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Estudio  del  impacto  de las  nanopartículas  de plata  sintetizadas
con  extracto  acuoso  de  Ganoderma  applanatum sobre  los
parámetros tiroideos y lipídicos de la rata albina

Se estudió el  impacto de SNP cargadas con extracto de  Gano-
derma applanatum sobre el perfil  tiroideo y lipídico de rata. Las
SNP (diámetro medio 58,77 nm; potencial zeta - 3,8) mV se ana-
lizaron mediante  DLS.  La microespectroscopía  de infrarrojo con
transformada de Fourier proporcionó un pico de transmisión amplio
y elevado a 3248,12 cm-1, que indica la carga bioquímica del ex-
tracto de  G. applanatum en la superficie de los SNP. No se ob-
servó mortalidad ni cambios de comportamiento en la prueba de
toxicidad aguda. El grupo-1 recibió 1 mL de agua destilada, el gru-
po-2  y  el  grupo-3  recibieron  200  mg  kg -1 y  400  mg  kg-1 de
nanopartículas  respectivamente.  Una  dosis  de  400  mg  kg -1 de
SNPs mostró una mayor actividad hipertiroidea e hipolipidímica en
comparación con el control y la dosis de 200 mg kg-1.

Palabras  clave: Nanopartículas;  Hormona;  Lípido;  Tiroides;
Colesterol.

Abstract

Impact of silver nanoparticles loaded with Ganoderma applanatum
extract on thyroid and lipid profile of rat were studied. Synthesized
SNPs (Average diameter 58.77 nm; -13.8 mV zeta potential) were
analysed by  dynamic  light  scattering  analysis.  Fourier  transform
infrared spectroscopy provided broad and high transmission peak
at 3248.12 cm-1 which indicates the loaded biochemical of the  G.
applanatum extract  on  the  surface  of  SNPs.  No  mortality  and
behavioural  changes  were  observed  in  the  Acute  toxicity  test.
Group-1  received  1  mL  distilled  water,  group-2  and  group-3
received 200 mg kg-1 and 400 mg kg-1 nanoparticles respectively. A
400 mg kg-1 dose of SNPs showed increased hyper thyroid and
hypolipidimic activity as compared to control and 200 mg kg-1 dose.

Key words: Nanoparticles; Hormone; Lipid; Thyroid; Cholesterol.
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Introduction

Green nanotechnology is gaining ground in field
of medical biology and great attention has been
paid for preparation of materials of small size and
the technology has entered into nanoscale range
and application of nanotechnology has been incor-
porated in the field of material, chemical, biologi-
cal sciences, and engineering (Nikam et al. 2014).
Synthesis of nanoparticles and their application in
different field of biological sciences and medicine
has provided new a hope and dimension for devel-
opment of nanodrugs lading to their effective de-
livery in the biological system (Shah et al. 2015).
Nanotechnology refers to particles having size in
the range of  1nm to 100 nm. The nanoparticles
can be made up of carbon, metal oxides or organic
matter and they have been used in drug delivery,
bio  detection  of  pathogens,  tissue  engineering,
fluorescent  biological  labelling,  tumour  destruc-
tion,  etc.  (Salata  2004).  The  application  of
nanoparticles is increasing, since they have some
specific properties such as ultra-small size, large
surface to volume ratio, high reactivity and unique
interactions with structural components which im-
prove the pharmacokinetics and therapeutic index
of the drugs (Kumar & Sinha 2017).

Medicinal  application  of  silver  and  its  com-
pound have been practicing since past 2000 years
and they are nontoxic but efficient as bactericidal
agent (Husen & Siddiqi 2014). Recently, several
physical and chemical methods of synthesis of sil-
ver nanoparticles have been developed but biolog-
ical methods such as using plant and fungal mate-
rial are quite easy owing to their less expensive,
non-toxic and eco-friendly nature (Prabu & John-
son 2015). Synthesis and application of nanoparti-
cles  mediated  by  different  plant  parts  such  as
leaves, roots, flower, seeds etc. have widely been
explored but synthesis of nanoparticles using fun-
gal  extract  (specially  woody  fungi)  and  their
applications  is  least  explored  (Sowmya  et  al.
2018). 

Thyroid hormones are directly associated with
metabolic regulation of body and modulate func-
tions such as body weight,  oxygen requirement,
growth  and  development  during  childhood
(Abbey et al.  2017) and patho-physiological dys-
function  of  thyroid  gland  is  the  most  common
endocrine disorder, about 42 million people suf-

fering  from  thyroid  associated  diseases  (Unni-
krishnan  &  Menon  2011).  It  has  also  been
reported that serum cholesterol level increases in
hypothyroidism  and  associated  diseases,  an
enhance  in  the  risks  of  coronary  artery  disease,
atherosclerosis  and  heart  failure  has  also  been
observed (Udovcic et al. 2017).

Ganoderma  applanatum (Pers.)  Pat.  is  a
macrofungi  belonging  to  genus  Ganoderma P.
Karsten  that  have  been  traditionally  used  as
medicine rather than as a food in China, Japan and
India (Jeong et al.  2008). It is a polypore macro-
fungi with hard, woody, more or less fan-shaped,
having  semicircular,  fruiting  bodies  with  a  dull
and unvarnished  outer  surface with brownish to
grayish-brown colour wrinkled zones of on carp
surface, and white colour pore surface (Niemela
& Miettinen 2008). A review of literature showed
that  G.  applanatum is  a  comparatively  less
explored macrofungi for its medicinal importance.
Thus an attempt to access the medical importance
of the macrofungi is a novel approach; the aim of
this  work  is  to  synthesise  silver  nanoparticles
loaded with aqueous extract of G. applanatum and
to study their impacts on thyroid and lipid profile
of rat.

