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The present study assessed the ameliorative potential of a commercial probiotic, Protexin� and its
nanoformulation against cadmium (Cd) toxicity in Wistar rats. The ‘green’ synthesized nanoparticles
had a size of 170 nm (PDI 0.527) with spherical and tubular bacillary shapes. Rats were exposed to
70 ppm of cadmium chloride hydrate for 35 days. Group I and V were negative and positive control
respectively. Groups II, III, and IV were exposed to Cd. The Cd exposed groups, III and IV were treated with
the probiotic and nanoprobiotic (1 ml containing 2 � 108cfu) respectively. Cd intoxication led to signif-
icant bioaccumulation of cadmium in liver and kidney. A significant increase in the serum malondialde-
hyde (MDA) and 8 -hydroxydeoxyguanosine (8-OHdG) levels was observed. The metallothionien (MT)
and reduced glutathione (GSH) levels in the liver were significantly increased. The advance oxidation pro-
tein products (AOPP) and methylglyoxal (MG) levels were also elevated. Treatment with probiotic and its
nanoparticles markedly reversed the Cd induced alterations in the parameters. The nanoformulation was
more profound in reducing the (GSH) and MT levels in the liver and 8-OHdG levels in the serum. The key
findings suggest that a nutritional intervention in the form of probiotic supplementation is a safe and effi-
cacious remediation against heavy metal toxicity/oxidative stress.
� 2020 The Authors. 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

Cadmium (Cd) is the seventh most toxic heavy metal as per the
Agency for Toxic Substances and Disease Registry (ATSDR) ranking
(Jaishankar et al., 2014). Human exposure to the metal is primarily
by inhalation and ingestion and can thus lead to acute and chronic
intoxications. Cd is well recognized for its adverse influence on the
enzymatic systems of cells, and oxidative stress which subse-
quently induces oxidative damage of biomolecules (Espín et al.,
2014). Cysteine-rich metal-binding proteins such as metalloth-
ioneins are involved in the detoxification of toxic metals. Most of
Cd in the body is bound to metallothioneins (Jaishankar et al.,
2014). In addition, non-enzymatic reaction between reducing sug-
ars and proteins, known as glycation, has been in the forefront of
nutritional and medical research lately. The proposed role of Cd
in inducing advanced glycation end products (AGEs) that further
alter the production of reactive oxygen species and the activation
of several inflammatory pathways (Suhartono et al., 2014).

This concept of food being the medicine has been reintroduced
in the recent times as ’functional foods’ (Chow, 2002). One of the
functional foods which has garnered attention in the field of nutri-
tion and medicine over the past few decades is the probiotic (Toma
and Pokrotnieks, 2006). Currently, the best-studied probiotics are
Lactobacilli, Bifidobacterium and Saccharomyces (Feher, 2012). The
antioxidant potential of probiotics against oxidative stress in
pathogenesis of diseases as well as metal toxicity has been
reported in several experimental studies(Spyropoulos et al.,
2011; Jama et al., 2012; Ghenioa et al., 2015). Nanoformulation
of various nutraceuticals and functional foods have been explored
due to their enhanced bioavailability. A range of different novel
methods of nano formulations have been introduced lately,
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keeping environmental sustainability as the cornerstone of the
recent advances in nanotechnology (Maurya and Singh, 2019).

With this premise, the aim of the present study was to synthe-
size ‘green’ nanoparticles of a commercially available probiotic
mixture (Lactobacilli and Bifidobacterium) and to further evaluate
its role in alleviating Cd associated toxicity in male Wistar rat.
2. Materials and methods

2.1. Chemicals and kits

Cadmium chloride (Cd Cl2 1/2 H2O) was purchased from Techno
Pharmchem, Haryana (India). Commercial ELISA (enzyme-
linked immunosorbent assay) kits for Methylglyoxal (MG),
Metallothionein (MT), Advanced oxidation protein products
(AOPP), Reduced glutathione (GSH) ,Malondialdehyde (MDA),
8-hydroxydeoxyguanosine were purchased from My Bio Source
(USA).

A commercial Probiotic (PROTEXIN�) was procured from a local
pharmacy.

2.2. Synthesis and characterization of nanoparticles

Nanoparticles were prepared according to the method by Virk
et al. (2019).

The synthesized nanoparticles were characterized via transmis-
sion electron microscopy (TEM) (JEM-1400plus, JEOL, Japan) and
Zetasizer, Nano series, HT Laser, ZEN3600 (Molvern Instrument,
UK) for the size, shape and morphology.

