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The study was devised to prepare berberine nanoparticles by anti-solvent precipitation method and were
assessed for their hepatoprotective effect in Male Sprague-Dawley rats against carbon tetrachloride. The
pharmacokinetic parameters of the prepared nanoparticles and berberine were evaluated in rabbits.
Histopathological studies and blood biochemical analyses were carried out to evaluate the role of both
forms of berberine in the experimental animals. Substantial improvement in the liver function test
enzymes levels and liver histopathology were achieved in the animals treated with berberine nanoparti-
cles in comparison to the unprocessed berberine whereas, pharmacokinetic parameters for nanoform of
berberine were about 3.97 and 3.88 folds higher than that of the unprocessed berberine. The study
revealed that the reduction of berberine particle size to nano range improved pharmacokinetic parame-
ters in rabbits. The nano berberine provided better liver protection in experimental rats and high berber-
ine blood concentration. Thus, better hepatoprotective and pharmacokinetics effects were observed for
the nano form in comparison to unprocessed form.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

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

Prevalence of liver disorders throughout the world is very com-
mon, irrespective of patient’s age, gender or racial background.
Certain pathological conditions result in liver cirrhosis in which
fibrosis and architectural damage occurs, affecting the liver physi-
ology characterized by various clinical symptoms and complica-
tions (Bedogni et al., 2005; Williams et al., 2011; Younossi et al.,
2016). In the current drug market, a wide variety of allopathic for-
mulations as well as herbal medicines are available for the treat-
ment of liver diseases (Janbaz and Gilani, 2000). However, the
allopathic medicines used in the treatment and management of
liver diseases are not suitable due to their side effects (Gurusamy
et al., 2019). Herbal medicines, on the other hand, produce better
results and have less side effects as compared to the modern
allopathic drugs (Dixit et al., 2007). Due to this reason, herbal
medicines have attracted the attention of clinicians. One of the
important medicines used for the treatment of liver diseases is ber-
berine. Berberine commonly known as ‘‘Daru haldi”, is an isoquino-
line alkaloid, extracted from the stem-bark and roots of a plant
called Berberis aristata (family Berberidaceae) (Janbaz and Gilani,
2000). Berberine is an important drug of the Ayurveda and tradi-
tional Chinese medicine (Taylor et al., 1999) that is used exten-
sively in the treatment of various diseases like hypertension (Pan
et al., 2003), inflammatory conditions (Küpeli et al., 2002;
Yes�ilada and Küpeli, 2002), as antimicrobial (Birdsall and Kelly,
1997; Hayashi et al., 2007; Sahibzada et al., 2018) and also as
hepato-protective agent (Teodoro et al., 2013). Problem with the
berberine is its poor water-solubility, which results in poor disso-
lution rate and oral bioavailability (Cheng et al., 2010; Hua et al.,
2007; Mullauer et al., 2011; Wang et al., 2000; Zuo et al., 2006;
Arasu et al., 2017; Arasu et al., 2019). Many efforts have been made
to enhance the bioavailability of berberine including complexation
of the drug with different excipients like cyclodextrin for example
and preparation of solid dispersions (Arcari et al., 1992; Barzaghi
et al., 1990; Chen et al., 2005; Morazzoni et al., 1992; Valsalam
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Table 1
Group allocation for the hepatoprotective study.

Groups Drug Administered

1 Negative Control
2 Toxic Control; CCl4(2 mL/kg, Intraperitonially, in Olive Oil)
3 Positive Control; Silymarin (Orally)
4 BB-160 (Orally)
5 BB-APSP-40 (Orally)
6 BB-APSP-80 (Orally)

BB = Berberine, BB-APSP = Berberine nanoparticles prepared by antisolvent method.
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et al., 2019). With the development of nanotechnology, attempts
have been made to manipulate the bioavailability of berberine by
reducing its particle size thereby improving its surface area
(Javed et al., 2011; Sahibzada et al., 2020).

An attempt was successfully made to improve the limited solu-
bility and hence bioavailability of berberine by reducing the parti-
cle size to nano range, presented in the paper published by
Sahibzada et al (2018). In connection to our previous study, the
antisolvent precipitation method was used to prepare berberine
nanoparticles using a syringe pump (APSP). This method involves
precipitation technique, which is simple, robust and the nanopar-
ticles attained have larger surface area and have adequate particle
size. The prepared nanoparticles were evaluated for their pharma-
cokinetics and hepatoprotective effects in in vivo studies in exper-
imental animals (rats and rabbits).
Fig. 1. Optimization of Particle size and PDI results for APSP method; BB-APSP.