Materials and methods

Collection of macrofungus and preparation
of extract

Fresh fruiting bodies of  G. applanatum (Fig.  1)
were collected from Kaziranga National Park of
Assam  (26º30'-26º45'N  to  93º08'-93º36'E)  and
matched and identified on the basis  of  morpho-
logy with museum specimen by Plant Identifica-
tion  &  Preservation  Division  of  Department  of
Botany,  Gauhati  University,  Assam  where  a
voucher specimen (No. 833M) was deposited and
the fruiting body of G. applanatum was brought to
Department  of  Zoology,  Ranchi  University,
Ranchi, for further study.

The fresh fruiting body of G. applanatum was
initially washed with distilled water and then by
absolute ethyl alcohol (99.8%) to avoid microbial
contamination. The fruiting bodies were dried in
shade  under  room temperature  for  six  to  seven
days, powdered and sieved. 50g of the fine pow-
der was subjected to aqueous extraction (300 mL
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distilled water) using Soxhlet extraction unit. The
extract  obtained  was  filtered,  concentrated  and
dried in  a  rotary flash evaporator  maintained  at
45ºC for proper dehydration and the concentrated
extract was stored in air tight black containers at
room temperature for further studies. Freshly pre-
pared  aqueous  extract  was  used  for  qualitative
analysis of biochemicals (Arya et al. 2012).

Synthesis of silver nanoparticles (SNPs)

The synthesis of nanoparticle was carried out us-
ing  a  green  method.  The  method  is  said  green
since it does not pose any harm to environment, or
the workers, it is cheap and easy process. Synthe-
sis of nanoparticles were done by mixing 3 mL
(41  mg  mL-1)  of  G.  applanatum fruiting  body
aqueous extract and 197 mL of 0.1M silver nitrate
(169.87 g mol-1) solution (i.e., 3.35g AgNO3/197
mL of distilled water), the mixture was incubated
at 80ºC and was continuously using magnetic stir-
rer. The solution was pale yellow in the beginning
but it turned to dark brown with time. The mixture
was incubated until no further colour change was
observed. Then the solution was cooled to room
temperature and centrifuged at 27670 RCF for 10
minutes.  The supernatant  was discarded and the
pellet was washed three times with distilled water
to discard any biochemical present in the solution
but not bound to the nanoparticles (Dandapat  et
al. 2019).

Characterization  of  G.  applanatum extract
loaded SNPs

For UV-Visible spectra analysis, the sample was
prepared by mixing 1 mL of nanoparticles  solu-
tion in 4 mL of deionised water. 1 mL of diluted
sample was taken in standard quartz cuvette and
placed in sample compartment. UV-Visible spec-
tra  analysis  was  done  by  using  Perkin  Elmer
Lambda-25  UV-Visible  spectrophotometer  (Per-
kin  Elmer  Inc.,  USA).  The  UV-Visible  spec-
trophotometer was operated at 20 ± 2 ºC, 60-70%
humidity  and  light  test  specification  at  200-800
nm wave length.

Scanning  electron  microscopy  (SEM)  wad
done to assess the size and shape of synthesized
nanoparticle. SEM analysis was done using JEOL
JSM-6390  LV  (Japan)  machine  provided  with
Vega TC software. A thin layer of nanoparticles
powder sample (1 mg) was prepared on a  glass
slide and then pressed on a carbon taped copper

grid for SEM. Excess powder on surface of car-
bon taped copper grid was blown away with com-
pressed air and the SEM grid was allowed to dry
by putting it under a mercury lamp for 5 min and
was coated with platinum using ion sputter (Bini
et al. 2018).

X-ray diffraction analysis was done to assess
the size of synthesized nanoparticles. X-ray dif-
fraction analysis was carried out using a Rigaku-
smartlab  diffraction  XRD  machine  with  40kV
operating voltage and 15 mA current, Cu-Kα X-
rays  of  wavelength  (λ)=1.54056 Å. Data were)=1.54056  Å.  Data  were
taken for the 2 θ range of 10º to 90º with a step of
0.02º. The particle size was calculated by consid-
ering the peak at degrees by using Debye-Scherrer
formula (Kumar & Rao 2013): 

D=
[0.9λ ]

[βcosθ ]

Where, ‘λ’ is wave length of X-Ray (0.1541λ)=1.54056 Å. Data were’ is  wave length of  X-Ray (0.1541
nm), ‘λ’ is wave length of X-Ray (0.1541β’ is FWHM (full width at half maximum),’ is FWHM (full width at half maximum),
‘λ’ is wave length of X-Ray (0.1541θ’ is  the  diffraction  angle  and  ‘λ’ is wave length of X-Ray (0.1541D’ is  particle
diameter size.

Dynamic light scattering (DLS) analysis was
done to assess the size of synthesized nanoparti-
cles in terms of number, volume and intensity. For
dynamic light scattering analysis the SNPs sample
was diluted, filtered; and 0.1mg/mL concentration
of  nanopaticle  colloidal  solution  was  ultrasoni-
cated at 20 % sonication amplitude with continu-
ous mode during 882 second to avoid agglomera-
tion and for proper dispersion of nanoparticles in
the solution. The dynamic light scattering analysis
and  zeta-potential  analysis  of  nanoparticles  was
carried out using Malvern Nano ZS green badge)
ZEN3500 (U.K.) zetasizer provided with zetasizer
Nano software (ZNUM, 2013).

