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Background: Niclosamide (NIC) has been proposed as an interesting molecule for
repurposing for antiviral activity. This study examined the comparative pharmacokinetic
study of niclosamide by intranasal and intraperitoneal route in male Sprague-Dawley rats.
Material & Methods: The bioanalytical method was developed on Reverse Phase High
Performance Liquid Chromatography (RP-HPLC) for estimation of niclosamide in the
presence of ibuprofen as an internal standard. An isocratic elution of mobile phase of 20
mM phosphate buffer; pH 4.5: methanol (15: 85 % v/v) was maintained at flow rate of 1.1
mL/min and effluent was monitored by Photo Diode Array (PDA) detector at 254 nm.
Results: After a single 20 mg/kg intraperitoneal dose, the maximum concentration (Cmax)
of niclosamide was found to be 9031%0.003 ng /ml, maximum time to reach peack
concentration (tmax) Was 2 hr and half-life (t12) of was found to be 0.5584510.001 hours,
whereas after intranasal administration the Cp.x of niclosamide was found to be
610910.0026 ng /ml, t max was 5 hr and half-life (t1/2) was found to be 1.617186+0.0017 hr.
The plasma peak concentration of niclosamide after two hours was 6.8 pg after 2 hr of
intranasal administration and gradually decrease with time, whereas there were no
significant concentration of NIC detected in lungs by intraperitoneal administration. Two-
fold increase in area under curve (AUCO-t) and Mean residence time (MRT) with
diminished clearance after administration of niclosamide via intranasal route in lungs.
Conclusion: Relatively higher concentration of niclosamide was estimated in lungs via
intranasal while in plasma via intraperitoneal route of administration in rats. It is
imperative to elucidate the pharmacokinetic characteristics of niclosamide in human

subjects prior to its prospective application in individuals afflicted with SARS-CoV.

Keywords: Pharmacokinetics, Drug repurposing, Niclosamide, RP-HPLC, Intranasal Route of Administration,

Mean residence time

INTRODUCTION

Niclosamide (NIC), chemically denoted as 5-
chloro-N-(2-chloro-4-nitrophenyl)-2-
hydroxybenzamide (refer to Figure 1), is recognized
by the Food and Drug Administration (FDA) as an
anthelmintic medication and is classified as a critical
medicine by the World Health Otrganization
(WHO).! NIC has been used for the treatment of
tapeworm infection for many decades.? NIC has
been proven to be a powerful drug preference for
repurposing in the treatment of SARS-CoV-2 with
the aid of 7 vitro research with Vero E6 cells.? As of
this moment, there exists no empirical evidence
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evaluating the pharmacokinetics of NIC following
any mode of administration in a zoological model
aimed at the mitigation of SARS-CoV-2.
Nonetheless, there are currently 10 articles listed on
clinical trials investigating both oral and inhalational
formulations of NIC available at www.
clinicaltrials.org.

The literature review has highlichted a variety of
analytical methods for the quantitative analysis of
NIC in both bulk forms and complex preparations.
456 Research has uncovered numerous approaches
for measuring the concentration of NIC, whether it
is being analyzed by itself or in conjunction with
other active pharmaceutical ingredients (APIs). The

measurement of NIC in combination with
thiabendazole” and drotaverine hydrochloride?
using spectrophotometry, as well as
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spectrofluorometry,” has been documented. A
range of chromatographic techniques have also
been proposed, including high-performance liquid
chromatography (HPLC)o.1 and gas
chromatography (GC).1213 Additionally,
electrochemical methods for NIC quantification
have been described, utilizing square-wave
voltammetry'# and cyclic voltammetry at a glassy
carbon electrode.!>

As in step with the pronounced literature, no
reproducible RP HPLC method was found for
quantification of NIC, so it has evoke into an idea
to expand HPLC technique for quantitative analysis
and bioanalytical method of NIC from bulk. In case
of Covid, pneumonia, and lung fibrosis infection,
maximum concentration of drug need to be
available at targeted site ie. lungs. Therefore it is
imperative to develop a product to be administered
by inhalation for targeted drug delivery and to
determine pharmacokinetic and tissue distribution
of NIC and validate a quantification approach of
NIC in biological matrices. To accurately and
efficiently measure NIC levels, a rapid and precise
bioanalytical approach utilizing RP-HPLC was
established for the effective quantification of NIC.16
Once the method had been developed and verified
as consistent with the In accordance with industrial
guidelines for bioanalytical method.