2.3. Experimental design

All experiments were performed in accordance with the
requirements of the local animal ethics committee of the Univer-
sity of Prince Sattam bin Abdulaziz University (PSAU) (IRB number:
PSAU �2018-Para-830/PI). Adult male Wistar rats (n = 60), weigh-
ing 150 ± 10 g, were procured from the animal house facility at
King Saud University, Riyadh. Rats were acclimated to the labora-
tory conditions for a week at 22 ± 2 �C and a 12 h light/dark cycle
and were fed commercial diet and given tap water ad libitum. After
acclimatization, rats were randomly allocated into five groups of 6
rats each in replicates. The exposure period was 35 days. The five
experimental groups were as follows.

Group I – control group was administered physiological saline.
Group II – received CdCl2 at a dose of 70 ppm in saline (Cd). Group
III – received both CdCl2 (70 ppm) and probiotic (1 ml containing
2 � 108 cfu) in saline (Cd + PRO). Group IV – received both CdCl2
(70 ppm) and nanoprobiotic (1 ml containing 2 � 108 cfu)) in sal-
ine(Cd + NPRO). Group V – received only nanoprobiotic (1 ml con-
taining 2 � 108 cfu) in saline (NPRO). After the exposure period the
blood samples were collected for the preparation of serum and
plasma to assess the biochemical variables. Thereafter, the animals
were sacrificed and the liver and kidney were excised out for deter-
mination of the cadmium concentration. A set of liver samples
were kept for biochemical assays. All samples of serum, plasma
and tissue were stored at �80 �C till further analysis.

2.4. Determination of cadmium concentration

The tissue samples of liver and kidney were wet digested with
3.5 ml of 65% HNO3 and 0.5 ml of H2O2 30% in a microwave digester
(Milestone, Italy). The concentration of Cd in digested tissue sam-
ples was analyzed in an atomic absorption spectrophotometer
(220FS Varian, Australia) at wavelength of 228.8 nm (detection
limit 0.005 mg/ml) with 4.0 mA current. A calibration curve with
standard solution was plotted. The average reading of blanks was
subtracted from standard, test sample and then final concentration
(ng/g) was calculated

2.5. Preparation of plasma and serum

The blood collected in heparinized tubes was centrifuged at
1000 � g for 15 min at 2–8 �C within 30 mins of collection.

A serum separator tube (SST) was used to collect blood and
samples were allowed to clot for 30 mins before centrifugation
for 15 min at approximately 1000 � g. The plasma and serum were
stored in vials at –80 �C until further analysis.

2.6. Determination of lipid peroxides

The MDA levels in in the serum were determined using the Alli-
ance Waters High performance Liquid Chromatography (HPLC)
2695 system and a multi fluorescence detector (Model 2475,
USA). This system was operated by a Dell Optiplex GX1 computer
and Empower software. The MDA levels in the samples were
expressed as nmol/ml of the serum.

2.7. Determination of reduced glutathione (GSH), methyl glyoxal (MG)
and Metallothionein

For these assays, liver homogenates were prepared. The sam-
ples were then analyzed in accordance with the manufacture’s pro-
tocol provided with the ELISA kits.

2.8. Determination of advance oxidation protein products (AOPPs), 8-
OHdG levels.

The plasma and serum samples were used for the assays. The
samples were analyzed in accordance with the protocol provided
with the ELISA kits from My Bio Source, USA.

2.9. Statistical analysis

All presented data are expressed as mean values ± standard
error (SE). One-way analysis of variance (ANOVA) was performed
followed by an unpaired Student’s t-test to analyze group differ-
ences using SPSS 22.0 statistical software (Chicago, IL, USA). The
significance level was set to p � 0.05.

3. Results

3.1. Characterization of nanoparticles of probiotic

The particle size distribution of the prepared probiotic nanopar-
ticles (ProN) is shown in Fig. 1.

Mean particle size observed was 170 nm with a poly dispersity
index (PDI) of 0.527, with two contiguous peaks. The TEM analysis
showed the presence of distinct variable forms of the nanoparti-
cles, cluster widespread, spherical accumulated and tubular bacil-
lary as shown in Fig. 2.