Fourier  transform  infrared  (FTIR)  spectra
analysis was done to detect the functional groups
present  in  the  biochemical  substance  loaded
around the silver  core of  the nanoparticles.  The
analysis  was  carried  out  on  IPRresting-21  (Shi-
madzu  Corp.,  Kyoto,  Japan)  in  the  diffuse
reflectance mode operated at a resolution of 4 cm-1

in the range of 400 cm-1 to 4 000 cm-1 wave num-
ber and KBr as standard to identify the potential
biomolecules  present  in  fruiting  body  of  G.
applanatum extract  which  are  responsible  for
reducing  and  capping  the  bioreduced  silver
nanoparticles. The FTIR instrument was operated
at 25 ± 5 ºC, 60-70% humidity (IMUSG, 2002).
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Study  of  impact  of  G.  applanatum extract
loaded SNPs on rat

Wistar albino rats of 175 to 200 g were obtained
from the  National  Institute  of  Nutrition,  Hyder-
abad,  India.  They were  kept  in  cage  and  main-
tained under standard laboratory conditions at am-
bient room temperature (22 ± 3 ºC) and relative
humidity (30-65 %), with dark-light cycle of 12 h
for 5 days. 40 rats  were fed with a commercial
pallet diet (Sadguru Shri Shri Industries Pvt. Ltd.
Pune, India) and water. The experiment was per-
formed after prior approval of the Animal Ethics
committee  of  Ranchi  University,  Ranchi  (Pro-
ceeding no. 46, page no. 137).

Acute toxicity study of G. applanatum extract
loaded SNPs on rat was done according to OECD
test guideline 425 (Up and Down procedure), the
OECD guideline for acute toxicity emphasizes on
reducing  the  number  of  animals  to  be  used  for
acute  toxicity  tests.  Test  was  performed  for
2000mg kg-1 dose on rats according to the body
weight.  10  rats  were  equally  divided  among  2
groups (five  rats  in  each group-A and group-B)
were fasted (3-4 hours) prior to dosing but were
accessed  with  water  ad  libitum.  Single  dose
(2000mg/kg) of vehicle as well SNPs were fed by
feeding  gavage  rats  of  group-A and  group  -B
respectively.  The  rats  were  provided  with  food
and water  ad libitum after  2hours  of  treatment.
After single dose at first day, the rats were further
not  treated  with  vehicle  and  nanoparticles  and
they were observed for 30 minutes, 4 hours, 24
hours and till the end of 14th day for behavioural
changes and death due to toxicity (Saleem  et al.
2017).

• Group A:  Rats  of  this  group were  fed  single
dose  of  vehicle  (distilled  water  2000 mg kg-1

body weight).

• Group B:  Rats  of  this  group were  fed  single
dose (2000 mg kg-1 body weight)  G. applana-
tum extract mediated silver nanoparticles.

No toxicity was observed up to 2000 mg kg-1

of  both  vehicle  (distilled  water)  and  silver
nanoparticle  loaded  with  aqueous  extract  of  G.
applanatum.

The impacts of  G. applanatum extract loaded
SNPs on thyroid and lipid profile of rats were ana-
lysed  by  chemiluminescence  immune  assay
(Demers & Spencer 2006) and spectrophotometric
method (Rifa & Warnick 2006). For the study of
impacts of G. applanatum extract loaded SNPs on

thyroid and lipid profile of rats seven days experi-
mental  period  (Garba  et  al.  2009).  Fifteen  rats
were distributed into three groups each containing
5 rats. Two doses of SNPs (high dose: 400 mg kg-1

and low dose:  200 mg kg-1)  were taken and the
doses  were  administered  according  to  the  body
weight of the animals (Oghenesuvwe et al. 2014).
The experiment designed employed is as follows

• Group 1: Rats served as control and were not
treated with nanoparticles. They received single
dose  (1mL)  of  distilled  water  (vehicle)  daily
orally for 7 days.

• Group 2: Rats of this group received daily sin-
gle dose (200 mg kg-1 body weight) of nanopar-
ticles orally for 7 days.

• Group 3: Rats of this group received daily sin-
gle dose (400 mg kg-1 body weight) of nanopar-
ticles orally for 7 days.

At the end of experimental period (8th day) ani-
mals were lightly euthanized using diethyl ether,
and blood was collected from rats by retro-orbital
sinus blood collection method into evacuated vials
(SRL  Diagnostic  Pvt.  Ltd.)  containing  clotting
activator. Collected blood samples were allowed
to clot and then centrifuged at 2000-2500 rpm and
the serum was collected within 45 minutes of col-
lection  of  blood  samples.  Serum  samples  were
kept at 4 ºC for analyses of lipid and thyroid pro-
files.

Estimation  of  serum  lipid  parameters  were
done  on  a  semi  automatic  chemistry  analyzer:
SACA-19100 (MRC Ltd., Israel) operated at 0-40
ºC, ≤85 % relative humidity using the diagnostic
reagent  kit  by  DiaSys  International  Pvt.  Ltd.
(Holzheim, Germany). Analyses of serum choles-
terol  parameters  were  done  using  diagnostic
reagent  kit  by  DiaSys  international  Pvt.  Ltd.
(Holzheim, Germany). Total cholesterol was mea-
sured  by  using  Cholesterol  FS*  kit  (Cat.  No.
113009910023),  high density  lipoprotein choles-
terol (HDL-C) was measured by HDL-C Immuno
FS* kit (Cat. No. 13521 9910 023), low density
lipoprotein cholesterol (LDL-C) was measured by
LDL-C Select FS* kit (Cat. No. 1412199 10 026)
and  triglyceride  was  measured  by  Triglycerides
FS* kit (Cat. No. 157109910021).

The  impact  of  SNPs  on  thyroid  profile  was
studied on the basis of estimation of serum total
triiodothyronine (T3), thyroxine (T4) and thyroid-
stimulation  hormone  (TSH)  by  by  using  semi-
automated chemiluminescence (CLIA) plate ana-
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lyzer  (Semi  Auto  Chemilumi  Basic  CLIA 2096
plus,  Analytical  Technologies  Limited,  Gujarat,
India)  operated  at  10  to  40  ºC  within  15-75%
humidity. The assay was performed by using thy-
roid function CLIA kits (total T3: CL1001-2, total
T4: CL1002-2 and TSH: CL1003-2) were obtained
from Suyog diagnostic Pvt. Ltd. Kolkata, India.

