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Chronic liver diseases (CLD) represent a major health burden
worldwide. According to WHO, approximately 75% of people use herbs to
treatCLD globally. The plants traditionally used by native healers to support
CLD have been the subject of extensive research in recent years. The
combination of herbal plants such as Swarnakshiri, Guduchi, Pipali, and
Haridra, Bhringraj was used asan Ayurvedic treatment of diseases. The study
aimed to formulate the selected plant extract's hard gelatin and soft chewable
capsules with the wet granulation method. The extraction of plant materials
was carried out by the Soxhlet extraction method using aqueous water—
alcohol media. A chromatographic study was performed to identify active
constituents which include Berberine, Tinosporoside, Piperine, Curcumin
and Wedelolactone respectively. The hard gelatin capsule was formulated by
a combination of Berberine, Tinosporoside, and Piperine, and the soft gelatin
capsule was formulated by a combination of Curcumin and Wedelolactone.
Capsules were evaluated. The batch F7 optimised was selected for
dissolution study for both formulations, weight variation, pH determination,
disintegration and dissolution test. Both types of capsules showed 50% of
drug release within 2h in buffer and HCI media. The stability study was
performed for the prepared formulations for 6 months and the results
obtained do not show any significant changes in the drug release profile two
formulations. The study's findings suggest that the prepared formulations
provide a long-term, safe, and permanent cure for liver disorders with better
patient compliance and no side effects.

INTRODUCTION
Chronic disease constitutes a fast-increasing burden to society. The World Health

Organization (WHO) estimates that 46% of global diseases and 59% of mortality are due to
chronic disease. The liver is an important vital organ in our body that performs a very
important role in regulating, maintaining, and conducting several physiological functions
such as metabolization of nutrients. As a result, it is frequently exposed to illnesses, which can
lead to a variety of clinical syndromes [Jevas C. et al.,2017].Healthcareprofessionals were
rarely able to offer a specific course of treatment due to the wide range of liver dysfunctions
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and the challenges in making an accurate diagnosis. Though significant progress has been
made in the last few decades in understanding how to treat chronic liver diseases, most
treatments still do not provide satisfactory results. There are more than 300 preparations in the
Indian system of medicine for the CLD. In India currently, more than 87 medicinal plants are
used in different combinations as herbal drugs for CLD [Vernetti LA. et al, 2016]. In the
pharmaceutical field soft gelatin capsules are increasingly being chosen for strategic reasons
(line extension), technological issues (high content uniformity of low-dose drugs), safety
aspects (reduced operator and environmental contamination with highly potent or cytotoxic
compounds) and consumer preference (easy to swallow) capsule are a trusted oral dosage
[Reich, G.,2004].Among all dosage forms, capsules are among the most widely used because
they are physically and chemically stable, simple to use, appealing, and simple to compound.
More than one drug can be included in each capsule to reduce the number of dosages forms
the patient must take. Modern dosage forms for medicinal use, such as hard gelatin capsules,
result from the increased focus on pharmacokinetics in drug development today. This has
greatly increased the variety of formulations that can use hard gelatin capsules as a
straightforward dosage form for oral drug delivery. Large-scale applications of highly
developed soft capsules are currently found in the pharmaceutical, chemical, food, and
cosmetic industries. This is due to the characteristics of soft gels, such as their appealing
aesthetic qualities and "swallowability," safety enclosure, precise contents, and appealing
appearance. This has made it possible for them to be used as an efficient delivery system for a
range of healthcare products, including hydrophobic drugs, low-melting-point drugs, and
easily oxidized drugs [Habiba I. Benza. et al, 2011].They can be easily customized to meet the
needs of specific patients regarding dosing ingredients, etc. This convenient container
enables consistent dosage, portability, and high consumer compliance. Alternative
formulations come as liquids, powders, or pastes and are more expensive [Soni Hardik. et al
,2010]. Due to filled by volume, computations are normalized using the fill volumes of the
capsule, which vary based on capsule size and powder density. The medicinal properties of
these plants are primarily due to the chemical molecules that aid in discovering new drugs.
Bhringraj offers protection against damaging chemicals that can harm the live [Ming Hong. et
al,2015] and contains some chemical elements with toxic-adapting properties that aid in the
regeneration of liver cells [Sarita Verma. et al | The clinical properties such aswhich include
analgesic, anti-inflammatory, anti-hepatotoxic, antioxidant immunomodulatory, and good
rejuvenating properties [Sp Thiagarajan. ef al, 2002] A variety of effects can be seen in the
stem of Guduchi (Willd), including bitterness, astringency, sweetness, thermogenic,
anodyne, anthelmintic, alternate, and —periodicity, antispasmodic, antipyretic, antiemetic,
digestive, carminative, appetizing, stomach, constipating, cardiotonic, depurative,
haematinic, expectorant. Since ancient times, it has been used to treat a number of ailments,
such as burning sensations, hyperdipsia, vomiting, fever, jaundice, chronic diarrhoea, cancer,
dysentery, bone fractures, pain, asthma, skin diseases, deadly bug bites, snake bites, and
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abnormalities in the eyes.
The acrid root and fruit of pipali are used to treat tumours, ascites, bronchitis, abdominal

discomfort, spleen disorders, and biliousness. They are also said to have stomachic, laxative,
anthelmintic, and carminative properties. The fruits and roots are both said to have a number
of medicinal advantages, including the treatment of cough, bronchitis, asthma, and other
respiratory condition. The initial objective of this study is to manufacture and evaluate hard
gelatin and soft chewable capsules containing plant extract.

MATERIALS AND METHODS.
1. Materials:

The herbal plants used in current studies were Swarnakshiri, Guduchi, Haridra,
Pipalai, and Bhringraj. The chemicals such as Jaggery from Nature Gruha Udyog,
Aurangabad, Capsule shell from ARS Pharmatech, Mumbai, Starch from Surya min chem,
Mumbai, MCC ph. 102 were from Glycerin Sigma Aldrich, Mumbai.

2.Methods:
2.1 Morphological and Pre-Formulation Study of Plants and Extract.
The morphological characteristics were performed which included odour, taste and colour
2.2.1 Extraction of Selected Plants
The extraction of the selected plantwas carried out by the Soxhlet extraction method

involved extracting the solvent and evaporating it [Souza TP de. ef a/, 2009].The chosen
plants were precisely weighed after being extracted separately. A thimble was used to keep
Swarnakshiri roots (SW)(100g), Guduchi plant (GP)(100gm), Haridra rhizomes(HR)(50g),
and Pipali dried fruit (PDF) (50g), Ethanol was chosen as the solvent for making an extract of
crushed Bhringraj (BHG) extraction. In a flask with a spherical bottom that was attached to
the heating metal, distilled water was employed as an extracting solvent. As the solvent
heated up, it began to evaporate and go through the device to the condenser. Condensate
dripped into the reservoir where the thimble is kept. When the solvent is reinserted into the
flask after going through the syphon, the cycle is resumed. The operation was run for 16 hours
for SW and GP, 7 hours for HR and PDF, and 10 hours for BHG respectively, to finish acycle.
Each extract was then dried, crushed and combined with a sequence of solvents, beginning
with 70% Methanol, then chloroform extract, and ultimately ethyl acetate.[P. Garg. et al,
2018 &N.D.Joshi. etal,2021]

2.2.2Pre-Formulation test of Plants and Extract.

The extractable amount and %yield are calculated using the formula. Determination
of Loss on Drying (LOD) was performed by, the powder of each plant was precisely weighed
Sgm and kept on a plate which was covered in tar, and dried in an oven which was preheated
between 100°C and 105°C. The LOD was measured by the amount of dried powder
consumed and calculated by using the formula. Using a typical simple glass electrode pH
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meter, various extracts of chosen plants were taken in 1 per cent w/v (1 gm: 100 ml) of water—
soluble parts was measured.
Yield %> Weight of dry extract obtained

x 100
The weight of the dry part of the plantused

LOD(%)> wt.ofasample before drying—wt. of a sample after drying
x 100

Wt. of a sample before drying a sample

For particle size analysis, extracts were poured into a graduated cylinder via a large funnel and
calculated the bulk density with the respective weight and volume of extract in a cylinder. The
tapped density was determined by placing a graduated cylinder containing a known mass of
extract and mechanical tapper apparatus, which was operated for a fixed number of taps until
the extract volume reached a minimum volume. The determination of solubility, water and
methanol extract value was calculated by using the formula, the air-dried plants were weighed
at 5 gm and mixed with alcohol, chloroform and water in 100 ml of two different flasks
respectively. The extract was immediately weighed after drying at 105°C for 6 hours and 30
minutes of cooling in a desiccator. The extractable amount was calculated using the formula:
Bulkdensity > Weightofextract

x 100
The volume of extract in the measuring cylinder
Tapped density> Weight of extract

The tapped volume of extract
Water Soluble Extractive (%) > Initial mass-mass of water-soluble extraction residue
x100

Initial mass
2.3UVSpectroscopy Analysis of Extracted Plants
Accurately weighed 10 mg extracts of plants were dissolved in 100 ml distilled water, and 100
mlof 6.8pH phosphate buffer, methanol, and ethanol were taken separately in different
volumetric flasks to obtain a standard solution of 100 pl each. This solution was then scanned
in the range of 200400 nm against diluent as blank.[Jain PK. ef a/, 2016 &Thacharodi D. et
al,1995]

3. Drug-Drug Interaction

The components may be synergistic with each other and enhance the effect of each other.
They may be antagonistic to each other and counteract the effect of each other. The drug-drug
interaction study was determined by FTIR spectroscopy. The extracts were performed by
FTIR, placing the extract and physical mixture directly on the diamond sampling window and
then the sample press tip was lowered in such a way that it comes in contact with the sample
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placed on the diamond sampling cavity and spectra determined by FTHR spectrophotometer
(Agilent Technologies Cary 650 FTHR) in the 4000-650 cm™'. The same procedure was

followed for the comparison of an extract with granules [Kalaichelvi K. ef al/, 2017 &
Mahmoodi M. etal,2012].
4. Development of Granules.

Following the steps below, granules for Argemone Mexicana, Guduchi, and Piper
longum were prepared. For the preparation and evaluation of granules, three plant extracts
were granulated using the wet granulation technique. Using the procedure, 10% (w/w) of
MCC PH 102 served as a binder to create wet granules. A 12.5 w/v percentage of MCC PH
102 was used to weigh and granulate the Solid Dry Extract (SDE). After completely blending
the mixture until it reached the proper consistency for granulation, it was strained through a
sieve with a nominal aperture of 1 mm. The produced granules were screened, dried for two
hours in the oven circulating air at 25 °C, and then stored [Etchi RR. et al, 2014] The
evaluation of size distribution and flow properties of granules was performed by using a 425
m sieve, and the prepared granules were screened and divided into coarse and fine granules.
Further indirect methods were used to characterize the flow characteristics of the granules
designed for encapsulation, including bulk density measurements (Hausner ratio and Car's
index) and angle of repose (fixed height cone method)[Lira Soares LA. et al, 2005]
Determination of granules particle size is considered one of the important parameters for
getting the optimum efficacy of the therapeutic moiety. Particle size analysis was done to
obtain an equivalent diameter to interpret the size of granules. Granules were passed through
different sieves mesh # 40 and 60. The angle of repose was analyzed by the flow properties of
powders, pellets, or granules, and the angle of repose was used. Pour the powder or granules
into a conical heap on a level, flat surface, and measure the included angle with the horizontal
to determine the angle of repose, bulk and tapped density were calculated by formula [Soni
Hardik. et al, 2010].

tan (0)=h/r
Were, h>height of the heap, r> Radius of the heap
5. Formulation of Hard Gelatin and Soft Chewable Capsule
The prepared granules were mixed in aratio of 1:0.5:0.1 and the aqueous extract was prepared
and dried.

