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ABSTRACT

This study was focused on preparation of AND-SLNs using solvent
evaporation method for liver targeting. Characterization of andrographolide
was accomplished by using various methods including spectral, chemical,
Recelved:28 Mar 2024 thermal and chromatographic principles. The prepared AND-SLNs were
Accspted : 20 Apr 2024 characterized using Zeta, PDI and transmission electron microscopy. The
drug-loaded AND-SLNs encapsulation efficiency and behaviour of in-vitro
drug release were studied using UV spectroscopy. The in-vitro release study of
AND-SLNs compare with the standard drug Silymarin. The release of active
moiety andrographolide from the solid lipid nanoparticles showed a biphasic
pattern, burst release initial pattern and secondly maintain sustained release.
Andrographolide was administered at 500 mg/kg by oral gavages to test its
protective effect on hepatic injury biochemically and histopathologically in the
blood/liver and liver respectively. In conclusion, andrographolide produced a
protective effect against CCls-induced liver damage. Our study suggests that
Andrographolide may be used as a hepato-protective agent against toxic
effects caused by CCl4 and other chemical agents in the liver.
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Introduction

Nanotechnology mainly deals with the Nanoparticle having a size of 1-100 nm in one
dimension used significantly concerning medicinal chemistry, atomic physics, and all other
known fields [1]. Since nanoparticles (NP) offer sustained-release action and therapeutic
targeting, drug delivery to hepatocytes via NP is particularly interesting [2]. One method for
selective medication delivery that shows promise is receptor-mediated drug targeting [3]. To
improve selectivity toward liver cells, an effective strategy is to design nano-sized carrier to
realize liver-targeted delivery [4]. Recently, nanoparticles have been proved to have the
advantages in drug delivery with low system toxicity [5-7]. Many nano-sized drug delivery
systems, such as natural and synthetic polymer nanoparticles, metal nanoparticles, and
polymer-drug conjugates, have been investigated for delivery of hepatostimulant and
hepatoprotective drugs [8]. The nano-vehicles basing on phosphoethanolamine-polyethylene
glycol polymers (PEG-PE) represent a promising nanoparticles delivery system owing to
biocompatibility, prolonged circulation, and accumulation in liver by the enhanced
permeability and retention (EPR) effect [9]. In the past decade, many efforts have been made
to prepare liver-targeting nano-carriers [10].

Andrographis paniculata (Burm. F) the herbaceous plant nees, which belongs to Acanthaceae
family, and frequently referred to as the "king of bitters."” Southeast Asia, India tropical and
subtropical Asia is its native regions. This plant is also known as "Kalmegh™ in our country
India, some different name in different country [11]. The plant’s extracts and andrographolide
shows various Pharmacological properties include immunostimulatory [12], antiviral [13],
and antibacterial actions [14]. Primary effective chemical ingredient, andrographolide has
shows a wide or broad spectrum biological actions, including various effects [15]. A.
paniculata contains andrographolide, a significant bioactive phytoconstituent, in a variety of
tissues, but especially leaves. The chemical name of andrographolide is 3a, 14, 15, 18-
tetrahydroxy-58, 96H, 10a-labda-8, 12-dien-16-oic acid y-lactone and its molecular formula
and weight are CxoH300s and 350.4 (C 68.54%, H 8.63%, and O 22.83%). These are the
numerous methods that have been utilized to investigate the structure of [16-20]. Active
moiety of andrographolide is freely soluble in various organic solvents, in comparison of
water. Over a three-month period, crystalline form of andrographolide was said to be
extremely stable [21]. Different types of liver ailments continue to be a critical health issue
and a leading cause of death. Modern medicine lacks effective hepatoprotective medications,
so controlling many liver problems using herbs and plants is essential [22]. There is a wide
variety of compounds that exhibit powerful hepatoprotective efficacy, according to a
substantial body of literature on hepatoprotective action of drugs from natural sources. A.
paniculata has been used for many years in Indian medical systems as a hepatoprotective and
hepatostimulant drug [23]. Moreover, andrographolide commonly used in various polyherbal
hepatoprotective formulations [24]. it has been shown to be better effective in hepatitis B
treatment [25]. According to literature review, andrographolide was reduces the liver
problems associated with various drugs and chemicals [26]. It was find out that active
compound andrographolide shows a more powerful in comparison of standard drug silymarin
against the paracetamol induced hepatic disorders. Silymarin and andrographolide was shows
similar effect against the treatment of ethanol-induced hepatotoxicity [27]. Single dose of
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andrographolide and extract of andrographolide is more effective against the CCls induced
toxicity and andrographolide have been investigated in context of hepatic microsomal lipid
peroxidation caused by carbon tetrachloride (CCls) [28]. A. paniculata extract demonstrated
hepatoprotective properties in line with its traditional uses and pharmacology [29].