Statistical  analysis:  Entire  statistical  works
were done using statistical software WinSTAT (R.
Fitch  Software,  Canal  Park,  Cambridge,  Massa-
chusetts,  USA).  Data  were  taken  (N=5)  and
results were expressed as a mean ± standard error
of  mean.  Statistical  analysis  was  performed  by
one-way ANOVA with post-hoc student’s t-test, p
≤ 0.05 was considered as statistically significant.

Figura 1. A, B: Cuerpo fructífero de G. applanatum; C: extracto.

Figure 1. A, B: Fruiting body of G. applanatum; C: extract.

Results

Biochemical analysis of G. applanatum

The biochemical analysis of crude extract of  G.
applanatum (Fig.  1)  is  presented in  the table  1.
The biochemical analyses showed the presence of
carbohydrate,  protein,  alkaloid,  flavonoid,  sapo-
nins, steroid, phenolics and some other biochemi-
cals in the aqueous extract (Table 1). 

Synthesis of silver nanoparticles

Synthesis  of  silver  nanoparticles  mediated  by
aqueous extract of G. applanatum is presented in
the figure 2. A gradual change in colour from pale
yellow colour  to  dark  brown was  observed  and
this change is an accepted indication that the reac-
tion is happening between the biochemicals  and
the silver ions present in the solution.

Mycochemicals Present(+) / Absent (-)
Carbohydrate +
Glycosides +
Protein +
Alkaloid +
Steroid +
Triterpene +
Flavonoid +
Tannin +
Lipid +
Saponin +

Tabla  1. Análisis  de  micoquímicos  presentes  en  el  extracto
acuoso del cuerpo fructífero de G. applanatum.

Table  1. Analysis  of  proximate  mycochemicals  present  in
aqueous fruiting body extract of G. applanatum.

Figura  2. A:  Solución  AgNO3;  B:  Solución  mixta  AgNO3 y
extracto de G. applanatum; C: Después de 30 min; D: Después de
1 hora; E: Después de 2 horas.

Figure 2. A: AgNO3 solution; B: Mixed solucion AgNO3 and G.
applanatum extract; C: After 30 min; D: After 1 hour; C: After 2
hours (E).
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Characterization of nanoparticles

The  absorption  spectrum  of  nanoparticles  ob-
tained from UV-visible spectroscopy is presented
in the figure 3. The UV-visible spectrum showed a
peak at  400 nm, that  corresponds to  the  surface
plasmon resonance  of  the  synthesized  SNPs  re-
ported in previous work (Englebienne et al. 2012).

The  result  of  SEM  (Scanning  electron
microscopy) analysis is presented in the figure 4.
The  result  clearly  reveals  that  the  synthesized
nanoparticles are spherical in shaped and with a
size in the 70 to 120 nm in diameter. In general it
is  not  possible  to  measure  the  size  of  particles
using SEM, but here we are  using the software
provided with the SEM instrument to measure the
size  of  the  synthesized  nanoparticles.  The  soft-
ware enables us to measure the size of particles
live while exploring the field.

Figura  3.  Espectro  UV-visible  de  las  nanopartículas  de  plata
sintetizadas mediante extracto acuoso del cuerpo fructífero de G.
applanatum.

Figure 3. UV-Visible spectrum of synthesized silver nanoparticles
mediated by aqueous fruiting body extract of G. applanatum.

Figura 4. Imagen de microscopio electrónico de barrido de las
nanopartículas de plata sintetizadas mediante extracto acuoso del
cuerpo fructífero de G. applanatum.

Figure  4. Scanning  electron  microscopy  photograph  of
synthesized  silver  nanoparticles  mediated  by  aqueous  fruiting
body extract of G. applanatum.

Figura 5. Picos de difracción de rayos X de las nanopartículas de
plata del extracto de G. applanatum.

Figure  5. X-Ray  diffraction  peaks  of  G.  applanatum extract
mediate silver nanoparticles powder.

Copper K radiation: Wavelength λ (nm) = 0.154
2θ of the major

peaks (deg.)
θ of the

peaks (deg.)
d-spacing

(Å)
Intensity

(cps)
FWHM of major
peaks (β: deg.)

FWHM of the major
peaks (β: rad.) Size (Å) Size (nm)

Avg. Size
(nm)

35.51 17.75 2.52581 9732.26 0.0796 0.0013 1093.7 109.37 102.08

29.66 14.83 3.00943 1690.34 0.0732 0.0012 1171.7 117.17

21.73 10.86 4.08588 1652.76 0.1393 0.0024 606.0 60.60

75.09 37.54 1.26401 1411.44 0.0863 0.0015 1211.9 121.19

Tabla 2. Estimación del tamaño medio de las nanopartículas del extracto de G. applanatum, empleando el análisis de difracción de rayos X y
la fórmula de Scherrer.

Table 2. Average size estimation of G. applanatum extract mediated nanoparticles using X-ray diffraction analysis and Scherrer formula.
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The  X-ray  diffraction  pattern  of  the  G.
applanatum extract  mediated  synthesized  silver
nanoparticles is presented in the table 2 and the
figure 5. The results show that the size of particles
formed  is  between  60.60  and  121.19  nm,  with
average particle size of 102.08 nm.

