Biomedical & Pharmacology Journal, June 2024.

Vol. 17(2), p. 757-767

Astragalin Nanoparticles Ameliorates CCl4 -
Induced Liver Fibrosis in Rats

Nirmala Ganesan'*, N. Anandhabhairavi?, S. Arivarasan?,
V. Balamurugan® and T. Anitha*

Vels Institute of Science, Technology and Advanced Studies School
of Bioengineering, Chennai-600117, India.
2Department of Agricultural Entomology, School of Agriculture VELS Institute of Science,
Technology & Advanced Studies (VISTAS), Velan Nagar, Chennai-600 117, Tamil Nadu, India.
3Department of Agricultural Economics, Agricultural College and Research
Institute, Madurai-625 104, India.
*Department of Postharvest Technology Horticultural College and Research Institute,
Tamil Nadu Agricultural University, Periyakulam-625 104, India.
*Corresponding Author E-mail: gnnirmala.se@velsuniv.ac.in

https://dx.doi.org/10.13005/bpj/2902

(Received: 16 November 2023; accepted: 19 February 2024)

Liver plays a vital role in the elimination of xenobiotics that can induce hepatotoxicity
in living organisms. Polymeric nanoparticles have evolved recently as an alternative in various
industries and are used for their biomedical applications. Astragalin is a least studied flavonoid
that has been used in the traditional medicine of Southeast Asia for its healing properties.
Hence, in this study we used carbon tetrachloride as a hepatotoxin to induce liver damage.
The protective effects of astragalin loaded polymeric nanoparticles on hepatotoxin-induced
liver damage in experimental rats were assessed. The results of the assessment indicate that
astragalin nanoparticles were effective in protecting the liver from damages induced by carbon
tetrachloride. Astragalin nanoparticles formulation is not available in the market. Among
existing literature, this is the first ever approach for hepatoprotective effect of astragalin

nanoparticles studied.
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The liver performs a vital function in
metabolism and detoxing of compounds which
input the frame and can purpose hepatic injury,
main to life-threatening illnesses'. Therefore,
predominant toxicological issues related to
numerous illnesses were concentrated across the
consequences at the liver?. Usually, liver cells
are suffering from hepatotoxic retailers via the
induction of oxidative damage®. Drugs of each

artificial and herbal beginning are to be had for
remedy of liver illnesses*. Natural treatments have
lengthy been used for remedy of liver illnesses.
Based on this, protecting consequences of plant-
primarily based totally natural drug treatments in
opposition to drug-triggered toxicity have reached
paramount significance recently’. Astragalin
(kaempferol-3-O-glucoside) is a flavonoid this
is extracted from leaves of persimmon, Rosa
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agrestic, or inexperienced tea seeds. Numerous
preclinical research has proven that astragalin
has a huge variety of pharmacological activities,
together with antioxidative, anti-inflammatory,
and antitumor activities; astragalin can ameliorate
apoptosis consequences®’®. It changed into
even hypothesized that the antioxidative, anti-
inflammatory, and antiapoptotic consequences of
astragalin will also be concerned withinside the
prevention of Myocardial ischemia/reperfusion
(I/R) injury. In this have a look at, we aimed
to assess the hepatoprotective consequences
of astragalin. Carbon tetrachloride (CCl4) is
a xenobiotic launched into the water as waste
from numerous industries, thereby main to
hepatotoxicity while dwelling organisms are
uncovered to it’. It is regularly used to result in
liver issues in diverse fashions for the screening
of hepatoprotective retailers'®. In the research
that contain animal fashions, in particular people
who have a look at the consequences at the liver,
CCl4 changed into converted into different sorts
of unfastened radicals, main to lipid peroxidation.
This may also consequently bring about mobile
necrosis . Hence, on this have a look at, we used
CCl4 because the hepatotoxin to research the
consequences at the liver. Polymeric nanoparticles
were exploited for numerous healing functions due
to its residences which includes confined toxicity,
multiplied biodegradability, and bioavailability'*"3.
They are recognized to have interaction without
difficulty with organic structures due to their
small size'*. Synthesis of polymeric nanoparticles
were done the use of numerous strategies and
such nanoparticles were utilized in diverse
industries'’. Astragalin was recognized to own
hepatoprotective residences. However, there
aren’t any reviews on hepatoprotective interest
of Astragalin or its nano formulation. Taking this
as an initiative, we supposed to have a look at
the hepatoprotective interest of astragalin loaded
polymeric nanoparticles in CCl4 triggered rat
model.

