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Abstract The current research was intended to establish the impact of Silibinin nanoparticles

(SB-APSP) produced by the antisolvent precipitation with a syringe pump (APSP). The in-vivo

bioavailability and hepatoprotective activity of SB-APSP were evaluated in experimental animals.

To determine the pharmacokinetic parameters, silibinin and its nanoparticles were given orally to

rabbits at a dose of 50 mg/Kg body weight. Blood samples were drawn at different time intervals

and were analyzed using HPLC. The bioavailability of un processed silibinin was lower as com-

pared to silibinin nanoparticles (3.45 ± 0.07 and 23.76 ± 0.07 mg/mL respectively). The AUC

and Cmax of SB-APSP were found to be 15.56 and 6.88 folds greater for nanoparticles when com-

pared to silibinin. Hepatoprotective study in Male Sprague Dawley rats revealed that SB-APSP pro-

vide better recovery of the damaged liver cell induced by CCl4. Histopathology of the liver revealed

that SB-APSP provide better protection to the liver cells from the damage induced by CCl4 and

maintained the hepatic lobule histopathology more efficiently. It was concluded that the

SB-APSP can more effectively protect the liver in experimental animals in a far better way

compared to the un-processed Silibinin and could be used as an efficient hepatoprotective agent.
� 2020 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

Liver is the key site where different kind of xenobiotics, envi-
ronmental pollutants and most importantly the chemothera-

peutic agents gets metabolized and is thus exposed to
infections by a number of agents (Amirsaadat et al., 2017;
Dixit et al., 2007; Hussain et al., 2011; Loguercio and Festi,

2011). Liver has its own defense mechanism which protects it
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Fig. 1 Preparation of naoparticles.
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from the harmful effects of different compounds that get
metabolized there. The Failure of this defense system will
make liver susceptible to the attack of microbes and toxic

chemical which ultimately would result into liver atrophy.
Liver diseases are prevalent worldwide and many scientists
are working to develop new compounds having the ability to

cure the damaged liver. A number of starategies have been
developed to treat liver diseases. Although synthetic drugs
are quite effective but associated with many undesirable side

effects. The use of natural antioxidants and hepatoprotective
plant products are considered to be the best alternative of syn-
thetic hepatoprotective drugs as they have a natural origin and
exhibits very few side effects (Dixit et al., 2007). Silymarin, a

herbal formulation has shown hepatoprotective potentials in
liver damage. Chemically, it is a flavonolignane complex con-
taining silibinin and its isomers; silicristin and silidianin.

About 60% of silymarin is silibinin while 40% are the other
two isomers. As silymarin main component is silibinin which
is sparingly soluble in water which thus reducing the efficacy

of the formulation in liver damage. A number of attempts have
been made to increase the solubility of silibinin in aqueous
media (Woo et al., 2007; Wu et al., 2007; Wu et al., 2009).

Amongst the different approaches used to enhance the sol-
ubility of silibinin and thus bioavailability; complexation and
solid dispersions are considered to be the most effective tech-
niques that considerably increase the bioavailability (Arcari

et al., 1992; Barzaghi et al., 1990; Chen et al., 2005; Ellahi
et al., 2019; Koo et al., 2002; Morazzoni et al., 1992;
Prakash et al., 2019). Although enhancing bioavailability

through dispersion is effective techniques but if a drug compo-
nent to be dispersed have particle sizes in micro range would
not be much effective in comparison to nano size particles.

Smaller size particles have larger surface area and high propor-
tion of surface atoms. Nanotechnology is an emerging field of
science that deals with conversion of larger particles into smal-

ler one having diameter in nanometers range. Sparingly soluble
substances having particles in nanorange can more effectively
be dispersed in the aqueous medium in comparison to particles
having size microrange (Javed et al., 2011; Jogaiah et al., 2019;

Palencia et al., 2019; Zeeshan et al., 2018).
A number of approaches have been used to convert spar-

ingly soluble substances into nano sized particles. Amongst

them solvent/antisolvent approach have produced far reaching
results whereby an antisolvent is added to the saturated solu-
tion of the sparingly soluble substance to produce nanoparti-

cles in the form of precipitates. The precipitation method has
advantage over other approaches as they requires low energy
and are simple, and robust. Also the nanoparticles fabricated
by the precipitation methods have more surface energy and

have fine and uniform particle size (Sahibzada et al., 2017).
Although silibinin nanoparticles have been synthesized by a

number of methods, however, the solvent/antisolvent method

have not been used to prepare its nanoparticles. Therefore,
in the current study the approach of antisolvent precipitation
with a syringe pump (APSP) was used to prepare silib-

inin nanoparticles to enhance its bioavailability. The evalua-
tion of pharmacokinetic parameters and consequently its
hepatoprotective ability was checked in experimental animals