Dynamic light scattering (DLS) analysis pro-
vided  the  size distribution in  terms of  intensity,
volume and number of the synthesized SNPs, the
result have been presented in the figure 6. The fig-
ure 6A (particle size distribution by intensity) rep-
resents  high  peak  for  nanoparticles  of  77.25nm
diameter with 99.6% intensity and small peak for

5177nm diameter nanoparticles with 3.4% inten-
sity.  The figure 6B (particle size distribution by
volume)  represents  high peak and low peak for
nanoparticles of 88.4% and 11.3% size distribu-
tion by volume of 38.21nm and 5282 nm diameter
nanoparticles respectively. The figure 6C (particle
size  distribution  by  number)  represents  single
peak  for  nanoparticles  of  diameter  of  23.64nm
with 100% size distribution by number. DLS anal-
ysis also provides the zeta potential of synthesized
nanoparticles.  The  zeta  potential  of  synthesized
nanoparticles (-13.8mV) is presented in the figure
7.

Figura 6. Distribución del tamaño de las nanopartículas. A: Por intensidad; B: Por volumen; C: Por número.

Figure 6. Size distribution of nanoparticles. A: By intensity; B: By volume. C: By number.
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Figura 7. Distribución de potencial Z de las naopartículas.

Figure 7. Zeta potential distribution of nanoparticles.

Figura  8. Análisis  IR-TF  de  las  nanopartículas  de  plata  del
extracto de G. applanatum.

Figure 8. FTIR analysis of G. applanatum extract mediated silver
nanoparticles.

The result  of  FTIR spectroscopy analysis  of
synthesized  nanoparticles  is  presented  in  the  fi-
gure 8. The result represents absorption peaks at
3606 cm-1 corresponds to O-H stretch for alcohol
and phenol, 2430 cm-1 corresponds to N-H stretch
for primary and secondary amines, 2156 cm-1 cor-
responds to C≡ stretch for alkynes, 1681 cm-1 cor-
responds to C=N for amines or C=O stretch for
unsaturated  aromatic  carboxylic  acid,  1234 cm-1

corresponds  to  C-O  stretch  for  aromatic  com-

pound, 1091cm-1 corresponds to C-F stretch pre-
sented fluroalkanes, 925cm-1 corresponds to C=C
stretch presented alkanes and also stretch for O-H
and 613cm-1 corresponds to C-Cl or C-Br stretch
for chloro and bromo alkanes.

Acute toxicity study

Results  of  acute  toxicity  study  of  SNPs  loaded
with G. applanatum extract is presented in the ta-
ble 3. The results showed no toxic symptom such
as salivation, convulsion and tremor, itching, red-
ness of eyes, hair loss, behavioural changes, coma
and death in rats treated with 2000mg kg-1 dose of
SNPs.

Impact of SNPs loaded with  G. applanatum
extract on thyroid profile of rat

The result of impacts of SNPs loaded with G. ap-
planatum extract on thyroid profile of rats is pre-
sented in the table 4. The result showed that both
200 mg kg-1 and 400 mg kg-1 doses of SNPs sig-
nificantly  (p≤  0.05)  increased  triiodothyronine
(T3) concentration (Group 2: 60.60 ± 1.38 ng dL-1;
Group3:  76.40 ± 0.94  ng  dL-1)  as  compared  to
control (30.20 ± 1.01 ng dL-1). Similarly 200 and
400  mg  kg-1 doses  of  SNPs  also  significantly
(p≤0.05) increased the concentration of thyroxin
(T4) in rats (Group2: 4.56 ± 0.10µg dL-1; Group3:
6.60 ± 0.21  µg dL-1)  compared  to  control  group
(2.94 ± 0.08µg dL-1).  A significant (p≤ 0.05) de-
crease in thyroid stimulating hormone (TSH) was
observed  in  rats  of  Group-2  (0.67 ± 0.008  µIU
mL-1)  and  Group-3  (0.26 ± 0.01  µIU  mL-1)
treated with 200 and 400mg kg-1 doses of SNPs
respectively, compared to control Group-1 (TSH:
0.87 ± 0.01 µIU mL-1).

Treatment groups

Parameters
Group-1 Group-2 Group-3

30 min 4 h 24 h 14 day 30 min 4 h 24 h 14 day 30 min 4 h 24 h 14 day
Fur & skin N N N N N N N N N N N N
Eyes N N N N N N N N N N N N
Salivation N N N N N N N N N N N N
Breathing I N N N I N N N I N N N
Somatomotor activity & behavior pattern N N N N N N N N N N N N
Sleep N N N N N I N N I N N N
Convulsions & tremors NF NF NF NF NF NF NF NF NF NF NF NF
Itching NF NF NF NF NF NF NF NF NF NF NF NF
Coma NF NF NF NF NF NF NF NF NF NF NF NF
Death NF NF NF NF NF NF NF NF NF NF NF NF
N= normal, I= increased, NF= not found

Tabla 3. Efectos tóxicos agudos y patrones de comportamiento de grupos de ratas tratadas con nanopartículas cargadas con extracto de G.
applanatum, a lo largo del tiempo.

Table 3. Acute toxic effects and behavioral patterns of groups of rats treated nanoparticles loaded with G. applanatum extract, along the time.
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Treatment groups
Parameters Group-1 Group-2 Group-3

Triiodothyronine (T3)
ng dL-1 30.20±1.01 60.60 ± 1.38* 76.40±0.94*

Thyroxine (T4)
µg dL-1 2.94±0.08 4.56±0.10* 6.60±0.21*

Thyroid stimulating 
hormone (TSH)
µIU mL-1

0.87±0.01 0.67±0.008* 0.26±0.01*

Tabla 4. Efecto de las nanopartículas de plata del extracto de G.
applanatum sobre el perfil de tiroides de ratas.

Table 4. Effect of silver nanoparticles loaded with G. applanatum
extract on thyroid profile of rats.