It was used for the estimation of NIC in different

biological samples and compared the
pharmacokinetic data obtained between the
intraperitoneal and intranasal routes of
administration.
MATERIALS

High-quality Niclosamide (NIC) of pharmaceutical
ingredient grade was sourced from Sigma Aldrich,
while Ibuprofen (IBP) was kindly provided as a
processed sample by Zim Laboratory Ltd., located
in Nagpur, India. Methanol and water conforming
to HPLC specifications were procured from Merck
Chemicals, located in India. Additionally, analytical-
grade chemicals such as ammonia, orthophosphoric
acid, dimethyl sulfoxide (DMSO) and potassium
dihydrogen phosphate were secured from Loba
Chemie Pvt. Litd., based in Mumbai, India. Prior to
conducting the RP-HPLC for the purpose of
detecting NIC, the mobile phase was subjected to
filtration using a membrane filter with a pore size of
0.2 pm, which was obtained from Millipore,
Bedford, MA, USA.

Instruments

The analysis via chromatography was conducted
using a binary gradient RP-HPLC: (LC-20 AD
Shimadzu, Japan), equipped with a dual pump. Data
processing was performed using the HPLC Lab
solution software.
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Ultrasonic bath: Provided by Bio Technique India.
Refrigerated centrifuge: The REMI model CM 12
Plus, based in India.

Animals

In the context of bioanalytical, pharmacokinetic,
and tissue distribution studies, male Wistar rats of
sound health were employed. These rodents, with
an average mass of 200£50 grams, were maintained
in an environment regulated for temperature and
humidity, specifically at 2242 °C and 60% telative
humidity, respectively. In the week leading up to the
study, the rats were given standard lab chow and
water ad libitum. They were fasted overnight just
before the commencement of the experimental
procedures.

Development of the Bioanalytical Method
HPLC Equipment and Chromatographic Setup
The analytical procedure was established utilizing a
Shimadzu HPLC-2010 system, which includes a
photodiode array detector. The stationary phase
utilized was a Shimpack C18 column (dimensions:
250 X 4.6 mm, particle size: 5 pm). The
composition of the mobile phase consisted of
methanol and potassium dihydrogen phosphate
buffer in a volumetric ratio of 85:15, with the flow
rate precisely regulated at 1.1 ml/min. Prior to its
application, the mobile phase was filtered through a
0.2 um membrane filter. Analyte detection during
the elution process was performed at a wavelength
of 220 nm, employing an injection volume of 20 pl.
Modifications to the mobile phase, including
adjustments to its composition, pH, and flow rate,
were explored in  various chromatographic
experiments to optimize peak resolution.!”!8 The
internal standard (IS) and NIC exhibited retention
times of 6 min and 11 min, respectively. The peak
area for 5ug of NIC was recorded at 390,797, with
peak heights for IS and NIC observed at 2,091
mAU and 30,772 mAU, respectively. The tailing
factors for the internal standard (IS) and
niclosamide (NIC) were determined to be 0.98 and
1.018, respectively. Moreover, the number of
theoretical plates for IS and NIC was calculated to
be 15,308 and 106,478, respectively. Furthermore,
the Height Equivalent to a Theoretical Plate (HETP)
for IS and NIC was measured at 9.799 and 9.103,
according to USP standards.

Standard Solution Preparation

A precise quantity of 20 mg of NIC was weighed
and introduced into a 25 ml volumetric flask,
followed by dissolution in methanol up to the mark
of the flask. The solution underwent ultrasonication
for a duration of 10 min. A subsequent step
involved the transfer of a 2.5 ml portion of this
primary solution into a 10 mL volumetric flask,
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which was then filled to the marked volume with
methanol, resulting in a series of NIC working
solutions of varying concentrations, incorporating
an internal standard. These prepared solutions,
encompassing both stock and working variants,
were preserved at 4 °C in conditions devoid of light
exposure and were brought to room temperature
before usage.