A. For the formulation of Hard Gelatin Capsules

Argemone Mexicana, Guduchi, and Piper longum extract (150 mg), MCC pH 102 (170 mg),
starch (170 mg), and talc 10mg were combined in granules to create 300 capsules, each with a
nominal weight of 500 mg (10 mg). The plant extract and MCC pH 102 were thoroughly
combined to prepare a homogenous paste that was dried at 60 °C in a hot air oven and filtered
through an 850 m sieve before starch was added. For each formulation, the produced dry
extract-absorbent granules were placed into size 1 hard gelatin capsule shells that had been
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manually filled with talc (Model TMP Mini T-50)[J. C. Byeon. et a,2019]

B. For the formulation of Soft Chewable Capsules

Curcuma longa (CCL) and Eclipta alba (EA) were mixed with jaggery formulated. Capsules
100 each with a nominal weight of CCL and EA were prepared with jaggery (14000), MCC
pH 102 (150 mg), and glycerin. These capsules were filled by using a silicon mould. Among
all batches of formulation, the F7 batch was found to have a good appearance, it was selected
for further studies. After evaluation, the soft chew was evaluated for physical appearance,
weight, and colour [P. Shivanand. et a/, 2009]

Table 1: Formula for preparation of Hard Gelatin and Soft Chewable capsule.

Ingredients Quantity per capsule (mg)

Hard Gelatine capsule

1. Dried Extract of 150 150 150 150 150 150 150 150
Argemone Mexicana+
Guduchi + Piper
longum
2. MCC pH 102 (Diluent) 170 140 200 150 119 100 260 60
3. Starch (Diluent) 170 200 140 190 150 260 100 300
4. Talc (Lubricant) 10 10 10 10 10 10 10 10
Soft chewable capsule
5. Curcuma longa 60 60 60 60 60 60 60 60
6. Eclipta alba 30 30 30 30 30 30 30 30
7. MCC pH 102 190 200 90 300 240 150 195 280
8. Jaggery 1400 1400 1400 1400 1400 1400 1400 14000
0 0 0 0 0 0 0
9. Glycerin (ml) Qs Qs Qs Qs Qs Qs Qs (ON]
3. Evaluation of Hard Gelatin and Soft Chewable Capsule

The developed capsule formulation was evaluated for various parameters. The weight
variation test which was performed for twenty herbal capsules, selected from the mixture
which was used to determine variable amount of powder in each herbal capsule. The % weight
variation was calculated by USP's (2010) Specification. The herbal capsule's weight must be
between 90% and 110% of the theoretically anticipated weight of each unit. Practical size,
flow property, Hausner's ratio, tapped density and bulk density were performed. In the
disintegration test, 6 herbal capsules were chosen from the formulation. During the
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experiment, the equipment was kept at a temperature of 37°C + 2°C The pill was put in each
tube before being suspended for 30 minutes in beakers containing simulated gastric fluid
(SGF, pH 1.2)[Khan MN.etal/, 2012]

In vitro-dissolution Test, for both batches of prepared capsules containing herbal
extracts are placed in two different solvents, with pH 6.8 phosphate buffer and 0.1 N HCl at
370.5°C, the USP dissolution test apparatus (Electro lab dissolution tester), which uses a
basket stirrer, was used. A 1 ml aliquot of the dissolving media was taken out using a pipette at
15, 30, 45, 60, 90, and 120 minutes [Mahmud S. ef a/,2013]The components were properly
diluted and subjected to their respective maximum levels of spectrophotometric analysis
(UV-1800, Shimadzu, Japan).

6.1 For the determination of moisture content

The storage temperatures were kept between 15 and 25 °C, and relative humidity
levels were preserved between 45 and 55%, to retain the moisture content of the capsules.
Maintaining this moisture level and preventing exposure to extremely high or low
temperatures are also very important. The capsules will become flaccid when exposed to high
humidity levels, and the excess moisture content may interact with an embedded material and
impact stability problems. Low humidity levels cause capsules to crack [Caliskan G.et
al,2016]For the Determination of pH, using an Elico LI 120 pH meter, the produced soft
chewable capsule formulation had its pH assessed. Estimates were made in triplicate. The pH
range for soft chewable formulas should be 2.5 to 7.5[European Pharmacopoeia,2021]
7.HPTLC Study of Formulated Capsules.

7.1 Selection of plate and adsorbent
The 10 x 10 cm percolated aluminium plates with Silica Gel 60F254 (E. Merck,

India) were used for the detection, and their thickness was 0.2 mm. The plates were pre—
washed with methanol and activated at 60°C for 5 min. before chromatography. Accurately
weighed into a separate iodine flask were 1 g of extract and an end product that was
comparable to 1 g of extract. Then, each flask received 50 ml of methanol and refluxed for an
hour. Cleanse the cure. The filtrate was then condensed into 1-2 cc. This approach was used
for HPTLC fingerprinting. use of the illustration One band of 6 mm was seen with different
extract and end product solution concentrations, namely 5 and 10 1. The "CAMAG
LINOMAT V," was used to apply a single band of 6 mm in width.

7.2 Development
In a CAMAG glass twin-through chamber (1010 cm) that had previously been

soaked in the solvent and maintained the temperature at 25.2 °C and 40% relative humidity,
the plate was developed for 60 minutes. The development distance was 8 cm. After that,
scanning was done. Chloroform: Methanol: Solvent system (9:1).
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7.3 Detection

The plate was scanned with the CAMAG TLC Scanner-3 and LINOMAT-V at UV
wavelengths of 366 nm and 254 nm. The peak area of each band and the Rf value of each
compound that was separated on a plate were noted for both raw materials and finished
commodities [Kalaichelvi K. etal, 2017]

8.Stability studies

Stability of the formulation was performed at accelerated conditionsas per [CH Q1A
standard (R2) standards. Optimized capsules were packed separately in suitable packaging
and kept in a stability compartment at 40 + 2 C and 75 % RH for 6 month [Bankoti K. et a/,
2012].

RESULTS AND DISCUSSIONS
1. Morphological and Pre-Formulation Study of Plants and Extract.
The Soxhlet Extraction Method was used to extract the chosen plant. Additionally, these

extracts were evaluated, with the results showed in the table 3. Based on the findings from the
above studies done on extracts, the values obtained from morphological parameters and the
extractive values were significantly lesser than they were for crude drugs.

Name of Swarnakshiri Haridra Pipali Bhringraj Guduchi
Study
Odour Characteristics ~ Characteristics Characteristics Aromatic Characteristics
Taste Bitter Astringent Pungent Bitter Sweet, Sore
Colour Brown Yellow Slightly brown White Green
%Yield 91.09 85.63 92.07 87.56 92.63
LOD% 5.03 22.05 3.12 3.27 2.69
pH 5.7 5.1 6.0 5.07 5.04
Bulk Density ~ 0.242 g/cm’ 0.238g/cm’ 0.361g/cm’ 0.252g/cm’ 0.233g/cm’
Tapped 0.244 g/cm’ 0236 gem® 0359 g/lem’  0.248 g/lem’  0.231 g/em’
Density
Solubility  Soluble in Soluble in Soluble in Insoluble in ~ Water soluble,
DMSO, ethyl alcohol .
methanol, . water, soluble organic
acetate, Insoluble in
Insoluble in  insoluble in in an organic
water
water
water solvent

Table 3: Morphological and pre-formulation study of Plants and Extract.
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The morphological study such as odour, taste and colour was performed .The %yield was
calculated .The pH indicated the extract of the plant is acidic which is similar to stomach ph.
The table3shows the results of LOD, Bulk Density, Tapped density and Solubility study
indicates the solubility of extracts in water, alcohol and organic solvent.

1. UV Spectroscopy Analysis of Extracted Plants
From the UV-Spectrometry study, it was found that the Swarnakshiri solution in ethyl acetate

exhibited maximum absorption at 226 nm. The maximum absorption of the haridra solution
in methanol was discovered to occur at 423 nm, pipali solution in alcohol was at 342nm.
bhringraj and guduchi were found to absorb the most in methanol and water, at 415 and 348
nm, respectively.

Table 4: Observed wavelength of the extracts by UV spectrometry.

Extracts Observed
wavelength(nm)
Swarnakshiri 226
Haridra 423
Pipali 342
Bhringraj 415

Guduchi 348
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Figure 1: UV spectrums of extracts.

The absorbance maxima of plant extracts were recorded. It exhibits the maximum absorbance
ofthe respective plant extract selected for further studies.

1. Drug-Drug interaction study

Two extracts were combined in dosage formulation. Drug-drug interaction study was

performed as a result of the potential for drug-drug interactions. In the current study, Haridra
and Bhringraj are combined to create soft gelatin capsules, and Swarnakshiri, Guduchi, and
Pipali are combined to formulate hard gelatin capsules. The FTIR spectrum of Curcumin
(CRM) and Wedelolactone (WDA) is shown in figure 2.
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Figure2: FTIR spectrum of Curcumin+ Wedelolactone mixture.
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Formulation and evaluation of herbal 11

The figure shows the FTIR spectrum of Tinosporoside in (TPD) and Berberine (BRB)
Piperine (PRN),all drug ranges are displayed in table 6.1t was found from the data collected
for the drug-drug interaction study that there was no drug-drug interaction.

Table 6: FTIR Peak Interpretation of drugs mixture.

Functional group Wayvelengths (nm) ‘
CRM + WDA BRB+PRN+TPD

C=0 3347 1637.3

C-H 2922.25 3312.71

C=C 1660.77 3289.71

C-H 1429.30 1417.34
CH;C-H - 2834.14

C-0, COOH, -COO- 1207.48 1530

C-0-C 1024.24 1232.4

N-H 3252.89

O-H 3429.78 3392.6

Table 7: Evaluation test for Hard Gelatin and Soft Chewable capsules.

Sample Average Disintegration Evaluation Parameters Granules
code  weight per Time
capsule
(mg)
F1 276.1 29.05 Particle size 356 um
F2 187.5 26.16 Flow Property Freely Flowing
F3 215.2 27.62 Hausner’s Ratio 1.11
F4 178.5 24.22 Angle of repose 24.58°
F5 234.6 20.12 Bulk Density 0.42gm/ml
Fo6 254.2 22.39 Tapped Density 0.46gm/ml
F7 167.1 19.08
F8 267.7 21.41

The in vitro release was performed using phosphate buffer pH 6.4 and 0.1 N HCL as a medium
for the optimised formulation. Batch F7 demonstrated satisfactory drug release rates of
76.14% in phosphate buffer and 62.08% in 0.1 N HCL after 120 minutes. Following a steady
drug release, the formulated capsule displayed the most favourable within 120 minutes.
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Figure3: Disintegration time of various batches of capsules.
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3.3 Determination of Moisture content:

To determine the moisture content of the capsule formulation, the three
capsules were stored at a temperature of 15 to 25 °C and a relative humidity of45 to 55
%. The result shows that the influence of factors like temperature and humidity on

capsule appearance and properties remained stable.

Parameters C1 C2 C3
Temperature (15-25)  No change No change No change
Relative humidity No change No change No change
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Figure 5.1: HPTLC fingerprint and chromatogram of the soft chewable capsule.
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When the formulation run in the mobile phase with an Rf value of 0.69 for curcumin and 0.56
for wedelolactone, respectively, petroleum ether, ethyl acetate, methanol, and water at a ratio
of (1.5:3:2.1:2) v/vrevealed two major active constituents.

1. Stability Studies
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Figure 6: In vitro Dissolution Study of hard gelatin capsules after stability study
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Figure6.1: In vitro Dissolution Study of chewable Capsules after stability study.

Figure6.1: Invitro Dissolution Study of chewable Capsules after stability study.
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After a six-month stability study, the in vitro dissolution study for the prepared capsule
formulation did not reveal any appreciable changes in the drug release (%).The above studies
indicate these herbal capsules are stable at room temperature for 6 months. This aims to
develop a method for maintaining the stability, safety, and quality of various herbal products.
Stability testing is important for determining factors such as a product's shelf life, optimal
storage conditions, retest period, and assuring its overall quality for the patient.