Liver is a largest and critical organ that plays an important role in the conjugation and
detoxification of numerous medications [30]. Xenobiotics and infections tend to compromise
its activity. Excessive exposure to xenobiotics can cause cirrhosis or cancer if not treated.
Currently, millions of people suffer from liver impairment caused by alcohol, drugs, and
diseases. Both Acute and chronic types of liver disorders remain a significant global health
concern [31]. Drug paracetamol [32], carbon tetrachloride (CCls) [33], nitrosamines, and
polycyclic aromatic hydrocarbons and some other types of chemicals cause severe liver
damage. Now newer and safer hepatoprotective medicines are needed to replace present ones.
Modern medicine has limited alternatives due to their instability and inefficiency [34]. Recent
research indicates that exposure to liver-toxic substances, ionizing radiations, environmental
contaminants, and drugs might result in the formation of oxygen-free radicals like superoxide
anion radical (2°) and hydroxyl radical (OH"), leading to hepatotoxicity [35]. CCls is a
popular chemical solvent in manufacturing industry. This hepatotoxin is the most extensively
studied animal model of xenobiotic-induced free radical-mediated hepatotoxicity [36]. CClas
produces liver damage through many routes [37]. CCls is considered to cause hepatotoxicity
by enhanced lipid peroxidation caused by free radical production [38]. CCls also activates
immune systems by bringing inflammatory cells to the site of harm. Immune cells may emit
pro-inflammatory cytokines including TNF-a and IL-6, leading to increased hepatotoxicity
through recurrent inflammation.

Material and Method

Drug and Chemical

The drug andrographolide was purchased from Ambe NS Agro Product (with a purity >
98%). Stearic acid and Pluronic were obtained from Sigma-Aldrich, India, a well-known
distributor of analytical-grade chemicals and laboratory supplies. Sigma-Aldrich is
recognized for its stringent quality control measures and adherence to international standards,
ensuring the reliability and purity of the chemicals procured for research and experimentation
purposes. All other chemicals and solvents used in the experimental work were of analytical
grade.

Animal

After animal ethical approval 1204/PO/Re/S/08/CPCSEA/23-03 in this study male Wistar
albino rats weighing about 200-250g (10-12 weeks old) were used. Experimental specimens
were obtained from the Animal Ethics committee, Kharvel Subharti College of Pharmacy,
Swami Vivekanand Subharti University. They were kept in perfect laboratory settings with
12-hour light/dark cycle, 45-55% RH and 23-25°C temperature. During the entire
experiment, they were fed a regular pellet diet and had access to water at all time. Every
experiment was conducted in compliance with the standards set forth by Swami Vivekanand
Subharti University's animal care and use committee.

Method preparation of Solid Lipid Nanoparticles

The solid lipid nanoparticles formulations were prepared by using the solvent evaporation
method. Two factors were selected (X1: lipid concentration and X2: surfactant concentration)
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and the effect on three responses (Y1:. Particle size, Y2: % PDI and Y3: entrapment
efficiency) was determined. Briefly, the organic phase was prepared by dissolving
andrographolide (100 mg) and stearic acid (100 to 200 mg) in 10 mL of methanol. The
organic phase was dispersed drop by drop in the 20 mL aqueous phase containing varying
concentration (75 to 150 mg) of Pluronic as surfactant. The emulsion was stirred at 10000
rpm. Finally, the temperature of the system was elevated to 75°C. The developed solid lipid
nanoparticles were separated by freeze-drying.

Melting Point Determination

Melting point of drug andrographolide was determined by melting point apparatus using
capillary method. A capillary tube was taken and its one end was sealed. The open end of the
capillary tube was filled with dry drug powder. Then the capillary tube was placed in the
melting point apparatus. The temperature at which sample powder starts to melt was noted
with the help of thermometer and compared with literature value or certificate of analysis of
drug. It was observed the melting point of andrographolide sample was found to be 235°C. It
is matched to the reported melting point of andrographolide.