Technique for Sample Extraction

Blood specimens were acquired via the retro-orbital
plexus of the rats and deposited into tubes designed
to inhibit coagulation (sourced from Himedia
Laboratories, Mumbai, India). Following collection,
the blood samples were subjected to centrifugation
at 12,000 rpm for a span of 10 min at a temperature
of 4°C, after which the plasma, forming the
supernatant layer, was meticulously extracted.!?20
For drug detection in lung tissue, the tissue was
excised, washed with 0.9% saline to remove any
adhering blood and debris, and then blotted dry.
Each organ was weighed accurately and then
homogenized in methanol, using three times the
organ's weight, to produce a methanol homogenate.
These homogenized samples, whether plasma or
tissue, were then stored at 2 °C in sealed vials until
further analysis, which involved a straightforward
protein precipitation process.?!

Single-step protein precipitation

Protein precipitation was achieved through a
straightforward method wherein 100 pl of rat
plasma or tissue homogenate was combined with 1
mL of methanol in a 2 ml Eppendorf tube. The
solution was subjected to vigorous agitation for 5
min, followed by centrifugation at 12,000 rpm for
10 min at 4 °C. The clarified supernatant obtained
post-centrifugation was then evaporated under
nitrogen gas. The dried residue was reconstituted in
1 ml of methanol, supplemented with an internal
standard, filtered through a 0.2 pm syringe filter,
and a 20 pl sample of this preparation was
subjected to analysis via high-performance liquid
chromatography.?223

Bioanalytical technique validation

Validation of the bioanalytical method was
conducted to confirm its reliability and consistency,
in compliance with the Bioanalytical Method
Validation Guidance provided by the U.S.
Department of Health and Human Services, Food
and Drug Administration, Center for Drug
Evaluation and Research (CDER), and Center for
Veterinary Medicine (CVM) in May 2018. The
validation process encompassed a comprehensive
evaluation of essential parameters including system
suitability, specificity, matrix effects, recovery
efficiency, linearity, precision, accuracy, robustness
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of the method, and stability of the analytes within
the biological matrix.2*

Precision and accuracy

The precision and accuracy of the analytical
methodology were determined by conducting intra-
and inter-day evaluations at three distinct
concentration levels: low quality control (LQC) at
2.5 ng, medium quality control (MQC) at 2500 ng,
and high quality control (HQC) at 4000 ng. The
sample was run in three replicates for intraday
precision and . Same concentrations were used for
interday precision and accuracy for three cosecutive
days 2520

Linearity assessment

A calibration curve was established by plotting the
ratio of NIC's area under the curve to that of the
internal ~ standard, Ibuprofen, against NIC's
concentration levels. The regression equations were
derived using the partial least squares regression
method. Linearity was assessed over NIC
concentration ranges of 2.5, 5, 10, 50, 100, 500,
1000, and 5000 ng/mL in specific tissue samples,
with Ibuprofen (IBP) serving as the internal
standard at a concentration of 1 pg/mL. The
quantification of the analyte relative to the internal
standard as a function of concentration was
determined through a weighted (1/x2) least squares
regression  analysis.?’?  The  coefficient of
determination (r?) served as an indicator of the
method's analytical efficacy, with a resultant value
of 0.9988. The percent relative standard deviation
(%0RSD) for each designated concentration level
was anticipated to be confined within +15%, with
the exception of the lower limit of quantification
(LLOQ), for which a permissible deviation of
+20% from the nominal concentration was
considered acceptable.??