MATERIAL AND METHODS

Chemicals

Astragalin, Poly lactic acid (PLA),
Dimethyl sulfoxide (DMSO) had been bought
from Sigma Aldrich, India. Swiss albino rats had

been bought from the Central animal residence
facility, Tamil Nadu Veterinary and Animal
Sciences University, Chennai, India. All animal
experimentation protocol became reviewed and
accepted with the aid of using the Institutional
Animal Ethics Committee, K.L.R Pharmacy
college, Paloncha India and Animal moral
committee approval variety 12/2019.
Formulation of Astragalin loaded polymeric
nanoparticles

The astragalin loaded nanoparticles had
been organized with the aid of using a dialysis
method. Astragalin (five mg) and PLA (50 mg) had
been dissolved in DMSO (1 mL) and introduced
dropwise to twenty-five mL of water beneath Neath
stirring. The combination became stirred for every
other 30 min at room temperature and dialyzed in
opposition to distilled water the usage of a 7 kDa
dialysis bag for twenty-four h. The unentrapped
astragalin became eliminated with the aid of using
filtration via a 0. forty-five %m clear out and
freeze-dried'®"".
Acute oral toxicity study

Acute toxicity research of astragalin
nanoparticle had been finished in lady rats with the
aid of using the usage of Organization for Economic
Co-operation and Development (OECD) tenet
425. Healthy nonpregnant younger lady Wistar
rats (200-250 gm) divided in corporations of six
animals every had been housed in polypropylene
cages in corporations of 5 for five days previous
to the experimentation. Standard pellet eating
regimen became given with water advert libitum.
An unmarried dose of one thousand mg/kg of
the astragalin nanoparticle became administered
to rats orally. The manage organization obtained
identical extent of water orally. Both the manage
and experimental rats had been determined often
for 1, 2, four and 24 hours. Mortality and symptoms
and symptoms of toxicity had been determined, and
the statement became endured for 15 days. Changes
in hair, skin, eyes, mucus membrane, meals and
water consumption, frame weight, behavioral and
respiration charge had been determined. At the very
last level of experiment, all of the animals had been
sacrificed'®.
Subacute toxicity testing

The animals had been divided into 3
corporations of six animals every. Group 1 served
as manage wherein water became administered
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orally. Group 2 and three had been administered
with astragalin nanoparticle on the doses of fifty
and one hundred mg/kg frame weight primarily
based totally at the LD50 (Lethal Dose) dose
received from acute toxicity study. The dosing
became endured for the subsequent 28 days upon
statement'?.

Clinical observations and frame weight

Morbidity and Mortality became
determined in all of the animals. Physical and
behavioural modifications had been examined. The
observations included alternate withinside the skin,
fur, eyes, mucus membranes, secretions, excretion,
and autonomic activity. Body weight of all animals
had been measured on day 0, 7, 14, 21, and 28.
Hematological parameters

The hematological exam that consists
of crimson blood cell (RBC), White blood cell
(WBC), Lymphocytes, Neutrophils, platelets and
hemoglobin (Hb) had been envisioned®.

Serum chemistry Glucose, cholesterol,
triglycerides, urea, creatinine, aspartate
aminotransferase (AST), alanine transaminase
(ALT), alkaline phosphate, general bilirubin,
protein, albumin, globulin, sodium, phosphorus,
calcium, chloride, blood urea nitrogen, and
cholinesterase had been envisioned the usage of a
trendy diagnostic kit*!-%.