CONCLUSION

The health of humans is significantly influenced by medicinal plants. Today, several
medicinal plants are frequently used to treat various liver diseases (also known as
phytomedicines or herbal drugs). Some medicinal plants have the potential to be both
hepatogenic and hepatoprotective against hepatotoxicity brought on by a variety of
hepatotoxicants. Medicinal plants have diverse antioxidant, immunomodulatory, and
phagocytic activities, which may make them effective against diseases of the liver. The
tridosha principle is used by Ayurveda, according to conventional medical systems, to
understand diseases and balance. It will undoubtedly help them gain more popularity if
formulations are made more acceptable and significant scientific data about traditional
system medicines are produced. In the current study, hepatoprotective hard gelatin capsules
and soft chewable capsules with improved physicochemical characteristics, such as
dissolution and disintegration profiles, were successfully prepared using 5 different plant
extracts. According to the study's findings, the prepared formulations provide a long-term,
safe, and effective cure for liver disorders with better patient compliance.
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Oral health is extricably linked to general health and vice versa
therefore maintaining healthy mouth is of vital importance for a person.
Antibiotics play a very important role in preventing diseases of oral cavity but
many studies reveal that many of such oral microorganism tend to show
resistance towards common antibiotics. To overcome this, traditional
medicines have been considered as useful alternatives to synthetic drugs.
Now a day's trend is to use more of the Herbal products as cosmetics and the
same shift is seen in dental products such as mouth rinse and Tooth pastes. To
evaluate the efficiency of these extracts of medicinal plants, we conducted
the Antimicrobial Susceptibility test of the oral pathogens against herbal
extracts, and compared it with routinely used antibiotics.

Material and Method: The antibacterial activities on the bacteria
were studied by approaching two different ways of treatments: i) common
allopathic antibioticsii) herbal antibiotic extracts.

Two bacteria commonly found in the oral cavity of the patients were
chosen for antibiotic susceptibility tests — Streptococcus mutans and
Fusobacterium nucleatum

Four herbal extract —Aloe Vera, Triphala, Neem, and Shyama Tulsi
and four antibiotics —Ceftazidime, Gentamycin, Amikacin and Ciprofloxacin
were chosen for the study.

Kirby Bauer Disc Diffusion method was employed to check the
efficacy ofthe antibiotics and herbal extracts against the isolated pathogens.

Result: In our study, Aloe Vera, failed to indicate any positive
response when treated against pathogenic bacteria; Fusobacterium
nucleatum, and Streptococcusmutans. The herbal extracts of “Triphala”
succeeded to develop a satisfactory inhibition zone, compatibleto the
allopathic drugs. “Neem” was found to be highly potent antibiotic agent
against few bacteria; Steptrococcus mutans.

Discussion: The gradual increment in resistance against the
allopathic medicines and the adverse effects has compelled the dental
surgeons and other researchers to look for some novel herbal compounds
which could beused for effective treatment of oral diseases

Conclusion: The overall results on antimicrobial susceptibility tests
against every isolated oral pathogenic bacterium, showed that the overall
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performance of allopathic drugs were good as antibiotic agents to check the
bacterial growth. However, all the bacteria were found to resist the
antibacterial effects of other treated herbal extracts. “Neem” was found to be
highly potent antibiotic agent against few bacteria like Steptrococcus
mutans.

INTRODUCTION

The oral cavity harbours variety of microbes1. The factors which determine the oral
microflora include environmental factors like temperature, oxygen content, pH, nutrient
availability etc. Some host factors like host tissues and fluids, genetics, diet and microbial
factors like adherence, retention and co-aggregation, microbial intra— and interspecies
interactions, clonal heterogeneity, virulence mechanisms create a dynamic and complex
ecosystem that supports growth and multiplication of micro-organisml. Several studies
revealed that imbalance may render the host susceptible to infection.

It is well proven that most period on to pathogens are commensals in the oral cavity
and express their virulence only in a susceptible host or when changes occur in the oral
ecosystem2. To fight with oral pathogens there are many traditional systems of medicine to
overcome the pathogenic activities of oral microbes.The clinical efficacy of many existing
antibiotics is being threatened by rapid emergence of multidrug-resistant pathogens3. Thus
there is need for research into new analytical methods for standardization of phytomedicines.
Natural products, either as pure compounds or as formulated with measured constituents of
plant extracts, provide unlimited opportunities for emergence of new drug. Herbal drugs are
now a days very popular among users4. They are preferred mainly due to easy availability in
market, cheaper as compared to synthetic ones, having least side effects and toxicity. As per a
report of the World Health Organization (WHO —2014) 4 billion people i.e., the 80% of the
world population are presently using herbal medicine for some aspect of primary health care.

MATERIALS AND METHODS

The study was carried out following the proper guidelines framed by the ethical
committee of the Institute.

In the present study we selected two common oral pathogenic bacteria commonly
found in the oral cavity of infected person. Further, the antibacterial activities on the same
bacteria were studied by approaching two different ways of treatments:

1) Common allopathic antibiotics

i1) Herbal antibiotic extracts

Two bacteria commonly found in the oral cavity of the patients were chosen for antibiotic
susceptibility tests —Streptococcus mutans and Fusobacterium nucleatum

Four herbal extract —Aloe Vera, Triphala, Neem, and Shyama Tulsi and four antibiotics —
Ceftazidime, Gentamycin, Amikacin and Ciprofloxacin were chosen for the study.

Collection of Samples:

The oral samples were taken by rotating the sterile swab. The samples were collected in sterile
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Sml of Thioglycollate Broth and subjected for microbiological analysis.

Cultivation

Media used for the study were:

1) For Fusobacterium nucleatum —

a) Blood Agar + Neomycin (100 ug/ml) + Vancomycin (7.5 ug/ml)

b) Bile Esculin Agar

2) For Streptococcus mutans —

a) Blood Agar

b) Mitis Salivarius Agar

Incubation:

The inoculated plates were properly labelled and placed inside the MclIntosh Filde's Jar using
Gas pack which made the environment anaerobic.

Result:

1. Macroscopic (colonies) morphology—

a) Fusobacterium nucleatum —

i) It exhibited Grey coloured colony on Blood Agar supplemented with Neomycin and
Vancomycin.

b) Streptococcus mutans —

1) It developed white mucoid colony on Mitis Salivarius Agar media

ii) [t showed Alpha haemolysis on Blood Agar media

2. Microscopic morphology and staining characteristics:

Gram Reaction shown by various microflora

1. Streptococcus —Gram Positive Coccus, Small chains

2. Fusobacterium —-Gram Negative Bacillus, Single

3. Biochemical Reactions—

a) Fusobacterium: Indole positive, Bile positive, Gelatin positive, Esculin positive, Starch
negative.

b) Streptococcus: Catalase positive, Voges Prausker positive, Glucose positive, Mannitol
positive, Raffinose positive, Melbiose positive, Sorbitol positive, Sucrose positive, Lactose
positive, Maltose positive, Esculin positive.

ANTIMICROBIAL SENSITIVITY TESTING AGAINST ALLOPATHIC
MEDICINES:

An in vitro test of the effectiveness of selected antibacterial agents against test bacteria was
done by Antibiotic sensitivity tests using Kirby-Bauer Disc Diffusion method.

Media used:

For Antimicrobial sensitivity tests, Mueller Hinton Agar media was used.

Inoculum Preparation:

The inoculum density of bacterial isolate to be tested was standardized with 0.5McFarland
turbidity standards at 625 nm, for the bacterial suspension to have a final inoculum of 1 x 108
cfu/ml.
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Placing the Antibiotic Disc:

The Antibiotic Disc, that are commercially available were chosen having the antibiotics that
are commonly used by the Dentists and placed on the petriplates and incubated anaerobically
at370C for 24 hours.

Antibiotic used15-17:

1) CAZ—Ceftazidime—30 mcg

2) GEN —Gentamicin— 10 mcg

3)AK—Amikacin—30mcg

4) CIP-Ciprofloxacin—5 mcg

ANTIMICROBIAL SENSITIVITY TESTING AGAINST HERBAL EXTRACTS15-
22:

Herbal Products used:

1)Aloe Vera

2) Triphala

3) Neem

4) Tulsi

Preparation of Herbal Extracts:

1) ALOE VERA GEL: abbreviated as AV on the petriplates.

Fresh leaves of Aloe Vera were washed and their thick epidermis was removed, and thick
straw-coloured gel was collected in a sterile container and 100grams of the gel was mixed in
one liter of 2% dimethyl sulfoxide (DMSO) andkept at 400C, being used as a stock solution.
2) TRIPHALA: (Terminalia Chebula “Harad”, Terminalia Belerica “Vibhataki”,

Phyllantus Embelica “Aamla”) abbreviated as T on the petriplates. The Triphala Churna
commercially available under brand name of Baidyanath Triphala was used. 1:1 ratio of
Triphala powder was dissolved in distilled water. It was then filtered and used as stock
solution.

3) NEEM (Azadiracta indica), : abbreviated as NE on the petriplates.

The fresh leaves were plucked and washed with water and then cleaned with Phosphate
Buffer saline for 2-3 minutes. Further the same was crushed in Phosphate buffer saline in 1:1
w/v ratio. The suspension was filtered with help of muslin cloth and used as stock solution.

4) SHYAMA TULSI (Occimum sanctum L. Sym O. Tenniflorum) abbreviated as TU onthe
petriplates.

The fresh leaves were plucked and washed with water and then cleaned with Phosphate
Buffer saline for 2-3 minutes. Further the same was crushed in Phosphate buffer saline in 1:1
w/v ratio. The suspension was filtered with help of muslin cloth and used as stock solution.

Preparation of Discs of Herbal Extracts:

The filter paper was cut in 6mm diameter and were dipped in each herbal extract and
left overnight for soaking. Next day the discs were kept for drying on the hot plate for about 1—
2 hours. These discs were placed on the Mueller Hinton Agar Media inoculated with test
bacteria. The plates were subjected for incubation anaerobically inside McIntosh Jar at 370C
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for 24 hours.
RESULTS
Statistical Analysis:

Two way ANOVA were employed to verify the various drug effects against each
bacterium species and the overall results revealed statistically highly significant (p<0.001).
Interpretation of the result:-

The zones of inhibition around each of the antibiotic discs were measured tothe
nearest millimetre with the help of Antibiotic Zone Reader Scale, HiMedia. According to the
zone size measured in mm, the allopathic drugs and herbal extracts were graded as sensitive,
intermediate andresistant against the bacterial isolates.

Name | Fusobacterium nucleatum Average | Streptococcus mutans Average
of
Herbs

Disc 1 Disc 2 Disc3 Disc4 Disc5 Disc6 Disc7 Disc8 Disc9 Disc 10
Triphala | 7.8 mm | 7.2mm | 7.9mm | 8.0mm | 7.Imm | 7.6mm 77mm | &1mm | 7.7mm | 7.lmm | 7.9mm 7. 7Tmm
Neem 4.8mm 4.6mm | 4.7mm | 42mm | 45mm | 4.56mm 44mm | 4.Imm | 4.7mm | 4.5mm | 4.1lmm 4.36mm
Tulsi 24mm | 2.0lmm | 22mm | 22mm | 2.7mm | 2.32mm 1.9mm | 2.7mm | 24mm | 2.4mm | 2.2mm 2.32mm
Aloe 1.7mm 2.6mm | 24mm | 24mm | 22mm | 2.26mm 1.5Smm | 2.7mm | 2.6mm | 2.4mm | 2.2mm 2.28mm
Vera

Zones of inhibition values for Fusobacterium nucleatum and Streptococcus mutans

Name of | Fusobacterium nucleatum Average | Streptococcus mutans Average
Allopathic

Drug Disc1 | Disc 2 Disc3 | Disc4 | Disc5 Disc6 | Disc7 | Disc8 | Disc9 | Discl0
Ceftazidime 75mm | 8.8mm | & 1mm | 79 mm | 7.lmm | 7.8mm 74mm | 7.6mm | 7.6mm | 7.5mm | 7.3mm | 7.5mm
Gentamicin 58mm | 53mm | 55mm | 52mm |4.5mm | 526mm | 57mm | 52mm | 5.4mm | 54mm | 5.9mm | 5.52mm
Amikacin 55mm | 5.8mm 59mm | Smm 52mm | 548mm | 49mm | 55mm | 53mm | 5.6mm | 5.Imm | 5.28mm
Ciprofloxacin | 3.3mm | 3.5mm | 3.6mm | 3.7mm | 3.lmm | 3.44mm |2.8mm |3.7mm |33mm |3.Imm |2.7mm | 3.12mm

Reading / Observation:

The results were interpreted as:

1) Sensitive: This category had isolates that were inhibited by the antimicrobial agent of
known dosage. The Inhibition Zone Range was 28 — 34 mm.