Impact of SNPs loaded with  G. applanatum
extract on lipid profile of rat

The result of impacts of SNPs loaded with G. ap-
planatum extract  on lipid  profile  of  rats  is  pre-
sented in the table 5. The result showed 200 mg
kg-1 dose  of  SNPs  significantly  decrease  LDL
cholesterol  (31.02 ± 1.13 mg  dL-1),  triglyceride
(52.05 ± 1.87mg dL-1),  and  total  cholesterol
(66.00 ± 0.50mg dL-1) compared to control Group
1 of  rats  (LDL-C:  39.63 ± 0.69  mg dL-1;  trigly-
ceride:  119.44 ± 1.14mg  dL-1;  total  cholesterol:
79.37 ± 0.70 mg dL-1). Statistically no significant
difference was observed in HDL cholesterol level
of  group-2  and  group-1.  400  mg  kg-1 dose  of
SNPs  showed  high  hypolipidimic  activity  com-
pared to low dose of SNPs and significantly de-
creased  total  cholesterol  (50.33 ± 0.70  mg dL-1),
LDL cholesterol  (26.04 ± 0.68 mg dL-1),  triglyc-
eride (47.05 ± 1.80 mg dL-1), but a significant in-
crease in HDL cholesterol level (64.40 ± 0.66 mg
dL-1) was observed compared to control (HDL-C:
46.35 ± 0.69 mg dL-1).

Treatment groups
Parameters Group-1 Group-2 Group-3

Total cholesterol 
mg/dL

79.37 ± 0.70 66.00±0.50* 64.40±0.66*

HDL cholesterol 
mg/dL

46.35 ±0.69 48.12 ±0.62 50.33 ± 0.70*

LDL cholesterol 
mg/dL

39.63±0.69 31.02±1.13* 26.04 ±0.68*

Triglyceride mg/dL 119.44 ± 1.14 52.05 ±1.87* 47.05 ± 1.80*

Tabla 5. Efecto de las nanopartículas de plata del extracto de G.
applanatum sobre el perfil lipídico de ratas.

Table 5. Effect of silver nanoparticles loaded with G. applanatum
extract on lipid profile of rats

Discussion

Mushroom or macrofungus species possess high
antioxidant activity due to the presence of com-
pounds  possessing  antioxidant  biocompounds

such as a phenolics, organic acids, alkaloids etc.
Thus, macrofungi can be used as a natural antioxi-
dant supplement and in the pharmaceutical indus-
try for the production of antioxidants (Dandapat &
Sinha 2015). It has been reported that species of
Ganoderma contain different mycochemical such
as  polysaccharides,  proteins,  amino  acids,  fatty
acids,  terpenoids,  steroids,  alkaloids,  phenolic
compounds, etc (Singh et al. 2014). In the present
study Ganoderma applanatum extract showed the
presence  of  different  types  of  biochemicals  and
thus possesses strong antioxidant activity.  It  has
been  reported  that  mycochemicals  such  as  phe-
nols, flavonoids and tannins etc. possess antioxi-
dant activity (Dandapat et al. 2018). In the present
study after  mixing of aqueous extract of  G. ap-
planatum with  silver  nitrate,  a  gradual  colour
change  from pale  yellow  to  dark  brown  colour
was  observed  while  incubating  (Fig.  2),  this
colour change indicates that reaction between sil-
ver ion and mycochemicals is happening and par-
ticles are being synthesized, but to determine the
size  of  synthesized  particles,  characterization  is
required (Firdhouse et al. 2012). 

In nanotechnology UV-visible spectroscopy is
used to monitor the SPR of SNPs. The absorption
spectrum of nanoparticles obtained from UV-visi-
ble absorption spectroscopy is presented in figure
3, which showed peak at 400 nm corresponds to
the surface plasmon resonance of the synthesized
SNPs (Englebienne et al.  2012). Previous studies
reported formation and stability of silver nanopar-
ticles  mediated  by  extracts  from  biological
sources such as plants and fungi show maximum
absorption 400-500 nm which  correspond to the
size of nanoparticles under 100 nm (Gujral 2015).
In  previous  work  variable  UV-visible  spectra
peaks  were  observed  for  synthesized  silver
nanoparticles  from  different  mushroom  extracts
and  reported  the  SPR  for  synthesized  silver
nanoparticles at 420 nm for  Ganoderma lucidum
(Curtis)  P.  Karst.  and  Agaricus  bisporus (J.  E.
Lange) Imbach, however the SPR for absorption
spectra  of  Pleurotus ostreatus (Jacq.)  P.  Kumm.
(as  Pleurotus  florida)  and  Pleurotus  platypus
Sacc. mediated silver nanoparticles were 435 nm
and 300 nm. It has been reported by many work-
ers  that  a  surface  plasmon  resonance  between
350-450 nm is obtained when the size of synthe-
sized nanoparticles is below 100 nm. Any devia-
tion from this range indicates that the silver parti-
cles formed are not in the nano range (Sujatha et
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al. 2013). In the present study, absorption peak at
400 nm of silver nanoparticles sample obtained by
UV-visible  spectroscopy analysis  (Fig.  3)  corre-
sponds  to  SPR reported  by  previous  works  and
indicates that the synthesized silver particles are
in the nano range, i.e. below 100 nm in size and
hence are nanoparticles. 

Scanning  electron  microscopy of  synthesized
SNPs (71 to 112 nm) loaded with G. applanatum
extract (Fig. 4) compared with previous report of
SNPs  loaded  with  Boswellia  ovalifoliolata
N. P. Balakr. & A. N. Henry extract and found the
SNPs  are  spherical  shaped,  30-40  nm  diameter
(Gurunathan  et  al.  2014).  The  result  of  present
study  provided  the  satisfactory  evidence  when
compared with the size and shape of SNPs loaded
with  B. ovalifoliolata extract mentioned in previ-
ous study. 