(Rabbits and Male Sprague Dawley rats).
2. Experimental

2.1. Materials

All the chemicals utilized in the current study were of analyti-
cal grade with highest purity. Silibinin (98% pure) and Sily-

marin were acquired from the Sigma-Aldrich (St Louis, MO,
USA). Standard histotechnology procedures were adopted
for the preparation of laboratory reagents like Harris hema-

toxylin, eosin stain and neutrally buffered formalin solution
(10%). (Prophet et al., 1992) HPLC system used during the
bioavailability studies was Perkin Elmer Series 200 HPLC sys-
tem. Healthy rabbits each weighing 2–3 kg were selected for

bioavailability studies. For hepatoprotective activity, Male
Sprague Dawley rats, each weighing 150–200 gm, were
acquired from the National Institute of Health (NIH), Islam-

abad. The experimental animals were acclimatized at
22 ± 2 �C for seven days prior to use. Animals were given food
and water ad libitum. All the procedures on experimental ani-

mals were carried out according to the ARRIVE and NIH
Animal Research guidelines. The current study was approved
by the Ethical Committee of the University of Malakand.

2.2. Preparation of nanoparticles

Nanoparticles from the unprocessed silibinin (SB) were fabri-
cated according to the method reported by Sahibzada et al.

(2017). The Antisolvent precipitation with a syringe pump
technique was utilized for the nanoparticle fabrication as
shown in Fig. 1. SB solution was injected at constant rate

and stirring to the stabilizer solution which was composed of
propylene glycol and water, acted as antisolvent. The prepared
nanosuspension was subjected to the rotary evaporator under

vacuum to yield solid nanoparticles (SB-APSP). Different ana-
lytical techniques like particle size analyzer, SEM, XRD and



3684 M.U.K. Sahibzada et al.
DSC were used to characterize the nanoparticles (Bhatti et al.,
2018; Jogaiah et al., 2019; Palencia et al., 2019; Sarafraz et al.,
2020).

2.3. Bioavailability studies

To determine the bioavailability of prepared nanoparticles and

Silibinin, two groups of healthy rabbits (7 rabbits each) were
made. One was given unprocessed drug while to the other
group, the nanoparticles. Experimental animals were fasted

for 12 h prior to the experiment. Nano drug was administered
orally at a dose of 50 and 100 mg/kg of body weight to the ani-
mals. About 2 mL of blood was drawn from the marginal ear

vein of each animal at predetermined time intervals (0, 30, 60,
90, 120, 240, 360, 720 and 1440 min). The blood samples were
instantly centrifuged for 20 min at 3,000 RPM. The super-
natant was separated and stored in frozen state until further

use. The samples were analyzed through HPLC following the
procedure described Wu et al (2007).

2.4. Hepatoprotective study

To determine the bioavailability of prepared nanoparticles and
Silibinin, Six groups of healthy Male Sprague Dawley rats

(n = 7) were made. Each animal was administered both SB
200 mg/kg and SB-APSP (used at a dose of 50 mg/kg and
100 mg/Kg) both suspended in CMC solution (0.5% w/v).
The medications were administered through an oral gavage

tube for three weeks as shown in Fig. 2. As positive control,
Silymarin at a dose of 200 mg/kg, suspended in 1% CMC
was utilized. A saline solution containing 0.5% w/v carboxy

methyl cellulose was used as negative control. At the end of
dose regimen, a single 2 mL/kg dose of carbon tetrachloride
(CCl4 in olive oil) was administered intraperitoneally, two

hours after the administration of drugs. The experimental ani-
mals were distributed into groups as shown according to the
plan shown in Table 1.
Fig. 2 Experimental an
2.4.1. Blood biochemical investigations

From the experimental animals, blood samples were collected

24 h after the CCl4 treatment and were allowed to clot follow-
ing by centrifugation (K 240 R, Centurion scientific, UK) for
15 min at 3000 rpm, to separate serum, which was kept in stor-

age at 4 �C till further use. The biochemical parameters deter-
mined were liver function test (LFT) enzymes levels of
aspartate aminotransferase (AST), alanine aminotransferase

(ALT) and alkaline phosphatase (ALP) were determined
(GO F400 CH, Chema Diagnostica, Italy).