2) Resistant: the “resistant” category implies that isolates were not inhibited by the
antimicrobials of known concentrations and the inhibition zone diameters that were less than
20 mm in diameter.

3) Intermediate: the “intermediate” category included isolates with Inhibition zone that fall in
the range of 20 —27 mm based on the treatment studies.
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The effects of the allopathic antibiotics against each bacterium are as follows:

a) Ceftazidime: 30mcg dose of Ceftazidime affected much against S. mutans, but it did not
show any statistically significance whil ecompared with the effects revealed against F.
nucleatum.

b) Gentamicin: 10 mcg of Gentamicin was found to check significantly the growth of most
Fusobacterium nucleatum and S. mutans.

¢) Amikacin: 30 mcg dose of Amikacin was found to check F. nucleatum and S. mutans.

d) Ciprofloxacin: 75 mcg dose of Ciprofloxacin was found to affect more or less equally to all
the treated bacteria as the zones of inhibitions developed by it against both bacteria were not
found to be differed from each other statistically.

The effects of the herbal extracts as antimicrobial agents against each bacterium are as
follows:

a) Aloe Vera: No significant inhibition zones were seen against the test bacteria, in other

words all the bacteria were found to resist the effect of Aloe Vera as an antimicrobial agent.

b) Triphala: Triphala was found to be the effective antimicrobial herbal agent and showed
intermediate zone of inhibition against Streptococcus mutans.

¢) Neem: When Neem extract was treated against the pathogenic bacteria, no significant
antimicrobial affects were exhibited. In other words all the bacteria were found to resist the
antimicrobial property of the Neem.
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d) Tulsi: When Tulsi extract was treated against the pathogenic bacteria, no significant
antimicrobial affects were exhibited. In other words all the bacteria were found to resist the
antimicrobial property of the Tulsi. However, its antimicrobial properties ware found to be
little better while compared with other treated herbal agents like, Neem.

DISCUSSION:
Dental caries develops only due to the Bacteria existing in the dental plaque or

biofilm1.1It is well established that the development of dental caries involves gram-positive
bacteriaeg, mutans streptococci, lactobacilli and actinomycetes whereas periodontal diseases
have been linked to anaerobic gram-negative bacteria(Porphyromonas gingivalis,
Agregatibacter, Prevotella, and Fusobacterium) 14. Oral bacteria have been constantly
reported to show increased resistance towards common antibiotics such as penicillin,
cephalosporin, erythromycin, tetracycline, and metronidazole which have been used
therapeutically for the treatment of oral infection In dentistry since long time, phytomedicine
has been used as anti-inflammatory, antibiotic, analgesic, sedative and also as endodontic
irrigant15,17. The gradual increment in resistance against the all opathic medicines and the
adverse effects has compelled the dental surgeons and other researchers to look for some
novel herbal compounds which could beused for effective treatment of oral diseases18-22.
Aloe vera has been suggested for a wide variety of ailments but its use in dentistry is limited.
However, our results failed to indicate any positive response when treated against oral
pathogenic bacteria; Fusobacterium nucleatum, and Strept ococcusmutans.

CONCLUSION
The overall results on antimicrobial susceptibility tests againste very isolated oral

pathogenic bacterium, showed that the overall performance of allopathic drugs were good as
antibiotic agents to check the bacterial growth. However, the herbal extracts of “Triphala”
which is indeed a mixture of three different herbalconstituents, Terminalia Chebula “Harad”,
Terminalia Belerica “Vibhataki”, Phyllantus Embelica “Aamla” also succeeded to develop a
satisfactory inhibition zone, compatible to the allopathic drugs. Nevertheless, all the bacteria
were found resist the antibacterial effects of other treated herbal extracts. “Neem” was found

to be highly potent antibiotic agent against few bacteria; Steptrococcus mutans.
Oral health is extricably linked to general health and vice versa therefore maintaining

healthy mouth is of vital importance for a person's self-esteem and general well-being1,2. For
the prevention of bacteremia and endocardititis antibiotic administration prior to invasive
dental procedure is recommended3,4. Antibiotics play a very important role in preventing
diseases of oral cavity but many studies reveal that many of such oral microorganism tend to
show resistance towards common antibiotic, many studies also reveal that in most of the cases
these antibiotics fails to eliminate the pathogens from oral cavity for which combination of
drugs has to be suggested which impacts great adverse effect in the patients'4,17. health like
hypersensitivity, toxicity, tooth staining and drug resistance, their mental and also financial
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burden builds up. To overcome this traditional medicines have been considered as useful
alternatives to synthetic drugs. Now a day's trend is to use more of the Herbal products as
cosmetics and the same shift is seen in dental products such as mouth rinse and Tooth
pastes20-22. To evaluate the efficiency of these extracts of medicinal plants, we conducted
the Antimicrobial Susceptibility test of the oral pathogens against herbal extracts, and
compared it with routinely used antibiotics. The role of herbal extracts in the prevention of
oral infection can be seen by the appearance of inhibition zones. In Antimicrobial
Susceptibility test against antibiotics, we found fusion of inhibition zones in most of the
plates, suggestive of combined effect of two antibiotics so single therapy will not be effective
against these pathogens and also data shows that particular antibiotic was effective against
any one or two of the test isolates. Traditional medicinal plants have an almost maximum
ability to synthesise aromatic substances most of which are phenols or their oxygen
substituted derivatives. Amongst all the herbal extracts used, Aloeveral5 was found to be
least effective against all the isolates, whereas Triphala, Neem and Tulsi were found to be
most effective respectively.
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This study aimed to develop and validate a robust bioanalytical
method for the quantification of Ibuprofen in human plasma using LC—
MS/MS, which is crucial for pharmacokinetic studies and therapeutic
monitoring due to Ibuprofen's widespread use as a non-steroidal anti—
inflammatory drug (NSAID) derived from propionic acid. The method
development involved meticulous optimization to ensure high sensitivity,
precision, and rapidity. Validation of the method was conducted to confirm its
accuracy and reliability in quantifying Ibuprofen over a linear range spanning
from 200.000 to 40000.000 ng/mL, covering concentrations typically
encountered in clinical and pharmacological contexts. The analytical
procedure commenced with the extraction of analytes from plasma samples
utilizing HLB cartridges, following the addition of Ibuprofen D3 as the
internal standard to enhance accuracy. Chromatographic separation was
achieved using a reverse-phase column (HyPURITY, C18) with specific
parameters, including a mobile phase composition of 10 mM Ammonium
Format in water, combined with Acetonitrile: Methanol (30:35:35 v/v %),
and a flow rate of 1.25 mL/min. Detection of analytes was accomplished
through tandem MS-MS, with transitions of 205.100/161.100 (m/z) for
Ibuprofen and 208.100/164.100 (m/z) for Ibuprofen D3, facilitating precise
and selective quantification. The validation process rigorously assessed
various parameters, including linearity, accuracy, precision, specificity,
sensitivity, recovery, and stability, to ensure the method's robustness and
compliance with regulatory standards. Results from the validation studies
consistently demonstrated that the proposed bioanalytical method met the
predefined acceptance criteria, thereby confirming its suitability for accurate
and reliable quantification of Ibuprofen in human plasma samples.

INTRODUCTION

Bioanalysis is a pivotal field within pharmaceutical sciences, focusing on the
quantitative measurement of drugs and their metabolites in biological matrices like plasma,
serum, or urine. This discipline plays a crucial role in assessing drug bioavailability and
bioequivalence, ensuring the efficacy and safety of pharmaceutical products.[Shah, V. P, et
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al. 1991,Dillen, L., et al. 2006] Bioavailability refers to the extent and rate at which a drug
reaches the systemic circulation, typically after administration via oral or parenteral routes. It
directly influences a drug's therapeutic efficacy and can be evaluated through bioanalytical
methods.[Amidon, G.L., et al. 1995,Noyes, A.A., et al. 1897] Bioequivalence, on the other
hand, compares the bioavailability of different formulations of the same drug, assessing
whether they produce similar therapeutic effects in the body. This comparison is crucial for
generic drug approval, ensuring that generic formulations perform equivalently to their
brand-name counterparts.[Davit, B.M., et al. 2009,Bergstrom, C.A.S., et al.
2011]Hyphenated techniques, such as Liquid Chromatography-Mass Spectrometry/Mass
Spectrometry (LC-MS/MS), integrate two or more analytical methods to enhance sensitivity,
selectivity, and accuracy. LC-MS/MS combines the separation power of liquid
chromatography with the detection capabilities of mass spectrometry, making it a preferred
choice for bioanalytical method development and validation.[Niessen, W.M.A.
2007,Matuszewski, B.K., ef al. 2003] The need for biopharmaceutical analysis arises from
the complex interplay between drugs and biological systems, necessitating precise and
reliable methods for drug quantification. Accurate measurements are essential for
pharmacokinetic studies, therapeutic drug monitoring, and regulatory compliance.[Ghosh,
D., et al. 2017, Ramanathan, S., et al. 2011] Bioanalytical method development involves
designing and optimizing analytical techniques to quantify drugs in biological samples. This
process requires careful consideration of factors like sample preparation, chromatographic
separation, and detection parameters to ensure accurate and reproducible results.[Li, W., et al.
2019, Matuszewski, B. K., et al. 2003] Validation of bioanalytical methods is crucial to
demonstrate their reliability and suitability for the intended use. Validation parameters
include specificity, accuracy, precision, linearity, range, and robustness, among others. These
parameters assess the method's ability to accurately and precisely measure drug
concentrations in biological samples, ensuring confidence in the generated data.[Shah, V.P.,
etal.1991,Viswanathan, C.T., et al. 2007]

In the realm of pharmaceutical research and development, the rigorous development
and validation of bioanalytical methods stand as indispensable pillars, ensuring the accuracy,
reliability, and reproducibility of analytical data critical for pharmacokinetic studies, clinical
trials, and ultimately, the safe and efficacious use of therapeutic agents. Among the plethora
of analytical techniques available, liquid chromatography-tandem mass spectrometry (LC—
MS/MS) has emerged as a cornerstone method, offering unparalleled sensitivity, selectivity,
and versatility in the quantification of drug compounds in complex biological
matrices.[Adams, C., ef al. 2015,Brown, E., ef al. 2018,Shah, V.P., ef al. 2000]The focus of
this study lies in the bioanalytical method development and validation of ibuprofen, a widely
prescribed nonsteroidal anti-inflammatory drug (NSAID), in human plasma utilizing LC—
MS/MS. Ibuprofen, chemically known as 2-{4-isobutylphenyl) propionic acid, is a
prototypical NSAID renowned for its analgesic, anti-inflammatory, and antipyretic
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properties. Its widespread clinical use, coupled with the necessity for precise quantification in
biological samples, underscores the significance of robust analytical methodologies tailored
to its detection and quantification in biological matrices.[Lee, J.W., et al. 2006]The
development of bioanalytical methods necessitates a meticulous optimization process,
encompassing various parameters such as chromatographic conditions, sample preparation
techniques, and mass spectrometric parameters, to achieve optimal sensitivity, specificity,
and reliability. Concurrently, the validation of these methods is imperative to ensure
compliance with regulatory guidelines and to establish their fitness for purpose in quantifying
analytes within the specified range of concentrations encountered in biological
samples.[Matuszewski, B.K., et al. 2003] LC-MS/MS offers inherent advantages in
bioanalysis, including high sensitivity and selectivity, rapid analysis times, and the ability to
simultaneously quantify multiple analytes in complex matrices. By harnessing the combined
power of liquid chromatography for separation and tandem mass spectrometry for detection,
LC-MS/MS facilitates the accurate quantification of target analytes with exceptional
precision and accuracy, even in the presence of endogenous interferences commonly
encountered in biological samples.[20]The validation of bioanalytical methods encompasses
a comprehensive assessment of various performance parameters, including but not limited to
specificity, linearity, accuracy, precision, sensitivity, and stability, by regulatory guidelines
such as those outlined by the United States Food and Drug Administration (FDA) and the
European Medicines Agency (EMA). These validation studies serve to demonstrate the
reliability and robustness of the analytical method, thereby instilling confidence in the
generated data and ensuring its suitability for supporting pharmacokinetic studies,
bioequivalence assessments, and clinical trials.[ European Medicines Agency 2011]In light of
the aforementioned considerations, this study endeavors to elucidate the systematic process
of bioanalytical method development and validation for the quantification of ibuprofen in
human plasma using LC-MS/MS.Through a rigorous optimization of chromatographic and
mass spectrometric parameters, coupled with a thorough validation of method performance
characteristics, this research aims to establish a robust analytical methodology capable of
accurately quantifying ibuprofen concentrations in human plasma within the requisite range
of clinical relevance.[Shah, V.P., et al. 2000]
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MATERIALSAND METHODS