Quantification Limits

The establishment of the lower limit of detection
(LLOD) and the lower limit of quantification
(LLOQ) was predicated on identifying the minimal
concentration at which the observed peak height of
the drug exceeded the baseline noise by factors of
at least three and ten, respectively.’® Assessment of
matrix effects and recovery efficiencies was
conducted at three distinct concentration
levels' | low, medium, and high as shown in table 2.
The effectiveness of the extraction methodology
was verified through the comparison of peak area
ratios obtained from the biological matrix, enriched
with quality control (QC) samples, before and
subsequent to centrifugation processes.3!
Robustness

The stability of the HPLC methodology was
evaluated by altering variables such as the
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composition of the mobile phase by 2%, the pH
of the mobile phase by *1, the flow rate by *£0.2
mlL/min, and the detection wavelength by 2 nm.
These modifications were made to assess the
method's reliability in producing consistent results
under slightly varied conditions.??

Specificity

To assess the specificity of the developed method,
chromatograms of a blank matrix were generated
and compared with those obtained from samples
containing NIC. This comparison aimed to ensure
that the method could accurately identify and
measure NIC without interference from other
substances.*?

System suitability test

Analytical device overall performance was evaluated
carlier and all through the evaluation by means of
system suitability tests, which were done to evaluate
the behavior of the chromatographic machine along
with the theoretical plate range (N) and tailing
factor (T). (Table 1)

Sample stability

The stability of samples was rigorously assessed by
analyzing three replicates at two analytical
concentration levels (low and high) across three
distinct  conditions:  retention  at  ambient
temperature for a duration of 24 hours, exposutre to
three freeze-thaw cycles, and maintenance at 4 °C
for a period of 10 days (refer to Table 3). This
evaluation was performed to ascertain the
preservation of sample integrity over time and
through varied storage scenarios.>

Pharmacokinetic Study

The  pharmacokinetic  assessment  involved
measuring NIC concentrations in both tissues and
plasma. Twelve Wistar rats were utilized for this
purpose, divided into two groups of six each.?%
One group received NIC intraperitoneally, while
the other was administered NIC intranasally, with
all administrations conducted on an empty stomach.
The study protocol received approval from the
Institutional Animal Ethics Committee [Approval
No.DBCO/IAEC/1426/20-21/P1], adhering to
CPCSEA  guidelines. The formulation for
intraperitoneal injection consisted of 10% dimethyl
sulfoxide, 30% polyethylene glycol, 20% 0.05 N
sodium hydroxide solution, and 40% saline. Blood
specimens (0.5 mL) were procured at time intervals
of 05, 1, 2, 3, 4, and 6 hours following
administration from the retro-orbital plexus
utilizing heparinized capillary tubes under ether
anesthesia. Subsequent to collection, plasma was
isolated via centrifugation and preserved at —20 °C
for further examination.36-37
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The plasma specimens were subjected to a singular
protein precipitation technique, reconstituted in 1
ml of methanol, filtered through a syringe filter,
and subjected to HPLC analysis at 220 nm.
Additionally, six rats from the second group were
euthanized using a ketamine and xylazine overdose
at 2, 4, and 6 hrs post-dose. Lung tissue samples
were similarly prepared, involving homogenization
and processing through a one-step protein
precipitation method, followed by liquid-liquid
extraction.’* These samples were then prepared in
1 ml of methanol with the internal standatrd,
filtered, and subjected to HPLC analysis at 220 nm.

Statistical analysis

Pharmacokinetic parameters were calculated using
PK  Solver software, employing a
compartmental analysis approach. Key parameters
evaluated included the peak plasma concentration
(Cinay), time to achieve peak concentration (tmas),
plasma concentration-time curve (AUC), mean
residence time (MRT), half-life (t1/2), and total area
under the curve (AUC) of NIC.

non-

RESULTS

Development of the Bioanalytical Technique
The bioanalytical method was developed for the
precise quantification of NIC concentrations in rat
plasma and tissue specimens. The optimized mobile
phase comprised potassium phosphate buffer (pH
3.5) and methanol, utilizing an isocratic elution
profile at a ratio of 15:85 and a flow rate of 1.1
ml/min. The elution times recorded for NIC and
the internal standard were 11.18%£0.0025 minutes
and 5.99140.023 minutes, respectively, as outlined in
Table 1 and figure 1. Detection of these
compounds was performed at a wavelength of 220
nm using a photodiode array (PDA) detector.