Fig. 2. Bioavailability studies.

Table 2
Pharmacokinetics parameters summary.

Material Pharmacokinetic parameter

Tmax(h) Cmax(mg/mL) AUC0-t (mg-h/mL)

BB 2.0 ± 0.21 0.411 ± 0.01 1.922 ± 0.16
BB-APSP 1.5 ± 0.28 1.633 ± 0.11 7.458 ± 0.18

n = 6 rabbits per sample, values are expressed as mean ± SD.
2. Material and methods

Berberine was acquired from PCSIR laboratories, Peshawar,
Khyber Pakhtunkhwa, Pakistan. Silymarin was purchased from
Sigma-Aldrich, St. Louis, USA. All other chemicals were obtained
from standard supplier. The chemicals used in the preparation of
slides in histopathology studies were prepared according to the
standard laboratory protocols (Prophet et al., 1992). Male Sprague
Dawley rats (150–200 g) were purchased from the National Insti-
tute of Health, Islamabad and used in hepatoprotective studies.
For bioavailability studies, healthy rabbits (2–3 kg) were acquired,
while the chromatography system used was Perkin Elmer Series
200 HPLC system. Prior to the analysis, the selected animals were
acclimatized for 7 days with free access to food and water ad libi-
tum. In-vivo experiments were performed according to ARRIVE
guidelines. The protocol laid down by the ethical committee of
the University of Malakand adopted in bye-Laws 2008 (Scientific
Procedure Issue-I) were also strictly followed.

2.1. Nanoparticles fabrication

APSP technique was utilized to fabricate nanoparticles from the
unprocessed berberine (Sahibzada et al., 2018). The drug solution
of the unprocessed berberine was injected to the stabilizer solu-
tion, keeping the rate and stirring speed constant. Water contain-
ing propylene glycol was used as antisolvent phase. Berberine
nanoparticles were obtained by evaporating the solvents through
rotary evaporator under vacuum.

A number of analytical tools were used to characterize the pre-
pared nanoparticles and to confirm the size reduction (Sahibzada
et al., 2018) where, surface morphology was assessed through
scanning electron microscopy while the compatibility of the
nanoparticles and solvents used in the preparation of nanoparticles
was assessed using Fourier transform infrared spectroscopy. Crys-
talline structure of the fabricated nanoparticle was confirmed
using X-ray diffraction and diffraction scanning calorimetry analy-
sis as described in our previously published article (Sahibzada
et al., 2018).

2.2. Bioavailability studies

About 12 healthy rabbits, divided into two groups were used in
this study. Animals were abstained from food for about 12 h while,
access was given to water. Unprocessed berberine was adminis-
tered to one group whereas the other group was administered with
berberine nanoparticles. About 50 mg/kg body weight of berberine
and prepared nanoparticles were administered orally to these
groups. Blood samples were taken at predetermined time after
the dose administration (0.0, 0.5, 1, 1.5, 2, 4, 6, 12 and 24 h). The
328
collected blood samples were centrifuged immediately at
3,000 rpm for 20 min to obtain plasma which was then stored in
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refrigerator. A method previously reported was used to analyze the
samples using HPLC (Hu et al., 2013).

2.3. Hepatoprotective studies

2.3.1. Animal groups
The experimental rats were divided into 6 groups as given in

Table 1 along with dosing details. To negative control group, saline
solution containing 0.5% carboxy methyl cellulose (CMC) was
administered. Carbon tetrachloride (CCl4) was used as toxicant that
normally causes liver damage and the group was designated as
toxic control. To positive control group, silymarin 200 mg/kg body
weight suspended in 1% CMC was given. To 4th group suspensions
of berberine at dose 160 mg/kg body weight as studied previously
(Feng et al., 2010) was given . To 5th and 6th groups berberine
nanoparticles at doses of 40 and 80 mg/kg body weight suspended
in saline, were administered orally by oral gavage tube for succes-
sive 21 days followed by a single 2 mL/kg body weight dose of CCl4
in olive oil was administered intraperitoneally on 21st day.