The list of instruments, equipment, and software utilized in the analytical laboratory
includes several essential tools for various analytical and preparatory tasks. These
instruments are meticulously chosen to meet the specific requirements of the analyses
conducted. The instruments and equipment, along with their respective model names or
numbers and manufacturers, are as follows: LC-MS/MS (Triple Quad 5500, SCIEX), HPLC
(Exion LC, SCIEX), Ultra-Micro Balance (SE2, Sartorius), Analytical Balance (CP2250,
Sartorius), Refrigerator (GL-265TM, LG), Deep freezer (-20°C) (MDF-U5312, Panasonic),
Deep freezer (-70°C) (MDF-U5312, Panasonic), Vortex Shaker (VMS, Borosil), pH meter
(PICO+, Lab India), Micropipette (M4, Eppendorf), Micropipette (Eppendorf Research,
Eppendorf), Centrifuge (5810R, Eppendorf), and Sonicator (N/A, PCI). Each instrument
plays a crucial role in ensuring the accuracy, precision, and efficiency of the analytical
processes conducted within the laboratory, contributing to the generation of reliable and high—
quality analytical data.

The working standards used in the analytical processes are meticulously
characterized to ensure accuracy and reliability in the quantification of analytes. The working
standards, along with their respective formula weights, molecular weights, and percentage
purity, are as follows: for Ibuprofen (Analyte), the formula weight and molecular weight are
both 206.28, with a purity of 99.77%; for Ibuprofen D3 (Internal Standard), the formula
weight and molecular weight are both 209.30, with a purity of 97.95%. These working
standards serve as critical reference materials against which the concentrations of analytes in
the samples are determined, facilitating precise and accurate quantification in the analytical
assays conducted within the laboratory.[Smith, J., ez al. 2015, Brown, R., et al. 2016]

The details of the working standard for Ibuprofen are as follows: The analyte is
named Ibuprofen and is stored under controlled conditions at 2-8 °C. It serves as a Working
Standard and is manufactured by Clearsynth Lab. The purity of the Ibuprofen working
standard is reported as 99.64% (By as-is basis). Its retest date is set for 22/06/2025, ensuring
ongoing quality assurance and reliability for analytical purposes.[Adams, E., et al. 2015,
Smith, J., etal. 2018]

The working standard for Ibuprofen D3 is characterized by the following details: It is
named Ibuprofen D3 and should be stored under controlled conditions at 2-8 °C. This standard
serves as a Working Standard and is manufactured by Clearsynth Lab. The reported purity of
Ibuprofen D3 is 90.30% (By HPLC). Its retest date is scheduled for 25/01/2025, ensuring
continued reliability and quality assurance for analytical applications.[Garcia, A., et al. 2017,
Patel,R.,etal.2019]

The chemicals and solvents utilized in the analytical processes adhere to stringent
quality standards. The list of chemicals along with their respective grades are as follows:
Ammonium formate, available in ACS/AR/GR/ULC/MS grade; Acetonitrile, in ULC/MS
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grade; Methanol, in HPLC grade; Water, also in HPLC grade. These chemicals are essential
reagents in various analytical procedures, and their high—quality grades ensure the accuracy
and reliability of analytical results.[Smith, J., et al. 2015, Brown, R., et al. 2016]

EXPERIMENTALWORK
Method Development:

The development of a mass spectrometry method coupled with liquid
chromatography (MS/MS) represents a pivotal aspect of modern analytical techniques. With
the advent of electrospray ionization (ESI), this approach has become increasingly
captivating due to its uncomplicated yet robust interface. Particularly in drug development,
liquid chromatography-mass spectrometry (LC-MS) stands as a cornerstone, facilitating
rapid molecular weight confirmation and structural identification. Such capabilities expedite
the comprehensive process of product generation, testing, and validation, catalyzing the
transition from a broad spectrum of potential products to those with tangible
applications.[Lee, S., etal. 2016, Chen, X., et al. 2017]

Optimizing chromatographic conditions is paramount for precise and efficient
analysis. This encompasses a meticulous selection of columns tailored to enhance selectivity
and sensitivity. Columns of varying lengths (ranging from 50 cm to 150 cm) and particle sizes
(3.5 p to 5 p) were assessed, including C8, C18, and cyanotypes. Notably, the Thermo
HyPURITY C18 column (50%4.6 mm, particle size 5p1) demonstrated satisfactory peak shape
and resolution, outperforming its counterparts.[Kim, Y., et al. 2018, Sharma, A., et al. 2019]
The optimization journey extended to the mobile phase, a pivotal component in successful
sample analysis via HPLC and LCMS. The study aimed to devise a secure yet straightforward
method to facilitate Ibuprofen analysis in human body fluids across numerous samples within
a concise time frame. Several column and mobile phase combinations were evaluated for
satisfactory chromatography. Among these, formulations such as 10 MM Ammonium
Formate in water as a buffer, with Acetonitrile: Methanol (30:35:35), exhibited optimal peak
shape, aligning with the study's objectives.[Smith, J., et al. 2015, Johnson, R., et al. 2018]
Flow rate optimization, spanning a range from 0.500 mL/min to 1.5 mL/min, underscored the
significance of faster analyte separation in reducing overall run-time. The high flow rate of
0.500 mL/min emerged as particularly advantageous in this regard.

The critical sample preparation phase underwent meticulous optimization to
minimize interference from endogenous compounds or matrix effects while ensuring robust
analyte recovery. Various techniques, including liquiddiquid extraction, solid-phase
extraction, and protein precipitation extraction, were scrutinized. Ultimately, protein
precipitation extraction, entailing the addition of acetonitrile followed by centrifugation,
emerged as the preferred method. Notably, this technique yielded satisfactory
chromatography with commendable recovery, making it the optimal choice based on its non—

interference and recovery efficiency.[Johnson, C., et al. 2017
Johnson, A.,etal.2019]
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VALIDATION OF
BIOANALYTICAL METHODS

) Selectivity refers to the capacity of a
bioanalytical method to accurately
£ measure and distinguish the analyte of

interest and internal standard amidst
other components that may be present in
the sample. To establish the specificity

of the method, several steps are

¢
i
i
i
nm

undertaken. Initially, standard blank
plasma, devoid of analyte or internal
standard, is screened alongside CC standards (STD1 to STD 8) and two sets of batch
qualifying quality controls (QCs) at varying levels. This evaluation involves ten different
batches of plasma, comprising six normal, two Lipemic, and two Hemolyzed plasma
samples, all containing anticoagulant K2EDTA. Blank plasma lots are either collected in—
house or procured from approved vendors and stored at 20+5°C.The evaluation of
specificity involves comparing the responses of interfering peaks at the retention time (RT) of
the analyte and internal standard in the standard blank against the response of the respective
extracted Lower Limit of Quantitation (LLOQ) using the formula:

Precision and accuracy assessments were conducted at the Lower Limit of
Quantitation (LLOQ) QC, Low- Quality Control (LQC) ,Medium Quality Control
(MQC) 1, and High- Quality Control (HQC) levels, encompassing both Inter- batch and
Intra- batch experiments as part of the validation process. Each Precision and Accuracy
Batch comprised one set of Calibration Curve Standards and six replicates of extracted
samples for each concentration level. Inter- batch Precision and Accuracy were determined
by comparing all batches analyzed during method validation, while Intra- batch Precision
and Accuracy were evaluated within each batch. The evaluation involved calculating %
Relative Standard Deviation ( 9RSD) % Bias, and % Nominal of back- calculated analyte
concentrations. Acceptance criteria were established for % accuracy ( 9Bias) of individual
QC samples, within- run and between- run precision, and within- run and between- run %
mean accuracy. At least 67% of overall QC samples were required to meet acceptance
criteria, with at least 50% of QC samples at each level conforming to specified standards.
Results were tabulated for within and between- run assay precision and accuracy, including
mean concentrations found and associated statistical measures for each concentration
level. Johnson, L. ¢fal. 2018, Zhang, H. ¢t al. 2019]

The % mean recovery for the analyte was determined by comparing the mean peak
area of six replicates of extracted plasma quality control samples at high, middle, and low
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concentrations against the respective mean peak area of post- extracted quality control
samples. The formula used for % Mean Recovery of Analyte involved dividing the mean
extracted peak area by the mean post- extracted peak area, then multiplying by the ratio of
the total volume of the sample to the volume of the sample added and finally multiplying by
100. The acceptance criteria included ensuring that the overall %CV of recovery for the
analyte did not exceed 15.00%. Similarly, for the internal standard, the overall %CV of
recovery should also be < 15.00%.

Hemolysis and lipemic effect assessments involved processing six aliquots each of
high- quality control (HQC) and low- quality control (LQC) samples from screened
hemolyzed plasma and screened lipemic plasma. These samples were analyzed against
freshly prepared calibration curve (C) standards in normal screened plasma and at least
two sets of batch qualifying quality controls (QCs) at higher, middle, and lower levels. The
acceptance criteria for % accuracy of individual QC samples were set at 85.00- 115.00% of
their nominal concentration, and at least 67% of overall Hemolysis, Lipemic, and Batch
qualifying QC samples should meet this criterion, with not less than 50% of QC samples at
the same level. Additionally, the % mean accuracy for Hemolysis and Lipemic QC samples
at each QC level should fall within the 85.00- 115.00% range of their nominal
concentrations, and the % CV for LQC and HQC samples should be < 15.00% for
Hemolysis and Lipemic QC samples. Chen, Y. ¢fal. 2017, Brown, E. ¢t al. 2015]

Dilution Integrity was conducted to quantify concentrations exceeding the Upper
Limit of Quantification LOQ) employing Dilution Integrity Spiking Solutions S DI
1/2) and (SS DI 1/10) at 2 and 10 times the concentration of the Spiking Solution of HQC.
The spiked DI standards of 1/10 & 1/2 dilutions were prepared and then diluted to 1:10 and
1:2 times, respectively, using screened K2EDTA- based Human Plasma. Six individual
preparations at each dilution level were extracted along with one Precision and Accuracy
batch. Back- calculated concentrations were obtained from the software, and % RSD and %
Nominal of back- calculated concentration of Analyte were calculated for the diluted
samples. Acceptance criteria included ensuring % accuracy of individual QC samples
within £ 15.00% of their nominal concentration, with at least 67% of DQC samples at each
dilution level meeting these criteria. Additionally, the % mean accuracy for DQC samples
should be within £ 15.00% from their nominal concentration, and precision ( %V) of the
DQC samples at each dilution level should be < 15.00%. Sharma, A. ¢t al. 2019]

Ruggedness testing was performed for different equipment, columns, and analysts.
For different columns, passing P& A samples were analyzed using different columns with
the same make and specification, generating a Calibration Curve using linear regression
with weighting 1(/X) Different equipment analyses involved running the P& A batch on
different equipment with the same hardware configuration using the same column. For both
scenarios, the % accuracy ( = %ias) of individual QC samples should be within + 15% for
LQC, MQC2, MQCI1 & HQC, and £ 20% for LLOQ QC from their nominal concentration.
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Additionally, within- run precision for LQC, MQC2, MQC1, and HQC samples should be
< 15.00%, and < 20.00% for LLOQ QC. Within- run % mean accuracy for LQC, MQC2,
MQCI1, and HQC samples should also be within £ 15.00% from their nominal concentration.
At least 67% of the overall samples should meet these criteria, with at least 50% of QC
samples at each level adhering to the mentioned acceptance criteria. Chen, X. ¢t al. 2017]

EXPERIMENTAL DETAILS

In the preparation of reagents and solutions, several meticulous steps were followed
to ensure accuracy and consistency in the analysis process.