Fourier -transform infrared spectroscopy (FTIR) measurement
was carried out to identify the possible biomolecules present both
in the bulk and nano probiotic. Prominent IR bands were observed
for the probiotic at 600.93 cm�1, 834.57 cm�1, 930.55 cm�1,
1060.43 cm�1, 1133.50 cm�1, 1422.61 cm�1, 1647.50 cm�1,
2114.54 cm�1, 2927.12 cm�1, 3250.21 cm�1. Similar bands were
also observed for the nanoprobiotic. The bands at 599.88 cm�1

and 600.93 cm�1 may be attributed to C-I stretching indicating a
halo compound. The bands at 834.57 cm�1 and 833.99 cm�1 indi-
cate strong C–H bending. The band at 930.55 cm�1 and



Fig. 1. Particle size distribution of the nanoparticles as obtained from Dynamic Light Scattering.
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929.99 cm�1 was identified as as an alkene with a strong C = C
bending. The bands between 1053.95 and 1133.96 were identified
as alcohol and ester groups with strong C-O stretching. The bands
at 1647.50 cm�1 and 1642.55 cm�1 indicate C = C stretching due to
the presence of alkenes. Further, the bands at 1647.50 cm�1 and
1642.55 cm�1 suggest the presence of imine group with medium
C = N stretching. The bands at 2930.20 cm�1 and 2927.12 cm�1

are attributed to the alkane group due to the medium C–H stretch-
ing. Finally, a broad peak located at 3250.21 cm�1, which could be
assigned to the O–H stretching vibrations, indicates the presence of
hydroxyl groups(Fig. 3).

The synthesized nanoparticles and the probiotic powder were
characterized by X-ray diffractometer (XRD). The XRD patterns of
the of the probiotic and the nanoparticles are shown in Fig. 4.
The powder diffraction pattern indicates the amorphous structure
of nanoparticles by the intense peak at about 2h = 22�. This indi-
cates that the probiotic and its nanoformulation exhibits a more
or less amorphous structure.
3.2. Cadmium concentration in tissues

A significant (p � 0.05) increase in Cd concentration was
observed in the liver, in comparison to control group. Treatment
with the probiotic and nano probiotic did reduce the cadmium
concentration significantly (p � 0.05). Similarly, a significant
(p � 0.05) increase in the Cd concentration was observed in the
kidneys in comparison to the control. Treatment with both probi-
otic and nano probiotic significantly (p � 0.05) reduced the con-
centration of Cd. However, within the treatments, there was no
significant difference observed (Figs. 5 and 6).
4. Biochemical analysis

4.1. Lipid peroxidation

The serum MDA levels were significantly (p � 0.05) higher in
the group exposed to Cd only, in comparison to the control. Treat-
ment with the probiotic and nanoprobiotic significantly (p � 0.05)
reduced the MDA levels in comparison to the group exposed to Cd
only (Table 1).

4.2. Methylglyoxal (MG) levels in liver

The levels of the advanced glycation end products such MG in
the serum were significantly (p � 0.05) higher in the group
exposed to Cd only, in comparison to the control. In the Cd exposed
groups, treatment with probiotic and nano probiotic significantly
(p � 0.05) reduced the MG levels in comparison to the group
exposed to Cd only. However, within the treatments there was
no significant difference observed (Table 1).

4.3. Reduced glutathione (GSH) levels

The GSH levels in the liver were significantly (p � 0.05) higher
in the group exposed to Cd only, in comparison to the control.
Treatment with the probiotic did not show any significant effect
on the GSH levels. However, treatment with nano probiotic signif-
icantly (p � 0.05) reduced the GSH levels compared to the group
exposed to Cd only (Table 1).

4.4. 8-hydroxy-20-deoxyguanosine (8-OHdG) levels in serum

The 8-OHDG levels in serumwere significantly (p� 0.05) higher
in the group exposed to Cd only, in comparison to the control.
Treatment with probiotic did not show a significant detectable
effect on the levels. However, treatment with nano probiotic signif-
icantly (p � 0.05) reduced the 8-OHDG levels (Table 1).

4.5. Advanced oxidation protein products (AOPP) levels in plasma

The AOPP levels in the plasma were significantly (p � 0.05)
higher in the group exposed to Cd only, in comparison to the con-
trol group. Both treatments (PRO, NPRO) significantly (p � 0.05)
reduced the AOPP levels in the plasma. In fact, the treatments
restored the AOPP levels to that of the control. Within the treat-
ments no significant difference was observed (Table 1).



Fig. 2. Electronmicrographs of the nanoparticles of probiotic with methanol. Nanoparticles had distinct variable forms (a) spherical accumulated (b) tubular bacillary (c)
cluster tubular bacillary.
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4.6. Metallothionein (MT) levels in liver

The MT levels in liver were significantly (p � 0.05) enhanced in
the group exposed to Cd only, in comparison to the control. The
treatment with probiotic did not have significant effect on the
MT levels. Thus, the nano probiotic treatment was significantly
(p � 0.05) more effective in reducing the MT levels in the liver
(Fig. 7).