Histopathology

The liver, kidney, spleen, brain, and
coronary heart of all animals had been dissected,
and their moist weight became recorded. For
histopathology examinations, tissues had been
processed into paraffin blocks; ultra-skinny
sections had been dewaxed and stained with
hematoxylin and eosin?’,

Pharmacokinetic studies

The have a look at changed into achieved
in organizations of six rats each. Group 1 acquired
astragalin answer containing 10 mg/kg orally.
Group 2 acquired astragalin nanoparticles equal to
ten mg/kg of drug and administered orally. 0.five
ml blood pattern changed into gathered at one-
of-a-kind time durations 0, 0.25, 0. five, 0.75, 1,
1. five, 2, 4, 6, 8, 12, and 24 h thru unfashionable
orbital puncture. The gathered plasma changed
into centrifuged for 10 min at 6000 rpm and
saved at -20A°C earlier than evaluation. Drug
tiers withinside the plasma samples changed into
evaluated through a HPLC method. The following

pharmacokinetic parameters region beneath Neath
the plasma concentration “time curve (AUC),
maximal concentration (Cmax) and the time for
maximal concentration (Tmax) have been decided
the usage of WinNonlin pharmacokinetic statistics
evaluation software®*!.
Evaluation of hepatoprotective activity

Carbon tetrachloride (CCl4) prompted
liver harm version become used withinside the
assessment of hepatoprotective hobby. Wistar
albino rats have been divided in to 4 corporations of
6 animals each. Group! acquired everyday saline (1
ml) every day for nine days and served as everyday
control. Group 2 acquired CCl4 (dissolved in three
instances its quantity of olive oil) at a dose of
0.7 ml/kg intraperitoneally on days three, 6, nine
and 12 serving as poisonous control. Group three
acquired astragalin drug solution (one hundred
mg/kg) orally every day for a length of weeks.
Group four acquired the equal dose of astragalin
nanoparticle orally every day for a length of weeks.
All the corporations acquired CCl4 at days 1, three,
6, nine and 12 of the observe besides everyday
control. The animals have been anaesthetized at
the ultimate day of the observe and blood become
accumulated through cardiac puncture. Plasma
become separated from the blood samples through
centrifugation at 3000 rpm for 15 min. Hepato-
defensive hobby become quantified through serum
glutamate oxaloacetate transaminase (SGOT) and
serum glutamate pyruvic trans-aminase (SGPT)
degrees withinside the plasma. Subsequently, their
livers have been subjected to histopathological
examination. First, the rats have been sacrificed on
the ultimate day of the observe, the liver become
separated cautiously and preserved in formalin
solution, and liver sections have been prepared.
The frame weight of the rats become additionally
be monitored*.
Myeloperoxidase (MPO) analysis

To degree the Myeloperoxidase (MPO)
interest, the tissue samples had been accumulated,
homogenized, and centrifuged to attain the
supernatant. The MPO interest changed into
measured via way of means of a MPO dedication
package in keeping with the manufacture’s
protocol®.
Cytokine analysis

The tissue samples had been homogenized
in phosphate-buffered saline (PBS) (1:9, w/v) and
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centrifuged at 2000 A—g for forty min at 4 A°C.
Then the supernatant changed into accumulated
and the expression of cytokine protein ranges
for TNF-ix, IL-11? and IL-6 in it changed into
decided via way of means of enzyme-related
immunosorbent assay (ELISA)*.

There was no abnormal behaviour during the first
30 min (after dosing) and periodically for first 24
h and daily thereafter for 14 days.
Sub-acute toxicity

All animals survived until the scheduled
necropsy in 28 days. Physical and behavioural
examination did not show any adverse effects in

RESULTS AND DISCUSSION any of the groups receiving 50 mg/kg and 100
mg/kg of astragalin nanoparticle. As compared to
Acute toxicity study control group, no significant changes were noted

In acute toxicity studies, oral LD50 of
astragalin nanoparticle in Wistar rats was reported
at 1000 mg/kg body weight. The day 14 observation
in acute oral toxicity study and weekly body weight
measurement did not show any toxic effects in rats.

on body weight gain. These results suggest that
administration of astragalin nanoparticle up to the
dose of 100/mg/kg/day to rats for 28 days has no
adverse effect on the clinical observations and body
weights.

Table 1. Effect of astragalin nanoparticle on hematological parameters of rat (sub-acute)

Parameters Unit Control 50mg/kg 100mg/kg
RBC 106/cm 6.92+0.78 7.36+0.76 7.72+0.24*
WBC 103/cm 8.12+1.22 9.56+0.22 9.04+0.28*
Lymphocytes % 72.942.10 86.2+1.20 79.242.2%
Neutrophils % 20.26+0.87 16.30+£2.10 19.8+2.8%*
Platelets 103/cm 798.6£15.2 812.2+22.24 891.2+21.07*
Hemoglobin g/dl 15.02+0.12 13.89+0.29 14.224+0.32*

All values are expressed as mean = SD (n = 6). The data were statistically analyzed by one-way
ANOVA followed by Dunnett test. *P < 0.05, statistically significant as compared to normal
control. RBC: Red blood cell, WBC: White blood cell, SD: Standard deviation.