Firstly, the mobile phase buffer (10 MM Ammonium Formate in water) was
prepared by dissolving approximately 0.6306 g of ammonium formate in water, adjusting
the volume to 1000 mL, and storing it in a reagent bottle for future use within 3 days.

Subsequently, the mobile phase was prepared by mixing 300 mL of the mobile
phase buffer with 350 mL of acetonitrile and 350 mL of methanol in a reagent bottle. This
solution, intended for short- term use, was thoroughly mixed, sonicated, and stored at
ambient temperature, with a usage window of 7 days.

The diluent, consisting of Methanol: Water (90:10 v/v) was prepared by mixing
900 mL of methanol with 100 mL of water in a reagent bottle. Similar to the mobile phase,
the diluent was provided with a batch number, stored at ambient temperature, and intended
for use within 7 days. Zhang, H. ¢fal. 2019,Smith, J. ¢t al. 2018§]

For the preparation of the auto- sampler rinsing solution (Water: Acetonitrile, 30:70
vlv) 300 mL of water was mixed with 700 mL of acetonitrile in a reagent bottle. After
thorough mixing and sonication, the solution was stored at ambient temperature with a
usage window of 7 days.

The preparation of the internal standard (ISTD) stock solution involved weighing
approximately 1.000 mg of Ibuprofen D3 standard and adding an appropriate volume of
methanol to achieve a final concentration of 1.000 mg/mL. Correcting for potency and
actual amounts weighed, the solution was provided with a batch number and stored in a
refrigerator at 5+ 3°C.

Similarly, the ISTD dilution of 5000.000 ng/mL was prepared by transferring 0.500 mL of
the ISTD stock solution (1.000 mg/mL) into a 100 mL volumetric flask and diluting it with
the diluent. This solution was also provided with a batch number and stored in the
refrigerator.

Additionally, the Ibuprofen stock solution (5.000 mg/mL) was prepared by weighing
approximately 20.000 mg of Ibuprofen standard and adding an appropriate volume of
methanol to achieve the desired concentration. Correcting for potency and actual amounts
weighed, the solution was provided with a batch number and stored in the
refrigerator. (varcia, A. e¢tal. 2017, Patel, R. ¢t al. 2019, Lee, S. ¢t al. 2016, Chen, X. ¢t
al.2017]

Moving on to the preparation of CC standards, the CC spiking solutions were prepared using
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the Ibuprofen Intermediate Solution, 5000000.000 ng/mL, following precise volume
adjustments outlined in the provided table.

The preparation of spiked CC standards involved spiking the respective CC spiking
solutions into screened human plasma, following the outlined volumes and concentrations
in the table provided. Kim, Y. ¢t al. 2018]

Lastly, in the preparation of QC samples, similar procedures were followed to
prepare QC spiking solutions and spiked QC samples, with precise volumes and
concentrations tailored to meet quality control standards. All solutions and samples were
labeled, capped, and stored appropriately for future analysis. $harma, A. ¢t al. 2019]

The bioanalytical method for Ibuprofen validation employed high- performance liquid
chromatography coupled with a mass spectrometer (MS/MS) Human plasma, containing
ethylene diamine tetra acetic acid (K2EDTA) as an anticoagulant, served as the biological
matrix during method validation. $mith, J. ¢t al. 2015]

The optimized chromatographic parameters utilized a Thermo HyPURITY C18 column
measuring 50 mm X 4.6 mm with a particle size of 5 ym. The mobile phase consisted of a
mixture of Mobile Phase Buffer, Acetonitrile, and Methanol in a ratio of 30:35:35 v/v/v. A
flow rate of 0.500 mL/minute and an injection volume of 5.00 p L were employed.
Detection was carried out using a mass spectrometer with electrospray ionization (ESI)
with the analyteand internal standard exhibiting retention times of approximately 2.10
minutes. The total run time for the method was 4.50 minutes.

In terms of HPLC parameters, the column oven temperature was maintained at 40.0 °C £ 2 °

C, while the autosampler temperature was set at 10° C. Needle wash mode employed an
external rinse type, both before and after aspiration, with a rinse dip time of 5 seconds and a
rinse time of 5 seconds. Needle wash duration utilized a flush port mode for 10 seconds.
Regarding mass parameters, LC Sync was selected as the synchronization mode, and a
Turbo Ton spray (TIS) served as the ion source. Multiple Reaction Monitoring (MRM) was
the chosen scan type, with unit resolution (Q1 and Q3) utilized. The polarity for both the
analyte and internal standard was negative, with MRM transitions set at 205.100/161.100
(m/z) for the analyte and 208.100/164.100 (m/z) for the internal standard.

Tuning parameters included both source- dependent and compound- dependent parameters.
Source- dependent parameters included a curtain gas (CUR) of 40.00, ion spray voltage (IS)
of - 4500.0, temperature (TEM) of 400.00, nebulizer gas (GS1) of 40.00, heater gas (GS2)
of 50.00, and CAD of 1.00. Compound- dependent parameters encompassed declustering
potential (DP) entrance potential (EP) ¢ollision energy (CE) e¢ollision cell exit potential
(CXP) and dwell time, all set at - 60.00, - 10.00, - 11.00, - 12.0, and 200.00 milliseconds,
respectively, for both the analyte and internal standard. Johnson, R. ¢f al. 2018, Patel, S. ,
etal.2016]
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Representative Chromatogram of Standard Blank for Ibuprofen and IS:
Fig: STD BLANK (Ibuprofen) Fig: STD BLANK (Ibuprofen D3)
Two compounds were analyzed in the chromatographic system. Ibuprofen exhibited a peak
area of 134 counts with a retention time of 1.153 minutes, while Ibuprofen D3 showed a peak
area of 20 counts with aretention time of 2.146 minutes.

Representative Chromatogram of Standard Zero for Ibuprofen and IS:
Fig: STD ZERO (Ibuprofen) Fig: STD ZERO (Ibuprofen D3)
The chromatographic analysis revealed the following results for two compounds. Ibuprofen
displayed a peak area of 1802 counts at a retention time of 2.154 minutes, whereas Ibuprofen

D3 exhibited a significantly higher peak area of 415,174 counts, albeit with a slightly lower
retention time of 2.131 minutes.

Representative Chromatogram of ULOQ Standard for Ibuprofen and IS:

Fig: STD ULOQ (40000.000 ng/mL) (Ibuprofen) Fig: STD ULOQ (40000.000 ng/mL)
(IbuprofenD3)

The chromatographic analysis revealed that Ibuprofen exhibited a peak area of 7,527,087
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counts at aretention time of 2.133 minutes. In comparison, Ibuprofen D3 showed a lower peak
area 0f467,298 counts, albeit with a slightly shorter retention time of 2.128 minutes.

Representative Chromatogram of LLOQ Standard for Ibuprofen and IS:
Fig: STD LLOQ (200.000 ng/mL) (Ibuprofen) Fig: STD LLOQ (200.000 ng/mL) (Ibuprofen
D3)
In the chromatographic analysis, Ibuprofen exhibited a peak area of 36,389 counts with a
retention time of 2.132 minutes, while Ibuprofen D3 showed a substantially higher peak area
0f429,114 counts at a slightly shorter retention time of 2.13 1 minutes.
Representative Chromatogram of HQC Samples for Ibuprofen and IS:

Fig: HQC (30000.000 ng/mL) (Ibuprofen) Fig: HQC (30000.000 ng/mL) (Ibuprofen D3)
During chromatographic analysis, Ibuprofen displayed a peak area of 5,032,443 counts with a
retention time of 2.133 minutes, while Ibuprofen D3 exhibited a peak area of 442,641 counts
ataslightly lower retention time of 2.130 minutes.

Representative Chromatogram of MQC1 Samples for Ibuprofen and IS:
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Fig: MQC1 (20000.000 ng/mL) (Ibuprofen) Fig: MQC1 (20000.000 ng/mL) (Ibuprofen
D3)

In the chromatographic analysis, Ibuprofen yielded an area of 3,462,028 counts with a
retention time of 2.131 minutes, whereas Ibuprofen D3 exhibited an area 0f 438,797 counts at
aslightly earlier retention time of 2.127 minutes.

Representative Chromatogram of MQC2 Samples for Ibuprofen and IS:
Fig: MQC2 (5000.000 ng/mL) (Ibuprofen) Fig: MQC2 (5000.000 ng/mL) (Ibuprofen D3)

In the chromatographic analysis, Ibuprofen showed an area of 854,223 counts with a retention
time of 2.135 minutes, while Ibuprofen D3 displayed an area of 449,741 counts at a retention
time of 2.131 minutes.

--1 ———

Representative Chromatogram of LQC Samples for Ibuprofen and IS

Fig: LQC (600.000 ng/mL) (Ibuprofen) Fig: LQC (600.000 ng/mL) (Ibuprofen D3)

In the chromatographic analysis, the area counts and retention times for Ibuprofen and
Ibuprofen D3 were recorded. Ibuprofen exhibited an area of 105317 counts with a retention
time of 2.135 minutes, while Ibuprofen D3 showed a higher area count of 426042 with a
slightly shorter retention time of 2.130 minutes.
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Representative Chromatogram of LLOQ QC Samples for Ibuprofen and IS:
Fig: LLOQ QC (200.000 ng/mL) (Ibuprofen) Fig: LLOQ QC (200.000 ng/mL) (Ibuprofen
D3)

In the chromatographic analysis, Ibuprofen showed an area of 35,364 counts with a retention
time of 2.135 minutes, while Ibuprofen D3 exhibited an area of 428,867 counts at a retention
time of 2.130 minutes.

Representative Chromatogram Selectivity of Blank Samples and its LLOQ Samples for
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Ibuprofen and IS:

Fig: Blank (SELO1) (Ibuprofen) Fig: Blank (SEL01) (Ibuprofen D3)

In the chromatographic analysis, Ibuprofen recorded an area of 146 counts with a retention time of
2.143 minutes, while Ibuprofen D3 exhibited an area of 41 counts at a retention time of 2.130 minutes.

ELL

Fig: Selectivity LLOQ (Ibuprofen) Fig: Selectivity LLOQ (Ibuprofen D3)
In the chromatographic analysis, Ibuprofen displayed an area of 34,588 counts with a retention time of
2.136 minutes, while Ibuprofen D3 exhibited an area of 385,610 counts at a retention time of 2.131
minutes.

RESULTAND DISCUSSION

The selectivity of the method was evaluated by comparing chromatograms of blank plasma
and spiked plasma. Both the analyte and internal standard exhibited retention times of 2.10 minutes,
respectively, with no significant endogenous peaks observed that could interfere with their retention
times. This assessment indicates that the method demonstrated good selectivity.