Assessment and Validation of the Assay

Before conducting cach analysis, the system's
suitability was assessed through parameters like
tailing factor, number of theoretical plates, height
equivalent to a theoretical plate (HETP), and
retention time, ensuring compliance with ICH
guidelines, as presented in Table 1.

The method's efficacy in NIC quantification
without any interfering matrix was confirmed by
evaluating peak purity and standard curve linearity
across a range of 2.515000 ng/mL (figure 2) for
both plasma and tissue samples. The calibration
curve for NIC, plotted with these concentrations, is
illustrated in figure 3.

NIC's extraction trecovety and the effect of the
tissue matrix at concentrations of 50, 500, and 5000
ng/ml.  were observed to be  between
91.120193.55%, 93.5511105.43%, and
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97.8401103.56%, respectively, indicating negligible
matrix interference in NIC quantification (Table 3).
The method's robustness was assessed by minor
adjustments to the mobile phase composition, with
observed variations in chromatographic parameters
staying below 2% relative standard deviation (Table
3).

Stability tests compared chromatograms from
stored solutions against those freshly prepared, over
petiods up to 10 days at 4 °C, through four freeze-
thaw cycles, and after 24 hr at room temperature
for both plasma and tissue samples. The variance
between stored (SS) and fresh (FS) samples was
found to be under 5% (Table 3).

Pharmacokinetic analysis

A comparative pharmacokinetic comparison was
conducted between NIC administered
intraperitoneally and intranasally, based on
established pharmacokinetic metrics such as area
under the curve (AUC), time to reach peak
concentration (tmay), mean residence time (MRT),
peak concentration (Cpay), half-life (ti/2), area under
the first moment curve (AUMC), steady-state
volume of distribution (Vss), and clearance (CL),
which are detailed in Table 4. The variation in
plasma NIC levels over time following both
intraperitoneal and intranasal administration is
depicted in figures 4, 5, and 6.

Post intraperitoneal injection, NIC levels were
traceable up to 8 hours, with the plasma
concentration curve revealing a tma at 2 hr, a Cpa
of 9031 ng/ml, and a ti2 of 0.55845 hrs.
Conversely, NIC administered intranasally showed
a tmax at 4 ht, a Cpax of 6109 ng/ml, and a ti2 of
1.617186 hr, highlighting notable differences in Cmax
and tmxx between the two administration routes.
Intranasal administration demonstrated a near
doubling in AUCO-t and MRT values alongside
reduced clearance, as outlined in Table 4, indicating
a significant decrease in NIC relative bioavailability
via the nasal route due to its accumulation in the
lungs. This suggests that nasal delivery could be a
viable method for targeting lung localization,
particularly for treatments targeting COVID
infections.

Further examination of lung tissues from rats after
intranasal NIC dosing revealed the presence of 6.8
ug of NIC in the lungs 2 hr post-administration, as
recorded in Table 5, underscoring the drug's
pulmonary deposition.

DISCUSSION

A bioanalytical technique was developed to evaluate
the comparative bioavailability of NIC through
intraperitoneal and nasal administration. The
chromatographic analysis ensured that the internal
standard (IS) and NIC were distinctly separated
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without overlap from any matrix components. The
calibration curve demonstrated a consistent linear
relationship for NIC concentrations ranging from
2.5 to 5 pg/ml in both plasma and tissue samples.
This method proved to be highly effective in
detecting NIC concentrations, making it suitable for
application in biological matrices. The drug
accumulation records of lungs tissue homogenates
with the aid of the nasal route in Table 5 shown a
relatively higher quantity of drug deposited in the
lungs, which showed that during cases of COVID
and other lung infections, nasal direction
management of NIC can be useful for targeted drug
delivery.