FTIR spectroscopy

Fourier transforms infrared absorption spectrum of the drug was determined. The drug
sample (10mg) should be grounded and reduced the particle size. Otherwise, large particle
scatter the infrared beam and affect the slope baseline of spectrum [39]. Add the powder
uniformly to the 7mm collar. Put the die together with the powder in to the quick handy
press. Place the collar jointly with the pellet in to the sample holder. Place the drug in the
sample holder of FTIR instrumentation (Bruker model Alpha). The spectrum was recorded
using the software IR solution in the range of 400- 4000 cm™.

Differential Scanning Calorimetry (DSC)

Thermal analysis of the procured sample was determined with the help of differential
scanning calorimetry (DSC) instrument model make Perkin Elmer. The (20mg) drug sample
was weighed and transferred to DSC pan and crippled using hydraulic press. The sample pan
was placed in the DSC sample holder port and instrument allowed to run through computer
operated software (Pyris-6 Version 4.0) in the temperature range 10°C/min from (30°C to
400°C) during the measurement, and the sample cell was continuously purged with nitrogen
at a flow rate of 10 ml/min heating rate [40].

Spectrophotometry

UV spectrum of drug sample was measured using UV-Spectrophotometer (Shimadzu Model
No. FTIR8100). Sample (10 mg) was weighed and transferred to 100 ml volumetric flask and
diluted with methanol suitably. Then stock solution was diluted to 10 times and UV spectrum
was scanned in the range of 200-400nm. UV spectrum of the procured sample of
andrographolide showed a maximum absorption at maximum 236 nm which is identical with
reported value in certificate of analysis [41].

Analytical Methodology (Spectrophotometric method)

Accurately weight the quantity (10.0mg) of drug sample on analytical balance (Shimadzu
Model No. AY220), and was dissolved in 10 ml methanol taken in amber color volumetric
flask covered with black paper. It was marked as the primary stock solution of drug having
concentration (1000 pg/ml). 1.0 ml of this primary stock solution was taken in another
volumetric container diluted to 10.0 ml with methanol to obtain conc. of 100 pg/ml solution.
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This solution taken in volumetric container was previously wrapped in black paper sheet. It
was denoted as secondary stock solution. Further, ten different aliquots from secondary stock
solution was taken in different test tubes (measuring 1, 2, 3, 4 & 5ml) and diluted with
methanol to get the concentration of 1, 2, 3, 4, 5ug/ml). The absorbance of resulting
solutions was measured at A max 236 nm by using UV- Vis spectrophotometer
instrumentation Shimadzu Model No. FTIR8100 keeping methanol solution used as a blank.
The entire procedure was repeated thrice. A graph was plotted between absorption vs.
concentration value of resulting solution in excel sheet of MS Excel software and statistical
parameters were determined as correlation coefficient and regression line [42].

Table 1: Calibration curve of andrographolide in methanol

S. No. Concentration (ng/ml) Absorbance (nm)
1 1.00 0.036 + 0.004
2 2.00 0.0848 = 0.006
3 3.00 0.1278 = 0.007
4 4.00 0.184 + 0.006
5 5.00 0.2402 = 0.009

Particle size, polydispersity index and zeta potential

Zetasizer (Zetasizer 3000 HAS, Malvern Instruments Ltd, Worcestershire, UK) was used to
measure the developed nanoparticles' particle size, polydispersity index, and zeta potential.
Particle size and PDI measurements were made using polystyrene cuvettes containing filtered
deionized water, which were then diluted and examined at a fixed 90-degree angle. Using a
laser-based multiple angle particle electrophoresis analyzer, the zeta potential of the
nanoparticles was evaluated. The nanoparticles were dispersed in distilled water (pH 6.8) and
then put the sample in an electrophoretic cell with an electric field of 15.24 VV/cm [43].
Surface morphology

The morphology of solid lipid nanoparticles was observed using transmission electron
microscopy (JEM-2010 HR, JEOL, Japan). On a copper grid, a single drop of the
nanoparticle suspension was stained for two minutes using a 2% phosphotungstic acid
solution. The grid was studied under an electron microscope after being let to dry at room
temperature.