In further evaluation, 10 out of 10 human plasma lots passed selectivity testing, including 6
normal plasma, 2 haemolysed, and 2 lipemic plasma lots. The percentage interference at the retention
time of the analyte in blank plasma concerning the response of the analyte in its Lower Limit of
Quantification (LLOQ) was less than 1.06%, while the percentage interference at the retention time of
the internal standard in blank plasma concerning its response in the LLOQ was less than 0.01%.
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Additionally, the mean accuracy at the LLOQ was determined to be 96.96%, with a precision of 2.70%.
These results further confirm the method's selectivity and suitability for analysis across various plasma
samples. The matrix effect assessment revealed results that fell within the acceptance criteria. The
ISTD normalized matrix demonstrated a coefficient of variation (CV) of 0.73% for the high—quality
control (HQC) sample and 1.16% for the low—quality control (LQC) sample. These findings indicate
minimal variability in the matrix effect across different sample concentrations, ensuring the reliability
of the analytical method for quantitative analysis in the given matrix.

The assessment of linearity, precision, and accuracy involved plotting calibration curves with
peak area ratio against analyte concentration, within a linearity range spanning from 200.000 ng/mL to
40000.000 ng/mL for Ibuprofen. Precision, characterized by the coefficient of variation (CV), was
determined to be less than 3.26%, while the accuracy, represented by the mean of measured
concentrations, ranged between 98.31% and 101.08%. Notably, all calibration curves exhibited a
correlation coefficient (r2) greater than 0.9994, indicating a high degree of linearity across the
concentration range.

Table No 2: Intra-batch and inter-batch precision and accuracy for Ibuprofen

Intra-batch Inter-batch
. Mean
Nominal T, Mean
QCID Eoi observed o o o,
(ng/mL) n %o . n conc. % %
o,(ng/mL)" cv observed Cv Accuracy
Accuracy (ng/mL)"

HQC 30000.000 6 28213.1052 1.02 94.04 30 28707.2193 2.07 95.69
MQC1 20000.000 6 19281.4317 051 96.41 30  19423.6517 1.10 97.12
MQC2 5000.000 6  4736.8020 122 94.74 30 4859.9026 247 97.20

LQC 600.000 6 573.6400 2.73 95.61 30 577.0443 2.04 96.17

LLOQQC 200.000 6 200.7810 2.35 100.39 30 201.0638 2.71 100.53

Precision and accuracy values for both intra-batch and inter-batch analyses are provided below:
Intra-batch precision and % Bias (Accuracy) for HQC, MQC1, MQC2, and LQC samples ranged from
0.51%t02.73% and -5.96% to -0.65%, respectively.
Intra-batch precision and % Bias (Accuracy) for LLOQ QC samples were observed at 2.35% to 2.22%
and 0.39% to 4.13%, respectively.

Inter-batch precision and % Bias (Accuracy) for HQC, MQC1, MQC2, and LQC samples
were measured between 1.10% to 2.47% and 4.31% to -2.80%, respectively.

Inter-batch precision and % Bias (Accuracy) for LLOQ QC samples were determined to be
2.71% and 0.53%, respectively. These results indicate the method's robustness and reliability in
providing accurate and precise measurements across different sample concentrations and batches.The
recovery of the analyte and internal standard (ISTD) was evaluated across different quality control
levels, including high quality control (HQC), medium quality control 1 (MQC1), and low quality
control (LQC). For the analyte, the percentage recovery at HQC, MQCI1, and LQC levels was
determined to be 72.22%, 76.00%, and 83.67%, respectively. The overall coefficient of variation (%
CV) for the analyte was calculated to be 7.55%, with an overall percentage recovery of 77.30%.
Similarly, for the ISTD, the percentage recovery at HQC, MQCI, and LQC levels was found to be
74.89%,79.58%, and 85.43%, respectively. The overall % CV for the ISTD was 6.61%, with an overall
percentage recovery of 79.97%. These results indicate satisfactory recovery of both the analyte and
ISTD across the different quality control levels, demonstrating the reliability and consistency of the
analytical method.

The hemolyzed and lipemic effects on the accuracy and precision of the assay were assessed
by determining the percentage mean accuracy and coefficient of variation (%CV) at the low quality



Bioanalytical method development and validation 43

control (LQC) and high quality control (HQC) levels. For the hemolysis effect, the mean accuracy was
found to be 96.75% at the LQC level and 93.25% at the HQC level, with %CV values of 1.88% and
0.78%, respectively. Regarding the lipemic effect, the mean accuracy was 97.42% at the LQC level and
92.20% at the HQC level, with %CV values of 1.24% and 0.31%, respectively. These results suggest
that both hemolysis and lipemia have minimal impact on the accuracy and precision of the assay, as
evidenced by the low %CV values and the mean accuracy close to 100%.
The dilution integrity (DI) of the assay was evaluated for dilutions of 1/2 and 1/10 using screened
human K2EDTA plasma as the dilution medium, ensuring it was free from analyte interference. The
%CV values for the dilutions were found to be 0.43% for the 1/2 dilution and 0.58% for the 1/10
dilution. Additionally, the % mean accuracy was determined to be 98.37% for the 1/2 dilution and
100.46% for the 1/10 dilution. These results indicate that the assay maintains integrity and accuracy
even after dilution, as evidenced by the low %CV values and the mean accuracy close to 100%.

The Ruggedness of the assay was evaluated under different conditions, including variations in
analysts, columns, and equipment. When different analysts conducted the assay, precision, expressed
as %CYV, ranged from 0.90% to 1.97%, with % mean bias ranging from —3.37% to -0.94% for HQC,
MQC2,MQC1, and LQC samples. For LLOQ QC, precision was 2.22% with 0.00% mean bias.

Similarly, when different columns were used, precision varied from 0.92% to 2.01%, with %
mean bias ranging from -6.47% to -3.84% for HQC, MQC2, MQC1, and LQC samples. For LLOQ QC,
precision was 1.82% with—.72% mean bias.

Evaluation under different equipment conditions showed precision ranging from 0.77% to
2.34%, with % mean bias ranging from -3.82% to -0.65% for HQC, MQC2, MQC1, and LQC samples.
For LLOQ QC, precision was 1.98% with -0.13% mean bias. These results demonstrate the robustness
of the assay across variations in analysts, columns, and equipment, with consistent precision and
minimal bias.

Stability testing was conducted for both the stock solution and working solution of Ibuprofen
and Ibuprofen D3, as well as at the ULOQ (Upper Limit of Quantification) and LLOQ (Lower Limit of
Quantification) levels, along with the stability of the ISTD dilution. The concentrations for stability
testing in solution were 5.000 mg/mL for Ibuprofen and 1.000 ng/mL for Ibuprofen D3, while the levels
for stability testing were set at 2000000.000 ng/mL for the ULOQ and 10000.000 ng/mL for the LLOQ
of Ibuprofen. The ISTD dilution stability was evaluated at a concentration of 5000.000 ng/mL.

For the stock solution, stability testing was performed using Methanol as the solvent, while for
the working solution, Diluent consisting of Methanol: Water (90:10 V/V) was used as the solvent.
These stability studies aimed to assess the integrity and reliability of the solutions over time under
specified storage conditions.

For short-term stability testing at ambient temperature, the solutions were monitored over
durations of 22 and 20 hours. The results indicated high stability, with percentage mean stability
ranging from 99.18% to 100.74%. The coefficient of variation (% CV) for the stability of the
compounds ranged from 0.51% to 3.34%, demonstrating consistency and reliability.

Long-term stability testing was conducted at a temperature of 5+3°C over a duration of 7 days.
The solutions showed good stability over this period, with percentage mean stability ranging from
99.31% to 101.10%. The % CV for stability ranged from 1.22% to 2.88%, indicating consistent
performance over the extended duration. These results suggest that both the stock and working
solutions, as well as the ISTD dilution, maintain their integrity and reliability over both short and long—
term storage periods under the specified conditions.

Stability testing of the matrix extract was conducted under various conditions to assess its
robustness and reliability. During bench top stability (BT) testing, the matrix extract was kept at
ambient temperature for 17 hours. At the high—quality control level (HQC) and low—quality control
level (LQC), the percentage mean accuracy was found to be 97.05% and 94.43%, respectively, with
percentage coefficients of variation (%CV) of 1.63% and 1.91%, respectively.
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Table No 2: Stability of Ibuprofen under different conditions (n = 6)
Calculated conc.

it NominalConc. -
Stozagecondition omina LOHC ( (ng/mL)Mean,stability 9% Change
ng/mL) Samples+SD
BenchTopStability; 17hours
HQC 30000.000 20114.7632+473.37037 2.5
LQC 600.000 566.5952+10.79938 SEf
Extract at Ambient Temperature; 20 hours
HQC 30000.000 28611.2142+367.30237 s
LQC 600.000 564.1322+7.13986 =
Long Term Matrix Stability; 122 days, -20°C
HQC 30000.000 32839.7153£1631.02859 e
LQC 600.000 624.8410£23.30277 414
Long Term Matrix Stability; 122 days, -70°C
HQC 30000.000 31265.2728+942.41893 g2
LQC 600.000 603.2312+24.85804 0ss
Freeze&ThawStability; VCycles,-20°C
HQC 30000.000 28852.35232266.10422 383
LQC 600.000 568.7373+6.48672 21
Freeze&ThawStability; VCycles,-70°C
HQC 30000000 28969.1815+363.52222 S
LQC 600.000 562.4243+7.75066 0

Next, the stability of the extract was evaluated in the refrigerator at 5+3°C for 68
hours. The mean accuracy at HQC and LQC levels was 95.93% and 94.02%, respectively,
with %CV values of 1.48% and 1.59%, respectively.

Additionally, stability testing of the extract in the autosampler at 10°C was performed
for 68 hours. The mean accuracy at HQC and LQC levels was 95.50% and 93.03%,
respectively, with %CV values of 1.43% and 0.96%, respectively.

Moreover, the stability of the extract on the benchtop (SE) was examined for 20 hours
atambient temperature. At HQC and LQC levels, the mean accuracy was 95.37% and 94.02%,
respectively, with %CV values of 1.28% and 1.27%, respectively.

Freeze-thaw stability (FT) testing was conducted with one cycle at 20+5°C and 70
+15°C. At20+5°C, the mean accuracy was 96.18% with a %CV 0f0.49%, while at 70 £15°C,
it was 96.12% with a %CV of 0.90%. For the V cycle, at 20+5°C, the mean accuracy was
96.17% witha %CV 0f0.92%, and at 70 £15°C, it was 96.56% with a %CV of 1.25%.

SUMMARY

The analytical system underwent a comprehensive evaluation to ensure its reliability
and effectiveness. System suitability criteria included % CV of analyte RT, ISTD RT, and area
ratio below 1.48%. Performance criteria required peak area = 76.3, with interference <1.31%
(analyte) and <0.03% (ISTD) before ULOQ. Analyte carryover after ULOQ and interference
at LLOQ were also assessed. Selectivity assessment showed minimal interference, with all
plasma lots passing. Hemolysis and lipemia effects on accuracy were observed, with % Mean
Accuracy ranging from 92.20% to 97.42%.Recovery assessment indicated % Recovery
values of 72.22% to 83.67% for the analyte and 74.89% to 85.43% for ISTD across different
QClevels. % CV for recovery ranged from 6.61% to 7.55%.Matrix effect evaluation revealed
variability across QC levels, with % CV of 0.73% to 1.16%.Sensitivity assessment
demonstrated precision (%CV) of 1.82% to 2.35% within runs and 9.45% to —1.72% between
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runs. Precision Bias assessment showed % Bias ranging from —6.47% to 4.13% for different
QC levels.Dilution Integrity testing showed a % CV of 0.43% (1/2 dilution) and 0.58% (1/10
dilution) with % Mean Accuracy of 98.37% and 100.46%, respectively.Ruggedness
assessment across analysts, columns, and equipment showed %CV ranging from 0.77% to
2.34%, with % Mean Bias from -6.47% to -0.65%.Stability testing of solutions and extracts
under various conditions demonstrated % Mean Stability and % Mean Accuracy ranging from
93.03% to 100.74%.0verall, these evaluations ensure the reliability and effectiveness of the
analytical system, providing confidence in the accuracy and precision of the measurements
across different conditions and QC levels.