5. Discussion

The novel method of nanonization used in this study was with-
out any stabilizers, surfactants or metals. The results clearly
showed the presence of nanoparticles with an average size of
170 nm (PDI = 0.527) with two contiguous peaks which exhibit
the stability of the particles. The particles were poly dispersed, a
general pattern of distribution exhibited by nanoparticles from
biological synthesis (Markus et al., 2016). Almost similar nanopar-
ticle size of 166 nm (PDI = 0.291) have been reported previously for
titanium oxide nanoparticles (Okuda-Shimazaki et al., 2010). The
nanoparticles clearly showed variable shapes, cluster widespread,
spherical and tubular bacillary. Similar spherical and cluster
shaped AuNps were reported with probiotic, Lactobacillus kimchi-
cus DCY51T (Markus et al., 2016). The XRD pattern revealed the
low degree of crystallinity of the nano probiotic. It seems that
the probiotic maintained a low level of crystallinity and it did
not change its form during nano formulation. Some previous stud-
ies have suggested that stable amorphous forms (low crystallinity)
are advantageous as they exhibit better solubility and therefore
higher rates of dissolution which possibly enhances drug release



Fig. 3. Fourier-transform infrared spectroscopy spectra of the probiotic and nano probiotic powder.

Fig. 4. X-ray diffractograms of the probiotic and nano probiotic powder.
Fig. 5. Mean (±SE) cadmium concentration (ng/g) in liver of rats exposed to 70 ppm
CdCl2�H2O and treated with probiotic (Cd + Pro) and nanoprobiotic (Cd + NPro).
Different letters indicate significant differences between experimental groups
(p � 0.05).
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and subsequent adsorption and bioavailability (Boateng and
Areago, 2014; Vijayalakshmi et al., 2014). The FTIR spectra
observed in the present study was similar to the pattern reported
for the spectra of AuNps synthesized by Lactobacillus kimchicus
DCY51T (Markus et al.,2016) and silver nanoparticles using a pro-
biotic Bacillus licheniformis Dahb1 (Shanthi et al.,2016).

The results of the present study showed that the exposure of
rats to Cd significantly increased the concentration of cadmium
in the liver and kidneys. This is in line with previous studies which
have also reported an elevation in Cd bioaccumulation in test tis-
sues in rats (Klaassen et al., 2009). The high levels of Cd accumula-
tion in both liver and kidney over time could be attributed to the
fact that these organs are metabolically active and are involved
in detoxification (Klaassen et al., 2009). In the present study, pro-
biotic treatment both as bulk and nanoparticles markedly reduced
the Cd bioaccumulation in the liver and kidneys. A similar study on
broilers by Ghenioa et al. (2015) reported that a concurrent
treatment of Bactosac�, a probiotic showed significant improve-
ment in the accumulation pattern of Pb in target organs.

The Cd-induced oxidative stress in rats in this study was evi-
dent from the increased lipid peroxidation, manifested as the high
serum MDA levels. These results are in line with previous experi-
mental studies on Cd- induced oxidative stress (Renugadevi and
Prabu, 2009; Haidari et al., 2013; Al-Anazi et al., 2015). The signif-
icant induction in MDA levels observed in Cd-exposed rats, mir-
rored the higher metal in target organs. A profound protective
effect of the probiotic was observed as the serum levels of MDA
were significantly reduced in the treated groups. These findings
are in consensus with a previous studies which reported the
antioxidant potential of probiotics (Castex et al., 2010; Zhao
et al., 2020).



Fig. 6. Mean (±SE) cadmium concentration (ng/g) in kidneys of rats exposed to
70 ppm CdCl2�H2O and treated with probiotic (Cd + Pro) and nanoprobiotic
(Cd + NPro). Different letters indicate significant differences between experimental
groups (p � 0.05).

Fig. 7. Mean (±SE) MT levels in liver (ng/ml) of rats exposed to 70 ppm CdCl2�H2O
and treated with probiotic (Cd + Pro) and nanoprobiotic (Cd + NPro). Different
letters indicate significant differences between experimental groups (p � 0.05).
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Liver dysfunction could possibly further lead to dysregulation of
the GSH-dependent antioxidant system (Cheng et al., 2017). It has
been reported that hepatic GSH levels could initially increase on Cd
exposure and then decline with increased exposure duration (de
Voogt, 2017). In congruence with this, in the present study the
hepatic GSH levels were significantly enhanced on Cd exposure
and treatment with the nanoprobiotic did reverse the effect and
Table 1
Biomarkers of Oxidative stress (Mean ± SE).