Entrapment Efficiency
The andrographolide-loaded nanopaticles were extracted from suspension using 15 minutes
of ultracentrifugation at 50,000 rpm. A UV-Vis spectrophotometer (Shimadzu 1800, Tokyo,
Japan) was used to measure the amount of free andrographolide in the supernatant at a
wavelength of 236 nm [44]. Using the following formulas were used to determine the loading
capacity (LC) and encapsulation efficiency (EE) of the andrographolide nanoparticles:

EE (%) = (X-Y)/X x 100

LC (%) = (X-Y)/Z x 100
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Where: X means amount of total drug andrographolide, Y stand the total free amount of drug
andrographolide present in supernatant, and Z means weight of andrographolide
nanoparticles.

In-vitro release study

A solution of phosphate buffer saline (PBS) (pH 7.4) was used to assess the andrographolide
in vitro release profiles of the nanoparticles. The lyophilized nanoparticles of
andrographolide 10milligrams were distributed in 10ml of PBS (pH 7.4), and the particle
Next, suspension was put inside dialysis bag 12 000
MW threshold). Tied the bag was submerged in 100ml of PBS solution. The entire system
was shielded from light and kept at 37 £ 2°C with constant magnetic stirring at 100 rpm. 1mi
sample diffusion medium was collected at the proper time intervals and immediately replaced
with 1ml fresh PBS (pH 7.4). The released amount of andrographolide was determined by
using UV Spectrophotometer at 236 nm [45]

Result and Discussion

Preparation of AND-SLNs

The solid lipid nanoparticles were prepared by using the solvent evaporation method [46].
Two selected factors (X1: lipid concentration and X2: surfactant concentration) were shown
in (Table 2) Briefly, the organic phase was prepared by dissolving andrographolide (100 mg)
and stearic acid (100 to 200 mg) in 10 mL of methanol. The organic phase was dispersed
drop by drop in the 20 mL aqueous phase containing varying concentration (75 to 150 mg) of
Pluronic as surfactant. The emulsion was stirred at 10000 rpm. Finally, the temperature of the
system was elevated at temperature 75°C. The developed solid lipid nanoparticles were
separated by freeze-drying. The effect on three responses (Y1: Particle size, Y2: % PDI and
Y3: entrapment efficiency) was determined. The present drug loaded formulation was
selected on the basis of maximum drug entrapment efficiency of AND-SLNs was found to be

(Table 3)
Table 2: Preparation of SLNs by using different ratio of lipid and surfactant concentration
Run X1: Lipid concentration (mg) | X2: Surfactant concentration (mg)
1. 80.2893 112.5
2. 150 112.5
3. 200.711 1125

Characterization of Drug Sample and AND-Nanoparticles

In the preformulation studies of this research work, identity of the procured drug sample and
excipient employed in the development of nanoparticles system was established.
Characterization of andrographolide was accomplished by using various methods including
spectral, chemical, thermal and chromatographic principles.

Spectral, Chemical and Thermal Characterization

U.V. spectrum of drug sample was measured in methanol is given in Figure 1. It is revealed
from the spectrum that sample has Amax value at 236 nm which is almost identical to that of
spectrum reported in the literature [41]. To devise the analytical methodology of drug sample,
U.V. spectrum of drug sample in solvents were measured. In order to quantify the amount of
andrographolide in solutions, an analytical method was drawn on the basis of U.V.
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Spectrophotometric principles. Methods of drug estimation in different solvents and its Amax
values, r? values (=0.997), entire absorbance values etc. are given in the Table 1. Standard
curve/plot of andrographolide prepared in methanol is given in the Figure 2. All of these
methods follow Beer’s Lamberts law and demonstrated that drug absorbance follow linear
range of drug concentration (1-5ug/mL). Standard solutions of drug were also observed stable

at room temperature in bench top stability [42].
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Figure 1: Representation of UV spectrum of Andrographolide in methanol (sample)
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Figure 2: Standard curve of Andrographolide in methanol
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FTIR spectrum of drug sample and drug sample with excipient were given in the Figure (3 &
4 respectively) measured in the range of 400 to 4000 cm™. Interpretation of FTIR spectra of
sample showed that the vibration frequencies observed at 3500, 1900, and 2500 cm could be
due to functional groups viz. -OH, -NH>, and benzene ring in its chemical structure and
found to be almost identical to the reference spectrum of drug. There are no significantly
changes between the drug excipient spectra so drug and excipient both are compatible [39].
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Figure 3: FTIR spectrum of procured drug sample (Andrographolide)
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Figure 4: FTIR spectrum of drug (Andrographolide) + Excipient mixture
Differential scanning calorimeter (DSC) characterization of sample was carried out using
crippling pan method in the scanning range of 30 to 400°C. Result of DSC analysis is given
in the Figure 5 & 6 respectively. It indicates from the results that two thermal events were
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observed; one melting endothermic appeared at 105.231°C with AHt value 711.527 J/g while
second endothermic event observed at 316.266°C with AHt value 134.555 J/g revealed that
drug sample possesses different polymorph or impurities with high melting range may be
present [40]. Above results are confirmed by melting point determination carried out using
capillary tube method, indicated its melting point at 235°C. On the basis of above results, it
can be said that the procured of sample was Andrographolide.
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Figure 5: DSC thermo gram of Andrographolide
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Figure 6: DSC thermo gram of Andrographolide with calculation