X-Ray diffraction pattern of a powder sample
is considered to be the fingerprint of that sample
(Brady et al. 1995). The information pertaining to
phase  formation,  translational  symmetry  present
and size and shape of the unit cell  are obtained
from peak positions in the diffraction pattern of a
sample.  In present  study,  G. applanatum extract
mediated SNPs (Fig. 5 and Table 2) were screened
to  have average  particle  size of  102.08 nm and
consisted of the major peaks of silver nanoparti-
cles with a fcc (face cubic centered) type lattice.
Some  additional  unassigned  peaks  were  also
observed, which may be due to presence of non-
bonded mychochemicals present with the powder
(Kumar & Rao 2013). Mohanta et al. (2018) syn-
thesized SNPs mediated by from Ganoderma ses-
siliforme Murrill  extract. XRD-analysis indicates
that the average size of synthesized nanparticles
was 45.26 nm. The result of present study corre-
lates with the previous XRD analysis of SNPs.

Dynamic light scattering (DLS) is also known
as photon correlation spectroscopy (PCS) and has
been  widely  used  for  analysis  of  nanoparticles
size  in  liquid  phase  (Phenrat  et  al. 2009).  The
result of DLS analysis of nanoparticles in terms of
distribution by intensity in the colloidal solution
depends upon the rate of fluctuation of intensity
of the laser beam by the particles of different size
(Nanocomposix  2015).  Fluctuation  of  intensity
corresponds to constant motion of particles which
is  due  to  Brownian  motion,  i.e.  quick  motion
small particles and slow motion of large particles
in  liquid  environment  due  to  random  collision
among them and provides fundamental size of the

nanoparticles (ZNUM 2013). The DLS size distri-
bution by volume analysis of nanoparticles repre-
sents the total volume of particles of different size
bins. The DLS size distribution by number analy-
sis of nanoparticles represents the total number of
particles  of  different  size  bins  (Nanocomposix,
2015). In the present study, average size of syn-
thesized SNPs was 58.77 nm in diameter (Fig. 6)
and the  synthesized  nanoparticles  reflected their
size with the materials of nanoscale range. 

Zeta potential is the electrostatic charge distri-
bution, which develops in liquid layer or capping
materials on surface (stern layer) of the nanoparti-
cles  and  diffuse  layer  present  outside  the  stern
layer which impacts the potential stability of the
particles  in  a  colloidal  system  (Bhattachar-
jee2016).  Zeta  potential  of  nanoparticles  within
between -25mV to +25 mV provides efficiency of
the capping material to stabilize the nanoparticles
in colloid solution and their even distribution in
the solution (Almeida et al. 2015). In the present
study, the Zeta potential of synthesized nanoparti-
cles was -13.8 mV, this indicates the stability of
synthesized  silver  nanoparticles  in  the  solution
(Fig. 7). 

FTIR analysis provides confirmation of pres-
ence  of  biomolecules  by  analysis  of  functional
groups and provides the confirmation of capping
tendency  of  therapeutic  molecules  of  biological
extracts  present  on  the  surface  of  synthesized
nanoparticles (Kumar et al. 2014). Gurunathan et
al.  (2014) synthesized gold nanoparticles loaded
with  G.  lucidum extract,  they  performed  FTIR
analysis and reported strong bands of FTIR spec-
tra at 602, 1096, 1201, 1388, and 1636 cm-1 which
correspond to the amide polypeptides or proteins
and indicates their presence as capping agent in
AuNPs. FTIR spectra analysis of crude extract of
G. lucidum was done and reported that the FTIR
spectrum  peaks  for  biochemicals  such  as  ter-
penoids and polysaccharide at 1150 to 1000 cm−1

and  1760  to  1600  cm−1  corresponds  to  ter-
penoids, polysaccharide and carbonyl compounds
(Zhu & Tan 2015). In the present study the FTIR
peaks of SNPs loaded with G. applanatum extract
(Fig.  8)  also  provided  the  confirmation  about
functional  groups  of  biochemicals  such  as  phe-
nols,  amines  and  other  compounds  of  extracts
which acts as capping agents (Gurunathan  et al.
2014).  The  FTIR  analysis  makes  clear  that  the
nanoparticles  are  surrounded  (capped)  by  the
biomolecules present in the aqueous extract, thus
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the  nanoparticles  can  be  declared  to  be  loaded
with  mycochemicals  present  in  the  aqueous
extract of G. applanatum.

According to World Health Organization appli-
cation of herbs and mushrooms for the therapy of
diseases  ethnomedicinally  should  be  evaluated
and explored  for  health  safety  and toxic  effects
(Ogbonnia  et  al. 2010).  Previously  it  has  been
reported  that  woody  mushrooms  and  metal
nanoparticles  are  toxic  to  animals  (Wang  et  al.
2017).  Although,  G.  applanatum has  valuable
pharmacological  effects  and lack toxicity.  It  has
been reported that, acute oral toxicity study is nec-
essary to determine the safer dose range to man-
age the clinical signs and symptoms of the drugs
(Saleem  et  al.  2016) and the toxic  outcomes of
drugs such as clinical signs and symptoms which
are principal observations among various toxicity
indicators should also be studied (Subramanion et
al.  2011) In the present study, SNPs loaded with
extract did not show any mortality and acute toxi-
city  symptoms (Table 3)  in  animal till  14 days.
Increased  in  respiration  and  sleeping  was
observed in rats after treatment up to 30 minutes.
An increase in breathing and sleeping within 30
minutes  from  treatment  were  associated  with
short-term  stress  in  rats  (Hirotsu  et  al.  2015).
Thus,  SNPs  loaded  with  G. applanatum extract
was found to be non-toxic and then used for the
study of impact of SNPs on thyroid and lipid pro-
file of rats.

