group-II compared to 
Group-I control, #p < 0.01 Group-III and Group-IV compared Group-II.

Figure 6 Effect of ZnO-SYR nanoparticles on CEA and pro-inflammatory cytokines 
in the lung tissue of normal and investigational animals. The experimental details 
were given in the methodology section. Values are expressed as mean ± S.E (n = 3). 
Statistical significance was expressed as *p < 0.05 Group-II compared to Group-I 
control, # p < 0.01 Group-III and Group-IV compared Group-II.

Figure 7 Histology of lung tissues. Histological investigation of lungs (hematoxylin 
and eosin, 400×) of normal and investigational animals. Normal animal tissues 
illustrating the typical lung parenchymal cells with usual alveoli (group I). BAP- 
provoked mice demonstrating the proliferation of tightly packed alveolar cells 
with hyperchromatic nuclei (group II). Benzo(a)pyrene with ZnO-SYR - 
administered mice possessing the usual alveoli with diminished amounts of hyper-
chromatic nuclei (group III). ZnO-SYR only supplemented mice illustrating the 
typical tissue arrangements (group IV).
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Cytotoxicity Results of ZnO-SYR
The cytotoxicity of ZnO-SYR was assessed by MTT assay. 
Figure 8 displays the cell viability in a dose-dependent 
manner (1,2.5,5,7.5,10 and 12.5μM) in that the diminished 
viability was observed at 7.5μM/mL when compared to 
5μM/mL. The MTT test outcomes revealed the dose- 
reliant cytotoxicity was induced by ZnO-SYR and the 
LD50 level of ZnO NPs at 24hr was 7.5µM.

Effect of ZnO-SYR on the Intracellular 
ROS Status
Cells with ZnO-SYR (5μM and 7.5μM) treatment for 24hr 
demonstrated a notable increase in the ROS release in 
a dose-dependent manner. The DCF fluorescence esti-
mated qualitatively and quantitatively demonstrated that 
the ZnO-SYR indued ROS might have induced the cell 
death in A549 cancer cells (Figure 9).

Effect of ZnO-SYR on AO/EB Staining
The ZnO-SYR caused dosage-dependent deterioration in 
the total amount of live cells and also expands the early 
and late apoptotic, and necrotic cells which was evidenced 
from AO/EB staining (Figure 9). Control cells displayed 

normal cellular architecture, A549 cells treated with zinc- 
loaded syringic acid (5μM and 7.5μM concentration) dis-
played augmentation in the early apoptotic cells to late 
apoptotic stage compared to control.

Effect of Zinc-Loaded Syringic Acid on 
MMP Status
The apoptosis is mediated via the alteration in the MMP 
status during the commencement and that was inspected 
using JC-1 staining in the present study (Figure 9). The 
control group demonstrated a maximum amount of green 
fluorescence that signifies good MMP status (Figure 9B). 
At the same time, ZnO-SYR (5μM and 7.5μM concentra-
tion) demonstrated much alterations of ΔΨM (mitochon-
drial membrane potential) that had reduced green 
fluorescence illustrates in Figure 9B.

Effect of Zinc Oxide-Loaded Syringic Acid 
on Cell Adhesion Studies
Trypan blue staining procedure was executed to distin-
guish the viability and non-viability of cells by the infini-
tesimal investigation. Figure 10 shows the trypan blue 

Figure 8 Cytotoxic effect of ZnO-SYR nanoparticles in A549 cells. (A) The cytotoxicity assay of ZnO-SYR was elucidated using MTT dye. (B) Cells stained with crystal 
violet staining. The experimental details were given in the methodology section. Cells with ZnO-SYR (5μM and 7.5μM) treatment for 24hr. Result was depicted as mean±SD 
of triplicate values. Significant level was calculated via ANOVA subsequently DMRT study. 
Note: *p<0.05; #P,0.01 are significant when compared with control. 
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assay which discloses the disruption of cell membrane 
integrity. Treatment of ZnO-SYR (5µM and 7.5µM) pre-
sented the degradation of organelles, which was visualized 
by ultra-structural observation as depicted in Figure.

Discussion
Lung cancer is presently the foremost reason for increased 
rates of mortality globally. In current decades, substantial con-
sideration has been specified to augmented dietary consump-
tion of phytoconstituents, meanwhile several epidemiological, 

and investigational researches, provided an optimistic associa-
tion amongst the cancer risks and consumption of 
phytoconstituents.46 Syringic acid is an imperative and abun-
dant phenolic compound that exists in olives, dates, grapes, 
spices, honey, red wine, pumpkin, acai palm, and other numer-
ous herbs. Phenolic compounds have established their actions 
in cancer deterrence and handling that exists mostly because of 
their capability to regulate the production of ROS, which 
persuades cell death, wedging signaling pathways, and prevent 
cell propagation.47,48 Syringic acid displays beneficial assets in 

Figure 9 (A) Inside the cell ROS accumulation was detected by DCFH-DA. (B) Effect of ZnO-SYR on Mitochondrial membrane potential (MMP). (C) Fluorescence images 
of apoptotic morphology by dual staining (AO/EtBr). Cells with ZnO-SYR (5μM and 7.5μM) treatment for 24hr. The experimental details were given in the methodology 
section. Magnification: 20×.