Particle size, polydispersity index and zeta potential
Instrument Zetasizer was utilized to ascertain the mean particle size of AND-SLNs' and
polydispersity index also shown in (Table 3). The smallest PDI values indicate the
homogenous dispersion of all the formulations and narrow particle size distribution.
Actuality, the SLNs dispersion with PDI value between 0.03 and 0.06 can be classified as
mono-disperse, narrowly scattered between the range 0.1 and 0.2 and broadly distributed
between the range 0.25 and 0.5. Through electrostatic repulsion the zeta potential or surface
charge of nanoparticles can have a significant impact on the stability of the particles in
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suspension. The zeta potential of optimized formulation AND-SLNs was found to be
22.86Mv [43]. The potential difference between the dispersion medium and stationary fluid
layer affixed to the dispersed particle is known as zeta potential. Particle stability in
dispersion is contingent upon the equilibrium of repulsive and attraction forces between near
and other particles.

Table 3 Characterization of Andrographolide-loaded nanoparticles

S Formulation Particle polydispersity | % Entrapment Zeta
No. code size index efficiency Potential
1. F1 197.56 0.09 £ 0.01 76.61 -18.98
2. F2 238.01 0.11£0.06 91.96 -12.98
3. F3 301.65 0.09 £ 0.05 92.3 -22.86

Surface morphology
The prepared AND-SLNs formulation were characterized on the behalf of shape and surface
morphology of particles, particle size, PDI value, zeta potential, % of drug entrapment
efficiency, % of drug loading and in-vitro drug release in PBS (pH 7.4). The nanoparticles'
surface  morphology was examined using a transmission electron microscope.
The smoother surface of AND-SLNSs is demonstrated in (Figure 7).

200 nm EHT =15.00 kV Signal A = SE2

WD = 7.3mm Mag= 25.00KX

Figure 7: Transmission electron microscopy of andrographolide-loaded nanoparticles

Entrapment efficiency and in-vitro release

Using the ultracentrifugation instrument (Remi) at 20,000rpm for 30mins at 4°C, the
percentage of entrapped andrographolide drug in AND-SLNs was ascertained after the
nanoparticles were separated from the medium containing non-entrapped drug [44]. The
supernatant was diluted with PBS (pH 7.4) before the amount of free drug was measured at
235 nm using a UV-visible spectrophotometer (Shimadzu 18 000). Additionally, the
encapsulation efficiency of AND-SLNs was found to be 92.3%.

The in-vitro release profile of contained medication from AND-SLNs formulation was
investigated through dialysis membrane in PBS (pH 7.4). The rate of in-vitro drug release
from AND-SLNs formulation was found to be 59.2 (Figure 8). It is clear that an in-vitro drug
release research from AND-SLNs formulations demonstrated an initial burst release of drug,
which may have been caused by drug molecules adsorbed on the outer surface of
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nanoparticles' and then showed very slow released [45]. The increases the drug release profile
in case of AND-SLNs formulation as compared with pure extract formulation.
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Figure 8: % Cumulative AND-SLNs formulation released in phosphate buffered saline (pH
7.4) difference between AND-SLNs and Standard drug

Conclusion

The results indicated that encapsulation of andrographolide in solid lipid nanoparticles
improvement in the residence time as well as drug concentration in the targeted site like liver
which could be utilized to reducing the dosing frequency as well as the dose of the
formulation. Current study shows that andrographolide more potent drug against the CCls-
induced hepatic injury through a decrease in hepatic oxidative stress.

LIST OF ABBREVIATIONS
AND-SLN: Andrographolide Nanoparticles; bw: body weight; CCls: Carbon tetra chloride;
EE: Entrapment Efficiency; LC: Loading capacity.
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