T3 is a more active form of thyroid hormone
than T4,  and both are synthesized in the thyroid
follicles in low and high amount respectively. T4

is synthesized by monoiodination of T3 in  liver.
Serum  TSH  level  is  inversely  correlated  with
serum T3 and T4 level (Tabassum  et al.  2013). It
has  been  reported  in  hypothyroidism significant
decrease  in  serum  T3 and  T4 level  occurs  with
increase in TSH level (Garber  et al.  2012). Sub-
lethal exposure of silver oxide nanoparticles lack
capping  agent  of  bioactive  substances  from
medicinal  plants  or  fungi,  disrupt  signalling  of
thyroid hormone during metamorphosis of  Xeno-
pus laevis (Daudin 1802) (Carew et al. 2015) but
no recent work has  been  reported on impact of
SNPs loaded with  G. applanatum extract on thy-
roid  profile  of  rats.  Biochemicals  of  medicinal
plants and mushrooms origin such as flavonoids,
coumarins,  alkaloids, minerals, essential  oilcom-
ponents,  terpinene,  other  antioxidant compounds

etc. and they directly influence the pituitary–thy-
roid axis and elevate  or decrease the TSH level
and directly or indirectly elevate or decrease the
serum thyroid hormone level (Aleebrahim-Dehko-
rdy et al.2018). In the present study, 400 mg kg-1

dose of SNPs significantly (p<0.05) increased T3

and T4 concentration and decreased TSH concen-
tration compare to control and low dose treatment
groups (Table 4). Thus, the present study can be
correlated  with  the  previous  studies  done  as
regards the hyper thyroid effect of  natural  plant
and mushroom extract and can also be said that,
SNPs loaded with  G. applanatum extract act on
pituitary-thyroid axis and increased the synthesis
of T3 and T4. 

Many  studies  have  been  done  to  understand
the relation between thyroid function and chronic
heart diseases (CHD) based on lipid profile and
reported there is a significant positive correlation
between TSH and lipid profile of CHD patients
(Despre  et  al.2008).  It  has  been  studied  and
reported that, thyroid function modulates lipopro-
tein  metabolism  and  also  associated  with  some
cardiovascular disease (CVD) risk factors which
influence  overall  CDV risk  (Rizos  et  al.2011).
Significant increase in serum TSH level is directly
associated with the increase in TC, LDL choles-
terol  and  triglycerides  (TGs)  with  decrease  in
serum HDL cholesterol levels (Rizos  et al.2011).
It has been reported that TC and LDL cholesterol
levels elevate due to decreased activity of LDL-
receptors in hypothyroidism (Teixeira et al.2008).
T3 regulates  the  production  of  very low density
lipoprotein  (VLDL)  and  triglycerides  (TG)  by
protecting oxidation of LDL and by regulation of
gene  expression  LDL  receptor’s  (Faure  et
al.2004). Increased levels of LDL, VLDL choles-
terol and TG are the causative factors of chronic
heart diseases and they enhance risks of athero-
sclerosis  (Prenner  et  al.2014).  It  has  also  been
reported that HDL cholesterol is capable of pick-
ing  up LDL and VLDL cholesterol  from blood,
remove them from atheroma within arteries  and
transport them back to the liver for its excretion or
reutilization  (Despre  et  al.2008).  Higher  HDL
cholesterol level has fewer risk of cardiovascular
problems and are associated with better cardiovas-
cular health, but there is no significant effect in
cardiovascular system due to a further increase in
HDL level after gaining its optimum level (Sirtori,
2006).  Previously  it  was  reported  a,  significant
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decrease in serum LDL cholesterol, TC level and
an  increase  in  HDL  cholesterol  of  rats  when
treated with a mixture of gold and silver nanopar-
ticles at 50 mg kg-1 body weight dose (Sulaiman
et  al.2015)  Similar  study  has  been  done  and
reported  similar  significant  hypocholesteromeric
effect  of  silver  nanoparticles  on  rat  model  (Al-
Dujaili  &  Al-Dujaili,  2016).  Dandapat  et  al.
(2014)  also  reported  that,  SNPs  mediated  by
Aegle marmelos (L.)  Corrêa leaf  extract  signifi-
cantly decreases LDL and VLDL cholesterol level
in  rats  when  compare  to  normal  and  extract
treated rat groups. In the present study 400mg kg-
1  dose  of  SNPs  loaded  with  G.  applanatum
extract  significantly  decreased  total  cholesterol,
LDL cholesterol and triglyceride with significant
increase in HDL cholesterol level (Table-5) com-
pared  to  control  and  other  treatment  groups  of
rats.  Thus,  in  the  present  study,  significant
increase in T3, T4, and decrease in TSH, influence
the synthesis of HDL cholesterol with decrease in
total cholesterol, LDL cholesterol and triglyceride
and can be correlated with  the previous finding
based on hyper thyroid and hypolipidimic activity
of mushroom extracts, to understand the relation
of  thyroid  profile  and  lipid  profile  in  hypothy-
roidism.

Conclusion

The SNPs loaded with G. applanatum extract had
no acute toxicity. The finding is important, since,
anything which is being used as medicine or prob-
able  medicine  should  definitely  not  show acute
toxicity in studied models. The synthesized silver
nanoparticles mediated by  G. applanatum extract
showed significant increase in T3, T4 level and de-
crease  in  TSH  level.  The  nanoparticles  also
showed the hypocholesteremic activity. Thus, hy-
perthyroid  and  hypocholesteremic  activities  of
nanopatricles  provides  new hope for  application
of  SNPs  in  disorders  associated  with  hypothy-
roidism and hypercholesterilimia
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