Table 2. Effect of astragalin nanoparticle on serum biochemistry parameters of rats.

Parameters Unit Control 50mg/kg 100mg/kg

Glucose mg/dl 79.1+£3.7 83 +3.27 92.7 + 3.87*
Cholesterol mg/dl 82+1.34 80.3+3.03 92.3 £2.62*
Triglyceride mg/dl 542 +1.24 572+ 1.18 62.2+1.03
Urea mg/dl 32.8+2.01 3.8+2.16 40.2+0.08
Creatinine mg/dl 0.78 £0.26 0.71 +£0.02 0.74 £ 0.08
AST IU/L 122 +2.12 120+£2.24 129.9+3.12
ALT IU/L 454 +2.05 442 +1.29 47.04+£2.12
ALP IU/L 82.02+3.12 78.2£2.18 81.4+1.03
Total bilirubin mg/dl  0.24 +0.003 0.22 +0.004 0.30 £ 0.002
Protein g/dl 8.02 +£0.02 7.87 £0.06 8.29+0.12
Albumin g/dl 4.12+0.06 3.82+£0.02 4.00+0.08
Globulin g/dl 3.97+0.02 3.52+0.22 422+0.18
Blood urea nitrogen mg/dl  19.16 +£0.36 18.09 £0.62 18.58 £0.98

The values are expressed as mean = SD(n=6). The data were statistically analyzed by
one-way ANOVA. *P < (.05, statistically significant as compared to normal control. ALP:
Alkaline phosphate, ALT: Alanine transaminase, AST: Aspartate aminotransferase, BUN:
Blood urea nitrogen, SD: Standard deviation.
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Hematology

There was no adverse effect of astragalin
nanoparticle on hematological parameters in
rats. No significant differences were noted on
the hematological parameters when control and
treatment groups were compared (Table 1).
Serum chemistry

There was no treatment related biologically
significant adverse effects of astragalin nanoparticle
on serum chemistry of rats. There is a significant
decreased in mean values of glucose, cholesterol,
triglyceride in rats. All these variations were
marginal and within the normal laboratory ranges.
The results of serum chemistry analysis from the
test and control groups show that administration
of astragalin nanoparticle doses up to 100 mg/kg
to rats for 28 days did not cause toxicologically
significant adverse effects (Table 2).
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Pharmacokinetics

The method was used to investigate the
pharmacokinetics of astragalin solution and its
nano formulation after oral administration. The
pharmacokinetic profiles of the two substances
were represented in a one-compartment model.
The mean plasma concentration time-curve
was illustrated in Figure 1. As shown in Table
3, the AUC(0-24h) of astragalin nanoparticle
(2614.12+261.14 pg/L) was high among the two
processed substances, which indicated that it
possessed abundant plasma exposure. The AUC(0—
24h) and Cmax of astragalin solution was lower,
which demonstrated that absorption of astragalin
solution was low in vivo.
Hepatoprotective activity

Table 4 shows hepatoprotective activity
data. The administration of CCl4 to the animals

Table 3. Pharmacokinetic parameters of astragalin after oral administration (n=6,

mean +SD)
Parameter Units Astragalin solution Astragalin nanoparticle
Cmax pg/mL 84.86+13.23 151.24+11.89**
Tmax Hour 0.54+0.12 0.33+0.26**
AUCO0-24 pg/mL 938.75+275.77 2614.12+261.14**
MRTO0-24 Hour 18.0£10.2 20.86+8.6*
CL mL/kg 135.8448.64 78.94+6.82%*

The values are expressed as mean + SD (n=6). The data were statistically analyzed
by T test Note: * P <0.05, ** P <0.01 compared with the astragalin solution group
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Fig. 1. The mean plasma concentration vs. time profile of
astragalin following the oral administration in the rat model
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resulted in a marked increase in SGPT and astragalin nanoparticle and astragalin solution.
SGOT activities, indicating increased toxicity, =~ However, the astragalin nanoparticles completely
but this was mitigated in the animals treated with  reversed the elevated levels of SGOT and SGPT.