2.3.2. Biochemical investigations of the blood samples
From the experimental rats, blood sampling was made 24 h

after the CCl4 treatment. The samples were centrifuged at
3000 rpm for 15 min (K240R, Centurion scientific, UK), to separate
serum, which was kept refrigerated till further analysis. Alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and aspartate
aminotransferase (AST) levels were determined using standard
tool (GO F400 CH, Chema Diagnostica, Italy).

2.3.3. Liver histology assessment
During the histological assessment, liver from every animal was

removed and kept instantly in 10% neutral buffer; formalin for
48 h. Ethanol solutions (50, 70, 80, 90, and 100%) were used for
dehydration of the liver tissues followed by 100% xylene treatment,
Fig. 3. Effect of berberine and its nanoparticles on liver function test enzymes (Values rep
**P < 0.01, ***P < 0.001 compared to toxic control group. One-way ANOVA followed by po
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then permeated and fixed in paraffin wax. Tissue slides of 4 lm
were prepared using rotary microtome. Hematoxylin and eosin
(H&E) were used to stain the slides for the microscopic analysis.
2.4. Statistical analysis

One-way ANOVA followed by Tukey’s multiple comparison post
hoc test was used to determine the difference amongst the groups.
3. Results and discussion

The characterization of the fabricated nanoparticles as reported
previously by Sahibzada et al (2018). Parameters optimized for
nanoparticles preparation revealed that optimal PDI and particle
size for BB-APSP were attained at 3,000 rpm stirring speed, and
1:10 solvent-antisolvent ratio. The stabilizer solution used in this
study was 1.0% w/v propylene glycol. The optimized experimental
parameters yield BB-APSP nanoparticles having a particle size of
102.62 ± 2.8 nm having PDI 0.284 ± 0.03 whereas the zeta potential
recorded was �35.27 mV as can be seen in Fig. 1. The reduced par-
ticle size offer greater surface area which thus increase solubility,
dissolution and ultimately bioavailability (Sahibzada et al., 2018).
3.1. Bioavailability studies

In-vivo bioavailability study was carried out in rabbits to evalu-
ate the impact of size reduction on berberine bioavailability. Cer-
tain bioavailability parameters like Cmax, Tmax and area under
curve were evaluated for nanoparticles and compared with those
of unprocessed berberine. The results clearly indicates that BB-
APSP has enhanced bioavailability (Fig. 2) in comparison to that
of BB. The pharmacokinetic parameters of the BB-APSP were 3.97
and 3.88 folds higher than BB, as presented in Table 2.
resented as Mean ± SEM. ###P < 0.001 compared to negative control group, *P < 0.05,
st hoc Tukey’s multiple (n = 7 rats per group) comparison test).
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The subsequent increase in the bioavailability of BB-APSP upon
oral administration could be ascribed to quicker absorption of
nanoparticles when compared with BB same doses. Besides, the
enhanced bioavailability brought about by particle size reduction
they offer quicker cell membrane adhesion that help in saturation
of drug inside cells.

3.2. Hepatoprotective studies

3.2.1. Effect of berberine nanoparticles on serum ALT, AST and ALP
Berberine nanoparticles were evaluated for their effectiveness

as hepato-protectant in laboratory animals against the carbon
tetrachloride toxicity by assessing the liver function test enzymes
(LFT) levels and histopathological studies. Substantial changes in
AST [F(7,40) = 20.18, P < 0.0001], ALT [F(7,40) = 29.64,
P < 0.0001] and ALP [F(7,40) = 6.592, P < 0.0001] were observed
in the animals treated with BB, BB-APSP, silymarin and CCl4 respec-
tively as presented in Fig. 3. It was revealed in the post hoc test that
all LFT enzymes serum level was increased (P < 0.001) as a result of
treatment with CCl4 in comparison to the serum levels of the ani-
mals treated with control saline. The effects were further elevated
in the serum when pretreatment with the 40 and 80 mg/kg body
weight of BB-APSP was applied that restored high serum level of
ALT (P < 0.001), ALP (P < 0.01) and AST (P < 0.05). The silymarin
(200 mg/kg) and BB (160 mg/kg) also protected the animal against
the CCl4 toxicity.
Fig. 4. Histopathological evaluation of toxic liver damage by CCl4 pretreated with un
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3.2.2. Histopathological evaluation
The images in Fig. 4 of the liver samples reveals extensive hem-

orrhages and hepatic lobular necrosis. The central vein was hard to
envision which was collapsed due to the necrosis induced by CCl4
and was covered in the red blood cells, necrotic fragments and
mononuclear lymphocytes. The same was observed for the dilated
sinusoidal space and was difficult to visualize. Severe ballooning/
deterioration of both macro vesicular and micro vesicular steatosis,
were observed in the perivenular hepatocytes. Centrilobular
hepatocytes exhibited intense and broad coagulative necrosis
(Fig. 4B).