Experimental
groups

Serum MDA(nmol/ml)
levels

GSH (mmol/L) levels in
liver

Serum 8
(ng/ml)

Control 0.7960 ± 0.01085a 151.9694 ± 2.71380a 25.7412
Cd 1.5074 ± 0.08762b 175.3968 ± 2.74542b 28.8832
Cd + PRO 0.7762 ± 0.02164a 159.6618 ± 6.68666b 27.1994
Cd + NPRO 0.7516 ± 0.05208a 156.0316 ± 3.02353a 26.0116
NPRO 0.6157 ± 0.10249a 162.5148 ± 4.01480a 25.6338
improved the overall hepatic oxidative stress in line with the study
by Zhao et al. (2020). The metal-mediated generation of ROS can
generate severe oxidative damage in nucleic acids, such as strand
breaks and base oxidation 8-OHdG (Valavanidis et al., 2009). In this
study the exposure to Cd showed a marked increase in the serum
levels of 8-OHdG which corresponds to the Cd- induced oxidative
DNA damage. Treatment with nanoprobiotic significantly reversed
the effect of Cd on the oxidative DNA damage. The Cd-induced
oxidative damage was further assessed on protein oxidation which
leads to the formation of AOPPs. Exposure to Cd significantly
increased the AOPP levels in plasma. In consensus to this, Husna
et al. (2014) also reported enhanced levels of AOPPs in the ovarian
cells of female rats exposed to Cd. Increasing evidence indicates
AOPPs as a novel marker of oxidative stress (Sun et al., 2013) which
are produced as a result of myeloperoxidase activity in activated
neutrophils acting on hypochloric acid and chloramines; reliable
markers of oxidative modification of proteins (Husna et al., 2014).

In the present study the levels of a-dicarbonyl compound, MG,
an end product of advanced glycation were significantly increased
on Cd exposure. Increased concentrations of MG are linked to
oxidative stress, apoptosis and increased frequency of DNA strand
breaks (Rabbani and Thornalley, 2012). A similar pattern was pre-
viously reported in the ovarian cells of female rats, exposed to Cd
for a period of 4 weeks (Husna et al., 2014). The proposed mecha-
nism is that metals can catalyze the 2,3-enediol and form MG and
hydroperoxide (Husna et al., 2014). Treatment with the probiotic
and nanoprobiotic significantly decreased the serum levels of 8-
OHdG, AOPPs and MG owing to the antioxidant and chelating prop-
erty of the probiotics.

A marked increase in the hepatic MT levels was observed in rats
exposed to Cd. This corresponds to the increased bioaccumulation
observed in the liver and kidneys which could have induced the MT
biosynthesis. These proteins play a vital role in the detoxification of
heavy metals and metal ion homeostasis, which is due to their high
affinity for these metals (Ruttkay-Nedecky et al., 2013). The effect
of the nanoprobiotic on lowering the MT levels was more pro-
found. Recent studies in nutritional research have revived the
health benefits of probiotics in humans (Wang et al., 2017) with
the focus primarily on the Lactobacillus and Bifidobacterium strains
commonly found in the probiotic formulations. A recent review by
Wang et al. (2017) summarized that probiotics may modulate the
redox status of the host via their metal ion chelating ability, antiox-
idant systems, regulating signaling pathways, controlling the
enzyme producing ROS, and intestinal microbiota. The involve-
ment of anionic surface groups on probiotic bacteria (L. rhamnosus
and some Bifidobacterium longum strains) have been reported that
increase the number of ligands capable of binding cationic metals
such as cadmium and lead (Jama et al., 2012).
6. Conclusions

Thus, concurrent treatment with the probiotic and nano probi-
otic significantly reversed the Cd induced alterations and based on
the broad assessment the nano probiotic was more efficacious.
-OHdG levels Plasma AOPP levels
(lmol/L)

Serum methylglyoxal levels
(ng/ml)

± 0.92705a 23.5030 ± 0.44638a 4.6630 ± 0.37867a

± 1.58224b 32.3400 ± 2.69710b 9.0746 ± 0.70370b

± 0.58263b 23.4100 ± 2.17051a 3.8710 ± 0.70170a

± 1.16281a 24.3680 ± 1.30898a 4.8010 ± 0.47595a

± 0.77956a 23.3500 ± 0.60000a 4.5380 ± 0.46420a
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