astragalin nanoparticles. The reduction in toxicity The photomicrographs in Figure 2 display
was statistically significant at p < 0.001 for both  the histological changes in the liver of the animal’s

Table 4. Effect of astragalin nano formulation on enzyme levels in rats with carbon tetrachloride (CCl4)

induced hepatotoxicity
Treatment Initial body Body weight SGPT SGOT
group weight (g) after 9 days (g) (U/L) (U/L)
Control 159+6 17543 10.6£1.8 29.942.2
CCl4 164+8 14449 72.7£2.6 89.4+1.9
Astragalin solution 168+5 176£4%%% 41.2+6.2%** 61.142.6%%*
Astragalin nanoparticle 169+3 180£2%+* 15.69+2.8%** 37.842.4%%*

The values are expressed as mean + SD(n=6). The data were statistically analyzed by one-way ANOVA.
***%P<0.001, **P<0.01, *P<0.05 statistically significant as compared to CCl4 group.

rat liver treated
with astragalin solution with astragalin nanoparticle

Fig. 2. The photomicrographs in Figure 2 display the histological changes in the rat liver tissues
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following administration of the astragalin-loaded
nanoparticles. The histological profile of the control
animals showed normal hepatic architecture with
distinct hepatic cells, well presented cytoplasm
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Fig. 3. Effects of astragalin on the myeloperoxidase

(MPO) activity in CCl4 induced rat tissues.
Each column shows the mean of triplicates mean +
SEM of three independent experiments, and differences
between mean values were assessed by Student’s t-test.
# p <0.01 significantly different from the control group,
*p < 0.05 and **p < 0.01 significantly different from
the CCl4 group
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Fig. 4B. Effects of astragalin on the production of IL-

14 in CCL4 induced rat tissues.
Each column shows the mean of triplicates mean +
SEM of three independent experiments, and differences
between mean values were assessed by Student’s t test.
#p <0.01 significantly different from the control group,
*p < 0.05 and **p < 0.01 significantly different from
the CCl4 group.
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sinusoidal spaces and central vein. However,
there was disorganization of normal cells with
intense centrilobular necrosis following CCl4
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Fig. 4A. Effects of astragalin on the production of

TNF-4 in CCl4 induced rat tissues.
Each column shows the mean of triplicates mean +
SEM of three independent experiments, and differences
between mean values were assessed by Student’s t test.
# p <0.01 significantly different from the control group,
*p < 0.05 and **p < 0.01 significantly different from
the CCl4 group.
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Fig. 4C. Effects of astragalin on the production of

IL-6 in CCl4 induced rat tissues.
Each column shows the mean of triplicates mean +
SEM of three independent experiments, and differences
between mean values were assessed by Student’s t test.
# p <0.01 significantly different from the control group,
*p < 0.05 and **p < 0.01 significantly different from
the CCl4 group
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intoxication. Moderate accumulation of fatty
lobules and cellular necrosis were observed in the
animals treated with astragalin solution. However,
the nanoparticle formulation exhibited strong
protection against CCl4 -induced liver damage, as
evidenced by the presence of normal hepatic cords,
well-defined cytoplasm and absence of necrosis.
Furthermore, the body weights of the rats which fell
significantly after CCl4 treatment were restored to
normal following administration of the astragalin
nanoparticles.

The histological profile of the control
animals showed normal hepatic architecture with
distinct hepatic cells, well presented cytoplasm
sinusoidal spaces and central vein (Figure- A).
Disorganization of normal cells with intense
centrilobular necrosis following CCl4 intoxication
(Figure- B). Moderate accumulation of fatty
lobules and cellular necrosis were observed in the
animals treated with astragalin solution (Figure-C).
Presence of normal hepatic cords, well-defined
cytoplasm and absence of necrosis observed in rats
treated with nano particle formulation (Figure- D).
The original microscopic magnification was 100X.
Effects of astragalin on MPO activity

The MPO activity, which is a biomarker
of neutrophil infiltration, was measured in this
study. The results showed that the MPO activity in
the rat tissue samples was significantly augmented
after CCl4 treatment compared with the control
group, and treatment with astragalin or astragalin
nanoparticles attenuated the MPO activity
obviously (Figure 3).