2.4.2. Histological evaluation

At the end of dose regimen, liver samples were taken from each
rabbit and were put in neutrally buffered formalin solution
(10%) for 48 h followed by dehydration of the liver tissues

in ethanol solution. Finally, the liver tissues were cleared and
permeated in two changes, each of 100% xylene. Liver tissues
were then placed in paraffin wax and were sectioned into tissue
blocks of 4 lm size using a rotary microtome. During micro-

scopic observation, the tissue blocks were stained with Harris
hematoxylin and eosin (H&E) dye solution.

2.5. Statistical data analysis

The experimental data was analyzed by one way ANOVA,
which was followed by Tukey’s multiple comparison post hoc

test to determine the data statistical significance of the differ-
ences between groups.

3. Results and discussion

Nanoparticles of the Silibinin were obtained using antisolvent
precipitation method with a syringe pump. To get nanoparti-

cles of optimum particle size and PDI a number of experiments
were carried out. Optimally sized SB-APSP were obtained at
stirring speed 3000 rpm, Solvent-antisolvent ratio (1:10) and
imals dosing scheme.



Table 1 Treatment groups for the

hepatoprotective study.

Groups Drug administered

1st Group Negative control

2nd Group Carbon tetrachloride

3rd Group Silymarin

4th Group Unprocessed silibinin-200

5th Group SB-APSP-50

6th Group SB-APSP-100

Fig. 3 Optimization of Particle size and PDI for APSP method;

BB-APSP.
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1% w/v concentration of the propylene glycol. The size of SB-
APSP at optimized condition obtained were: 104.5 ± 3.2 nm

and the PDI: 0.301 ± 0.02 (Fig. 3). Particle size reduction
results in greater surface area and have diffusion layer with less
thickness. Both of them improve the contact of solvent with
the material that help in improving the solubility, dissolution

and bioavailability (Sahibzada et al., 2018). SEM data con-
firmed the nano size of the prepared nanoparticles (Fig. 4).
XRD and DSC analysis also confirmed less crystalline struc-

ture of the nanoparticles when compared to the unprocessed
drug (Figs. 5 and 6).
Fig. 4 SEM pictures of SB-APSP
3.1. Bioavailability studies

Bioavailability studies revealed that the prepared nanoparticles
have a better pharmacokinetic profile in comparison to the
unprocessed drug. Following administration orally, the AUC

and Cmax for SB-APSP were found to be 15.6 and 6.9 times
greater than the unprocessed Silibinin (Fig. 7 and Table 2).

Previous studies revealed that Silibinin have limited
bioavailability, which is linked to the poor absorption rate

and high reactivity with phase II conjugation (Lorenz et al.,
1984; Wu et al., 2007). On the other hand, when the Silibinin
was converted to nano form by APSP method resulted in for-

tified bioavailability and improved pharmacokinetic profile.
The pharmacokinetic evaluation data in Table 2 revealed that
the plasma level of un-processed silibinin was very low com-

pared to the nanoparticles. The plasma concentration of SB
and SB-APSP recorded during the study were 3.45 ± 0.07
and 23.76 ± 0.07 mg/mL, respectively. Particle size reduction

enhanced the surface area, reduced thickness of the diffusion
layer, improved adhesion of the material to the cell membrane
and also caused an increase in the surface free energy which
improved its solubility and bioavailability.

3.2. Hepatoprotective studies

Silibinin constitute about 60% of the silymarin, so silibinin has

a major role in the silymarin hepatoprotective activity and all
other benficial effects. Hepatoprotective activity of silymarin
has been demonstrated by various researchers from all over

the world in experimental animals by using carbon tetrachlo-
ride as toxicant (Mourelle et al., 1989; Muriel and Mourelle,
1990). Among other effects, it prevents the increase in liver
lipoperoxidation caused by CCl4. The silibinin beneficial

effects are due to its capability to inhibit lipoperoxidative pro-
cesses, since lipid peroxidation is one of the main factor of
CC14 induced liver damage. CC14 metabolism results in the

Free radicals which attack and modify the membrane compo-
sition and thus alters the activities of certain ATPases (plasma
membrane-embedded enzymes). Steatosis could result from a

combination of reduced apolipoprotein production, enhanced
free fatty acid influx, and maybe decreased fatty acid beta-
oxidation in the hepatocytes. In addition, the ability of sily-

marin to capture free radicals arising from CCl4 metabolism
could prevent the inactivation of those enzymes involved in
with different magnifications.