Figure 10 Cell adhesion assay using 0.1% crystal. The experimental details were given in the methodology section. Cells with ZnO-SYR (5μM and 7.5μM) treatment for 
24hr. Magnification: 20×.
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pharmaceutical or biomedical settings like anti-microbial, anti- 
oxidant, antidiabetic, anti-inflammation, anti-cancer, prevent-
ing cardiovascular and brain disorders.49–51 Preceding results 
displayed in vitro cytotoxic activities where the herbal Cuphea 
extract had a cytotoxic upshot against human lung cancer cells.

The cytotoxic action may be because of the existence of 
dissimilar phenolic compounds available in the plants. 
Phenolic compounds are supposed to employ its anticancer 
actions via improving the release of free radicals and lipids 
that could eliminate proteins, enzymes and reduce ATP in 
cancer cells, therefore promoting cell death.52 In the current 
study, the zinc-loaded syringic acid when used in a dosage- 
reliant mode induces moderate ROS release, disruption of 
MMP, morphological alteration as seen by dual staining, and 
prevents cell adhesion. The challenges of drug targetting 
demand the preparation and customizing of ecological nano-
particles with improved effectiveness, accessibility, rapid 
distribution, and quicker action in the lowest dose. Particle 
size is an imperative limitation as it can disturb physical 
steadiness, cellular commitment, and drug discharge from 
the nanoparticles which can distress its bio-availability.53

Incidentally, the providence of the drug-loaded nanoparti-
cles principally depends on its physicochemical properties. 
Present findings recommended that zinc-loaded syringic acid 
was effectively synthesized with comparatively good encapsu-
lation, yield, and in the expected size range as discerned 
through the characterization techniques, e.g. UV-Visible spec-
troscopy, dynamic light scattering, X-ray diffraction studies, 
and also by FTIR studies. The dispersion pattern in zinc-loaded 
nanoparticles also displayed a one mode particle dimensions 
dispersal, as confirmed by the afore-mentioned characteriza-
tion studies. The significant diminution in weight of cancer- 
possessing animals may be due to the malabsorption or cancer 
cachexia that subsidizes liberal degradation especially in adi-
pose tissue and skeletal muscle.54 In this current exploration, 
noteworthy augmentation in tumorigenesis in the lungs of 
cancer-possessing animals may because of the unrestrained 
propagation of tumor cells but the augmented bodyweight 
upon the management of syringic acid could be due to the 
shielding efficiency of this phenolic compound. BAP, a well- 
recognized carcinogen that is identified to accumulate massive 
volumes of free radicals are extremely sensitive, lethal, and 
mutagenic.55

These poisonous radicals are tangled in interceding tissue 
lipid peroxidation. The tissue harm due to lipid peroxidation is 
the profound aspect in tumorous situations and any corrosion 
or obliteration of the membrane could results in the seepage of 
these enzymes from tissues.46 AHH renovates polycyclic 

hydrocarbons to quinines, epoxides, phenols, and dihydrodiols. 
AHH extremely inducible in animal skins and also in many 
mammalian cells is associated with vulnerability to BAP cyto-
toxicity which leads to tumorigenesis.56 Elevated AHH status 
was found in respiratory cells and serum of BAP challenged 
animals.57 The transmission of γ-glutamyl groups from peptide 
presenters to peptide receptors and amino acids is the catalytic 
purpose of GGT. GGT is valuable in the analysis and also has 
analytical significance in disorders related to lung cancer.58

5′-NTs enzymes unbind the nucleotides from the phos-
phate group on the 5th carbon atom of ribose. It is believed 
to be extensively dispersed in tumor cells and amplified 
production in leukemia victims had previously been 
stated.59 LDH is documented as a probable tumor indica-
tion enzyme in evaluating the propagation of tumor cells 
and augmented serum and lung LDH action was observed 
in lung cancer.56 Tumor cells display an augmented 
amount of glucose metabolism that eventually results in 
raised LDH production. In our current investigation, 
momentous raise in all the above-mentioned tissue, and 
serum marker enzymes were found in BAP-induced mice. 
Zinc-loaded syringic acid supplementation revert back the 
status of those marker enzymes comparable to the control 
animals thus signifying its anti-cancer efficacy.

Carcinoembryonic antigen (CEA) is a general name of 
a glycoprotein group with the same antigenic determinant 
and with a molecular weight of about 180 kDa. 
Carcinoembryonic antigen is among the earliest elucidated 
tumor markers and is highly specific to many adenocarci-
nomas, particularly in the lung, breast, colon, liver, and 
gastric cancers.60 CEA has a comparatively high preva-
lence in lung cancer with the highest serum absorption in 
adenocarcinoma and lung cancer. Roughly 40% of indivi-
duals with lung adenocarcinoma display augmented carci-
noembryonic levels. In this current investigation, the status 
of carcinoembryonic was determined and found that the 
increase in CEA; however, the decrease in CEA during 
ZnO-SYR treatment demonstrates its effectiveness in 
reducing the tumor burden.61 Thus, the present study 
results conclude that the use of nanoformulation in the 
combination of plant-based supplementation can lead to 
the novel strategy for the development of cancer drugs 
with reduced side-effects while improving the normal 
physiological functions.

Conclusion
Ultimately, our present study confirms that zinc-loaded 
nanoparticles of syringic acid play a very essential 
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defensive function against lung carcinogenesis and have 
the capability to act as an effective phenolic compound 
against BAP-provoked lung carcinogenesis animal model. 
In the current exploration, the zinc-loaded syringic acid on 
a concentration-dependent manner induces moderate ROS 
generation, disrupts mitochondrial membrane potential, 
morphological modification by dual staining and viability 
and non-viability by cell adhesion assay.
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