Effects of astragalin on inflammatory cytokines
release

TNF-4, IL-14, and IL-6 are the major
pro-inflammatory cytokines in the inflammatory
response. To measure the potential anti-
inflammatory effects of astragalin on CCl4 exposed
rat tissues, the levels of these three cytokines were
detected by ELISA. These results showed that
TNF-4,1L-14, and IL-6 levels in CCl4 treated group
was markedly increased compared to those in the
control group; while pre-treatment with astragalin
or astragalin nanoparticle inhibited the expression
of TNF-4, IL-14 and IL-6 compared to that in the
CCH4 treated group (Figure. 4A—C).

When comparing the astragalin nano
formulation’s pharmacokinetic properties, it
was found that the astragalin Tmax (0.54+0.12

h) increased with oral administration, whereas
the nanoparticle Tmax (0.33+0.26 h) decreased.
These results suggested that the compound’s
absorption was enhanced by the nanoparticles®.
Additionally, the astragalin nanoparticles’ Cmax,
AUCO0-24, MRT0-24, and CL significantly vary
(p<0.05) from the astragalin solution group,
indicating that astragalin absorption can be
enhanced in nanodrug delivery. It was shown that
astragalin’s plasma exposure increased following
the introduction of nanoparticles®. The current
study suggested that astragalin’s bioavailability
might be considerably raised via nanomedicine
delivery. This might be the result of astragalin’s
improved solubility due to nanoparticles®®.
Here, CCl4 was used to test the anti-fibrotic and
fibrolytic effects of remedial therapy containing
astragalin, either alone or in combination, in rats
with developed liver fibrosis. Additionally, we
examined the possibility of additive or improved
mechanistic effects of combining both treatments
on a panel of mediators that promote and inhibit
fibrogenesis®*S. There are numerous cellular
and molecular processes involved in hepatic
fibrogenesis. Stimulated Kupffer cells release
TGF-al after liver damage, which then triggers
HSC activation and the subsequent deposition
of extra ECM. Little is currently known about
the possibility that astragalin nanoparticles have
direct fibrolytic activity or hepatoprotective effect
against CCl4.Regarding this issue, every study
that has been conducted to date on the effects of
TQ began the treatment regimen either prior to or
concurrently with the induction of fibrogenesis;
none of these research examined the drug after liver
fibrosis had been established***. Hepatotoxicity is
still a major barrier to the successful treatment of
tuberculosis because it increases the likelihood of
noncompliance, which in turn leads to treatment
failure, a relapse, or the emergence of drug
resistance®’.

In summary, the measure of a drug’s
hepatoprotective impact is its ability to reduce
adverse events or maintain the liver’s normal
physiological characteristics following toxicity
induction®®*. When plant extracts are utilized
to create polymeric nanoparticles, there may
be synergistic effects as well as antioxidant
benefits**. Based on biochemical and histological
characteristics, the results show that astragalin-
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loaded polymeric nanoparticles were highly
protective against CCl4 intoxication. This explains
why astragalin is a highly valued option for a variety
of therapeutic uses, as well as protective effects
on the liver.*>*' In conclusion, we successfully
established a rat model of liver fibrosis induced
by CCl4. According to our research, astragalin
nanoparticles can reduce rat liver fibrosis. Further
large-scale research is necessary because the
previous study demonstrated that astragalin
nanoparticles have a hepatoprotective activity
against CCl4-induced liver damage. It is unlikely,
nonetheless, that the drug’s antifibrotic action’s
mechanism will be thoroughly investigated in
the near future. The study’s scope may also be
expanded to examine the mechanism of action
of astragalin in hepatoprotective activities and
other sports in order to introduce the astragalin
nanoparticle system into the market for human use.

CONCLUSION

Astragalin nanoparticles can lessen liver
fibrosis in rats. The gift has a look at confirmed
that astragalin nanoparticles own hepatoprotective
pastime towards CCl4-brought about liver toxicity,
which calls for in addition full-size studies.
However, it’s far doubtful whether or not the
mechanism in the back of the antifibrotic pastime
of the drug can be in addition studied substantially
withinside the future. The in-addition scope of
the studies paintings may be prolonged to have
a look at the Astragalin mechanism of motion in
hepatoprotective pastime and extra sports to release
the Astragalin nanoparticle system withinside the
marketplace for human use.
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