Fig. 4 shows the photomicrographs of a liver cross sections
from the animals included in the study. Photomicrograph 4A, rep-
resents the animals included in the negative control group (sal-
ine); here, the normal physiology of the central vein can be
seen with clear and defined margins, plates of hepatocytes and
sinusoidal spaces, both appear normal as well. Liver cross section
of the toxic control group is shown in photomicrograph 4B where
the central vein appears congested. Severe necrosis in the hepato-
cytes are visible and also steatosis as a result of lipid peroxidation
due to CCl4 (both macro vesicular and micro vesicular steatosis)
can be seen. The photomicrograph 4C represent the liver cross
section of animals included in the positive control group (sily-
marin 200 mg) where the normal liver histoarchitecture can be
observed due to the protection provided by the silymarin against
the CCl4 induced histopathological changes, although some mild
processed berberine and its nanoparticles. (H & E; x400 original magnification).
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histopathological changes are there. The photomicrograph 4D
represent the liver cross section of animals received BB,
160 mg/kg body weight dose plus CCl4, the liver histoarchitecture
appears normal although some micro vesicular steatosis can be
seen there. The photomicrograph 4E represent the liver cross sec-
tion of animals received BB-APSP 40 mg/kg body weight dose plus
CCl4, which shows that the liver has been preserved well by the
nanoparticles against the toxicity of CCl4 as the sinusoidal dilata-
tion and some micro vesicular steatosis can be seen. The pho-
tomicrograph 4F represent the liver cross section of animals
that received BB-APSP 80 mg/kg body weight dose plus CCl4
and it is observed that liver histoarchitecture is not much dis-
turbed and only micro-vesicular steatosis can be seen due to
CCl4; likewise, similar but profound effects are visible in the pho-
tomicrograph 4E.

It is suggested that the onset of hepatotoxicity resulted in the
loss of metabolic enzymes due to changes in the intracellular endo-
plasmic reticulum (Jain et al., 2008; Recknagel, 1983). The inges-
tion of CCL4 produce a toxic radical due to metabolism i.e.,
carbon trichloride (CCl3). CCl3 upon reaction with oxygen in the
presence of enzyme cytochrome P450 2E1 produces trichloro-
methyl per-oxy radical that causes per-oxidative degradation of
adipose tissue and lipid membranes after covalently binding to
the macromolecules. One of the important effects of berberine is
to reduce the serum levels of liver function test enzymes like
AST, ALP and AST which is an indication of plasma membrane sta-
bilization and thus recovery of damaged liver tissues (Thabrew
et al., 1987). Our studies show that the serum level of the men-
tioned enzymes were further reduced upon changing the particle
size of berberine to the nano scale.
4. Conclusion

Medicinal properties and benefits of berberine are diverse,
noteworthy, and established. It is commonly taken through the
oral route for treatment of hyperglycemia, hyperlipidemia hyper-
tension, and many other miscellaneous pathological conditions.
However, due to its limited solubility in an aqueous medium, the
therapeutic effect of berberine when taken orally could be suffi-
ciently compromised. In the view, nanoparticles of berberine were
synthesized to increase its solubility with subsequent increase in
efficacy of berberine. The berberine nanoparticles were effectively
synthesized through the APSP method. The unprocessed berberine
and the synthesized nanoparticles were assessed for their potential
effects on hematology, serum biochemistry, and liver histology.
The results revealed that reduction in size to nano range improve
and enhance pharmacokinetic parameters and also protection
against CCl4. Moreover, the nanoparticles have produced better
results on the liver function test enzymes and histopathology
clearly indicating the hepatoprotective properties of berberine.
The synthesized nanoparticles also exhibited an enhanced positive
effect on the hematology and serum biochemistry in the animal
model used.
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