CONCLUSION

A suitable and robust bioanalytical technique has
been developed to evaluate the comparative
bioavailability of NIC through intraperitoneal and
nasal administration. From the above results it has
been concluded that nasal route is more efficient
route of administration as compare  to
intraperitoneal route of drug administration in case
of lungs infection treatment . In treatment of lungs
infection in pneumonia and COVID condition, the
nasal route can be used for localization of drug in
lungs.

Executive summary

e A bioanalytical method for NIC has been
developed.

e Method validation was done at different levels,
like linearity, robustness, system suitability, matrix
effect, and stability.

e Drugs are administered by two different routes:
intraperitoneal and intranasal.

e A comparative pharmacokinetic study has been
done by both the route

e Accumulation of drug in lungs was determined by
intranasal

e A significant amount of NIC found in the lungs
indicated that the nasal route of administration
can be used for further studies in the treatment of
the lungs.

Future perspective

e The process of bioanalytical method development
and validation can be used further for the
quantitative determination of NIC in different
biological samples.

e A comparative study of the intraperitoneal route
and the nasal route of administration provides a
path for studying different API used for lungs
infection.

e As this study has shown the deposition of NIC in
the lungs, this fact can be further used for
preparing different formulations like DPI to
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increase the concentration and effect of the drug
in the lungs.

e Patenting can also be done for novel formulations
of NIC in the form of nanosystems.

ABBREVIATIONS

HPLC  High Performance Liquid Chromato
graphy

18 Internal Standard

LOD Limit of Detection

RP Reverse Phase

QcC Quality Control

LQC Lower Quality Control

MQC  Medium Quality Control
HQC  Higher Quality Control

RSD Relative Standard Deviation
LLOQ Lower Limit of Quantification
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Figure 1: HPLC chromatogram of Niclosamide.

Figure 2: Overlay chromatogram
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Table 1: System Suitability Parameters for Resolution of NIC and IS (IBP).

Drug Retention time Height Area HETP Theoretical Tailing Factor
lates
IBP 5.995+ 2436+27. 25072+ 22579+ 664P3)i 18.34 1.074+0.018
0.021 48 0.055 0.031
NIC 11.182% 1317536 | 168642£0.062 11.039£ 13588+19.37 0.996+0.025
0.014 13 0.023
Table 2: Precision and Accuracy parameters for NIC.
Sr. No. Parameters Values
1 LLOQ 1.0 ng
2 LQC 2.5ng
3 MQC 2500 ng
4 HQC 4000 ng
5 ULOQ 5000 ng
Table 3: Bioanalytical method validation parametets.
Sr. No. Parameters Values
1 Extraction recovery 50 ng/ml - 91.12- 93.55 %
500 ng/ml - 93.55[1105 %
5000 ng/ml - 97.8411103.56%
(Deviation should be less than 15 %)
2 Percentage coefficient variation Interday precision - 1.07 to 6.90 %.
(% RSD) Intra-day precision - 1.99 to 6.21 %.
(Deviation should be less than 15 %)
3 Robustness Less than 2% relative standard deviation in all parameters (Deviation
should be less than 5 %)
4 Sample Stability The difference between the stability sample (SS) and fresh sample (FS)
10 days at 4 °C was found to be <5%.
4 freezel | thaw cycles (Deviation should be less than 15 %)
24 h at ambient temp.

Table 4: Pharmacokinetic data for NIC in plasma after intra peritoneal and nasal route of

administration.

Sr. No. Parameters Intra peritoneal route Intranasal route
1 Cmax (ng/ml) 9031%0.003 6109£0.0026
2 tmax (h) 2 4
3 t1/2 (h) 0.55845%0.0015 1.61718610.0017
4 MRT (h) 2.5630£0.0013 4.94104£0.011
5 AUC ¢ ¢ (ng/mDh 18462.75+28.57 21405.84£26.175
6 AUMC (ng/mDh 199 46845.881£121.03 118447.9% 116.26
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Cl (ng/ml)/min

| 0.0010827£0.00013

| 0.001043+0.00011 |

Table 5: Drug accumulation study in lungs by intranasal administration.

Sr. No. Time (Hr) Amount of drug (pg)
1 2 6.8
2 4 6.2
3 6 5.1
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