Fig. 5 XRD diffractogram of SB and SB-APSP.

Fig. 6 DSC results of APSP method.

Fig. 7 Graphical representation of the In-vivo studies for

bioavailability assessment.

Fig. 8 Serum biochemical evaluation of the LFT enzymes in

different treatment groups. Values presented as mean ± SEM.
###P < 0.001 compared to control vehicle alone treated group,

*P < 0.05, **P < 0.01, ***P < 0.001 compared to CCL4 alone

treated group. One way ANOVA followed by post hoc Tukey’s

multiple comparison test (n = 7 rats per group).

Table 2 In-vivo bioavailability studies of silibinin and its

nanoparticles.

Samples Pharmacokinetic parameter

Tmax

(Hours)

Cmax

(mg/mL)

AUC0-t

(mg-h/mL)

Unprocessed

silibinin

1.0 ± 0.15 3.45 ± 0.07 20.48 ± 3.16

Nanoparticles 0.5 ± 0. 11 23.76 ± 0.07 318.63 ± 12.64

Values are expressed as mean ± SD. n = 6 Rabbits per sample.
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beta-oxidation of fatty acids (Mourelle et al., 1989). The obser-
vations recorded in this study are described in following lines:

3.2.1. Biochemical evaluation of the silibinin and its

nanoparticles

To evaluate the hepatoprotective effect of unprocessed Silib-
inin and their nanoparticles (SB-APSP), the experimental ani-

mals were intoxicated with carbon tetrachloride (CCl4) to
produce hepatotoxicity (Bhathal et al., 1983). Certain bio-
chemical parameters like ALT, AST, ALP, and histopatholog-
ical evaluation were carried out to assess the hepatotoxicity
caused by the CCL4 which resemble histologically to the viral
hepatitis (James and Pickering, 1976). As shown in Fig. 8, sub-

stantial alterations in serum LFT enzymes levels of the groups



Fig. 9 Histopathological assessment of hepatotoxicity studies (H & E; x400 original magnification) (n = 7 rats per group).
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treated with silymarin, unprocessed Silibinin and SB-APSP
were observed; AST [F(7,40) = 21.01, P < 0.0001], ALP

[F(7,40) = 7.158, P < 0.0001] and ALT [F(7,40) = 25.18,
P < 0.0001] following the CCL4 dose. A comparison with
the control showed that CCL4 caused an enormous and signif-
icant elevation (P < 0.001) of LFT enzymes levels. On the

other hand, the groups treated with the Silibinin nanoparticles
at doses of 50 mg/kg (P < 0.01) and 100 mg/kg (P < 0.001)
compensated the resultant increase in the LFT enzymes levels

induced by the CCL4 to a greater extent. The positive control,
silymarin which was administered at a dose of 200 mg/kg, have
remarkably counteracted (P < 0.001) the serum LFT enzymes

levels of the treatment group that received unprocessed Silib-
inin at a dose of 200 mg/Kg.

3.2.2. Histopathological evaluation

The hepatic tissues isolated from different treatment groups
were evaluated histopathologicaly to evaluate the impact of
different medication on the CCL4 induced hepatotoxicity. In

a study conducted by Akbari-Kordkheyli et al. induced liver
ischemia-reperfusion injuries (I/RI) showed that Silibinin
inhibited hepatocyte vacuolization and degeneration, endothe-
lium damages, sinusoidal congestion and inflammation during

I/RI (Akbari-Kordkheyli et al., 2019). In the current study, the
treated groups received CCl4 showed the extensive necrosis
that can be seen throughout the hepatic lobule. In the Fig. 9,

we can see that the central vein is damaged badly and is col-
lapsing due to the necrosis caused by the CCl4. The central
vein and dilated sinusoidal space are covered with the debris
of red blood cells, lymphocytes shown as blue dots and many

necrotic fragments that are spread all over. Also the lipid per-
oxidation induced by the CCl4 can be seen in the form of
microvesicular and macrovesicular steatosis. Intense coagula-

tive necrosis along with the hyaline inclusions in the Centrilob-
ular hepatocytes can be seen in Fig. 9B.

Fig. 9 shows hepatic tissues photomicrograph of different

groups. The first photomicrograph (9A) represents the group
treated with saline solution only; negative control, in which
the central vein appears to have normal physiology with
proper boundaries. The hepatocytes plates appear to normal

with clear sinusoidal space visible. Fig. 9B represent the animal
group treated with toxic control; CCl4. The central vein
appears to be collapsed/congested and covered with the debris

of red blood cells, lymphocytes (blue dots) and necrotic frag-
ments, spread throughout the photomicrograph. Hepatocytes
have severe necrosis along with the macrovesicular and

microvesicular steatosis because of lipid peroxidation induced
by the CCl4. Liver cross section shown in Fig. 9C belongs to
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the group treated with silymarin, 200 mg. One can clearly see
that the liver has maintained its normal physiology and not
much damage has occurred due to CCl4. Fig. 9D belongs to

the group treated with unprocessed drug administered at a
dose of 200 mg with mild microvesicular steatosis. Fig. 7E
and F represent the liver cross section obtained from the ani-

mal treated with silibinin nanoparticles given at a dose of 50
and 100 mg respectively. One can see that sinusoidal dilatation
and some mild microvesicular steatosis yet the extent of dam-

age from the CCL4 has been prevented to a greater extent by
the nanoparticles and have preserved the hepatic lobule basic
histoarchitecture yet there was central veins congestion but
within a reasonable limit, permeation of red blood cells and

lymphocytes into sinusoidal spaces which were dilated, also
mild microvesicular steatosis and infrequent macrovesicular
steatosis. Pretreatment with Silibinin that have anti inflamma-

tory and anti-free radicals properties explain the protection
caused by the drug (Akbari-Kordkheyli et al., 2019; Tsai
et al., 2008). Silibinin nanoparticles treatment reduced the

severity of hepatic damage, when compared to that observed
results for the unprocessed drug after CCl4 treatment. The
decreased neutrophil infiltration in the hepatic tissue further

indicated its significant hepatoprotective effect when compared
to the similar studies conducted by other researchers (Akbari-
Kordkheyli et al., 2019; Freitag et al., 2015).

Alteration in the endoplasmic reticulum were the beginning

of liver toxicity which resulted in the loss of metabolic enzymes
located in the intracellular structures (Jain et al., 2008;
Recknagel, 1983). Also a toxic metabolite carbon trichloride

(CCl3) radical is produced after the ingestion of CCL4 which
further convert to trichloromethyl per-Oxy radical after reac-
tion with the oxygen by the cytochrome P450 2E1 enzyme. Tri-

chloromethyl per-oxy radical then bind covalently to the
macromolecules and causes the per-oxidative degradation of
adipose tissue lipid membrane. Silibinin causes the reduction

of these effects by reducing the levels of hepatic enzymes like
ALT and AST, which were enhanced upon conversion to the
nano form. Reduction in the levels of hepatic enzymes is an
indication of the stabilization of plasma membrane and also

an indication of the recovery of liver tissues from the damage
caused by CCL4. The recovery of hepatic parenchyma and
rejuvenation of hepatocytes start as the serum levels of

transaminases return back to normal (Thabrew et al., 1987).
A little microvesicular steatosis was the only histopathological
alteration that was observed in the animal groups, treated with

silibinin or silymarin (200 mg/kg) plus carbon tetrachloride
(Fig. 9C and 9D). Silibinin nanoparticles performed effectively
in treating the CCL4 induced toxicity comparative to the un-
processed silibinin and silymarin which has established hepato-

protective effects (Vargas-Mendoza et al., 2014).
4. Conclusion

The hepatoprotective effects and pharmacokinetic profiles pro-
duced by the silibinin nanoparticles were found better when
compared to that of un-processed silibinin. Maximum plasma

concentration values and AUC resulted from the nanoparticles
were better than that of Un-processed drug. The fabricated
nanoparticles could regularize the hepatic cytochrome P450

enzyme system and stimulate the liver regenerative activity as
they restored all the liver function markers. Histological
micrographs of liver sections indicated the diminution of liver
impairment induced by CCL4. The data obtained in this study

clearly revealed that nanoparticles of silibinin effectively
enhance the therapeutic effects.
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