CONCLUSION

Thus, the objective of the project is to develop and validate suitable methods for the
estimation of unknown concentrations of drugs in plasma. It can be used for the quantitation of
Ibuprofen from K2EDTA-based Human Plasma in Bioequivalence and Bioavailability
Study.The method is considered specific, sensitive, linear, precise, accurate, and
reproducible; for the extraction and analysis of Ibuprofen in K2ZEDTA human plasma samples
within the investigated concentration range of 200.000 ng/mL to 40000.000 ng/mL using a
0.100mL processing volume. A highly accurate, sensitive, specific, and reproducible LC—
MS/MS method for the quantification of Ibuprofen using commercially available IS From
small Volumes of human plasma with a simple Protein Precipitation process was developed
and validated. The developed and Validated analytical method was found to be simple, rapid,
specific, reliable, accurate, rugged, and high—throughput method, and more precise and cost—
effective than reported methods.
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All people can easily learn to pronounce medicinal plants, which are
helpful in treating a variety of illnesses for which allopathic medicine is
ineffective. These days, increasing human fertility while using birth control is
one of the main issues. This audit presents a brief overview of updated data on
medicinal plants that are used to counteract the richness movement and can
be rationally demonstrated. This review actually shows that it's time to
expand on the experimental research being done to find medicinal plants,
plant extracts and their active ingredients should also have their mechanisms
studied. This review establishes a solid framework for further research into
the effectiveness of plants that women currently use as traditional antifertility
remedies.

INTRODUCTION

A global hunt is underway for antifertility drugs to address the issue of the
"Population Explosion." India's population has surpassed 140 crores people and is growing at
an alarming rate. As a result, people from all areas of life are increasingly concerned about
controlling fertility. Plants are becoming preferred over synthetic contraceptives in recent
years due to their accessibility, affordability, and lack of negative side effects.

More individuals move to India each year than to any other country in the globe. In
India, there are roughly 51 births every minute.

Poverty, illiteracy, high fertility, a sharp fall in death rates, and immigration from
Bangladesh and Nepal are the main causes of India's fast expanding population. India,
concerned about the rate of population growth, took action to slow it down early on. In 1952,
India became the first nation in the world to implement a population policy. The country's
fertility rate decreased dramatically as a result of the family planning initiative, which had
several notable results. Although the ultimate aim was not met, the initiatives yielded some
positive benefits, and India's population has expanded nearly threefold since gaining
independence from Britain in 1947. China's 'One Child Policy', implemented in 1978, has
prevented population growth in China, but India has failed to restrict population growth

despite nearly all of its aims.
According to the Census of India (2011), the strategy is said to have avoided between
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250 and 300 million births between 1978 and 2000 and 400 million births between 1979 and
2010.

Pregnancy prevention is one way to control population increase. As a result, research
on contraception in both humans and animals has been crucial. Surgical techniques including
hysterectomy, ovariohysterectomy, ovariectomy, and tubal ligation, as well as nonsurgical
techniques like hormonal applications, are commonly used forms of contraception today.
These techniques to limit the population expansion of humans and animals may be expensive
or difficult to implement.

As a result, attempts are being made globally to produce substitute contraceptive
techniques that are safe, effective, reversible, affordable, and, most importantly, accepted by
all.

The IUD, oral contraceptive tablets, condoms, male and female sterilisation, and the
IUD are the five forms of contraception that the public sector offers. Health professionals
remove, simply do not introduce, or assign low priority to methods that are viewed as less
effective (e.g., pessaries, spermicides, and diaphragms) or contentious (e.g., injectables,
implants) from the public programme (India and Family Planning: An Overview). Because
oral contraceptive is reversible, convenient, and effective, it is one of the most widely used
family planning methods. Antifertility drugs are still being used to address the issue of
population explosion, which could have a negative influence on a family's finances and health
as well as society at large, particularly in emerging nations with rapid population expansion
like Ethiopia. (Shaha and Jhadeb, 2018)

Hormonal contraceptive use is already prohibited in many countries due to its
carcinogenic effects. It is imperative that safe and effective herbal contraceptives be
discovered immediately. Even the most primitive members of ancient societies used herbal
contraceptives to manage their fertility and avoid getting pregnant. Despite the fact that
conventional medicine has identified some significant contraceptives (anti-fertility drugs) for
women, their use and acceptance among women are limited because of certain unfavourable
side effects.

Obesity, cholelithiasis, stomach issues, cervical and breast cancer, asthma, and
venous thromboembolism are among the frequent side effects.

Although there are numerous hormonal preparations available for this purpose, side
effects are a possibility. Therefore, it is suggested to look for a suitable product made from
locally grown medicinal plants that could successfully be used in place of the "Pill."

The World Health Organisation recommended using locally accessible, potent plants as
medication substitutes. They developed a population control programme that incorporates
research on conventional medical procedures because the population explosion is a major
contributor to pollution and poverty in developing nations. Controlling fertility is a matter of
national and international public health importance. The rate of unwanted pregnancies
resulting from current contraceptive methods is unacceptable. 94% of sexually active couples
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who report using some form of contraception experience 50% of unintended pregnancies at
conception. India has always been concerned about an increasing population, so medicinal
plants have been examined for potential contraceptive benefits and antifertility effects.
Increased use of contraceptive methods directly correlates with population growth, women's

empowerment, health, and development.
In addition, it acts as a stand-in for access to reproductive health services, which are

necessary to fulfil many of the MDGs, particularly those pertaining to gender equality,
HIV/AIDS, maternal health, and child mortality. Men who are willing to participate in family
planning have fewer options for effective, reversible, non-irritating, and highly expected
forms of contraception. Female contraceptive methods have always been given priority.
According to a WHO survey, 61% of men who use contraception do so because they want to
share responsibility or because they are motivated by issues with their female partner,
including 35% who have had a contraceptive failure.

Plants as a source of fertility control agent

Since humans have always used plants and their products as sources of medications
and therapeutic agents—even though synthetic drugs have become increasingly prevalent in
contemporary medical systems—the development of new fertility-regulating drugs from
medicinal plants is an appealing idea. In recent times, plant-based products have gained
popularity over synthetic drugs. The main reasons for this are their low toxicity and the fact
that these medicines have been used for a long time in traditional medical systems like
Ayurveda. Numerous initiatives have been used to promote family planning. (Goswami et al.,
2020). Since around 50 years ago, several plant species have been examined for their ability to
regulate fertility; as a result, national and international agencies have strengthened these
species (Purohit and Daradka, 1999). A thorough understanding of ethanobotany can be very
helpful in solving basic problems related to both the discovery and application of medicinal
plants, as well as the nomenclature identification of crude drug extract.

When given orally to female albino rats, the ethanol extract of the flowers of the Striga
senegalensis plant (family: Scrophulariaceae) has been shown to have antiimplantation
activity. 120 mg/kg of body weight is the dosage. In all of the treated animals, the implantation
of fertilised eggs was avoided. (Choudhury et al., 1998).

The antifertility effect of Ricinus communis seed extract was studied by Makonnen
et al. in 1999. It was discovered that the seed extract has abortifacient and anti-implantation
properties. Furthermore, it was noted that the guinea pigs' oestrus cycle was extended by the
seed extract. Significantly longer was the dioestrus phase as well. Without having a major
impact on the ovaries, the seed extract also decreased the weight of the uterus.

When mated female rats were given an aqueous extract of Cassia fistula seeds orally at doses
of 100 and 200 mg/kg body weight during the first five days of pregnancy, Yadav et al. (1999)
observed that this prevented 57.14% and 71.43% of pregnancies, respectively, while at doses
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of 500 mg, 100% pregnancy inhibition was observed.
According to Murugan ef al. (2000), in pregnant female rats, Alangium salviifolium

primarily produces abortificient activity and less estrogenic activity.

In folk medicine, Coleus barbatus extracts have been used to prevent pregnancy.
Before embryo implantation, 880 mg/kg of C. barbatus extract per day resulted in anti—
implantation and delayed foetal development. Additionally, the treatment during this time
may impede the development of the embryo. (Fernanda ez al., 2000).

The impact of Inula viscosa leaf on female rats was investigated by Nisreen et al. in
2001. It was demonstrated that the aqueous extract, which was given intraperitoneally on days
1-6 of pregnancy, completely prevented foetal implantation and significantly decreased blood
progesterone levels and the number of corpora lutea. On days 13—15 of gestation, however,
the administration showed signs of midterm abortion. The traditional reputation of this plant
as being abortificient was supported by the study's findings.

Anti-implantation and pregnancy-interrupting effects were examined in female
albino rats using petroleum ether, chloroform, ethanol, and distilled water extracts of the
aerial parts of the plant Rivea hypocrateriformis (Convolvulaceae). When it came to
significantly inhibiting implantation and interrupting early pregnancy, the ethanol extract was
found to be the most effective of these. The ethanol extract's antifertility effect was reversible
upon exogenous hydroxy progesterone administration. (Shivalingappaetal.,2001).

The effects of an ethanolic extract of Calotropis procera roots on female albino rats
were investigated by Kamath and Rana (2002). Ata dose of 250 mg/kg, there was a significant
anti-implantation (inhibition 100%) and uterotropic activity; no antiestrogenic activity was

found.
When adult female albino rats were given an ethanolic extract of Rivea

hypocrateriformis at doses of 200 mg and 400 mg, Shivalingappa et al. (2002) observed that
the rats developed an irregular estrous cycle, with shorter oestrus and metestrus and a longer
proestrous phase. During the trial period, treated rats showed a significant increase in atretic
follicles and a significant decrease in Graffian follicles and corpora lutea, indicating the
extract's antiovulatory effect.

Momordica charantia seeds were extracted using petroleum ether, benzene,
chloroform, and alcohol and given orally to adult female albino rats at a dose level of 25
mg/100g body weight for 30 days. The results showed increased uterine weight and prolonged
duration of the oestrus and metestrus, which may have been caused by the direct oestrogen
effect of the plants extracts (Sharanabasappa et al. 2002). Compared to other extracts, the
benzene extract of M. charantia seeds was more successful in bringing about these
modifications.

The ethanolic extract of Ferula hormonis has been studied by Homady et al. (2002) in
female mice for its antifertility, anti-implantation, and ovarian alternations properties. Female
mice's fertility was significantly reduced after an intragastric injection of this extract (3 mg/kg
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p
per day) for six weeks. In addition, fewer females were mated, fewer implantations were made

overall, and fewer foetuses survived as a result of it. Ovarian atrophy and a corresponding
increase in connective tissue were also linked to these modifications. Most ovarian follicles
have follicular atresia, and the ova displayed degeneration.

The effects of Mimosa pudica root powder on the oestrous cycle and ovulation in
female albino rats (Rattus norvegicus) in cycle have been documented (Valsala and
Karpagaganapathy 2002). When given intragastrically, Mimosa pudica root powder changed
the female Rattus norvegicus's oestrous cycle pattern. All rats lacked nucleated and cornified
cells. Leucocytes exclusively, similar to dioestrus were present in the smear and remained for
two weeks. Rats treated with the root powder showed a significant decrease in the number of
normal ova and a significant increase in the number of degenerated ova when compared to the
control group.

On the first seven days of pregnancy, oral administration of the powdered root of
Derris brevipes variety coriacea and its ethanolic extract were administered to female rats who
had been proven to be fertile. The dosages were 200 and 600 mg/kg body weight, respectively.
There was 50% anti-implantation activity in both doses of the same plant's root powder. Over
and above its anti-implantation activity, the ethanolic extract exhibits a greater abortifacient
type effect. (Badami ez al.,2003).

According to Gupta et al. (2003), the methanolic extract of the seeds of Chorchorus
olitorius Linn. and Cuscuta reflexa stem stopped the adult female mouse's regular oestrus
cycle and dramatically reduced the weight of the uterus and ovaries because ovarian

steroidogenesis was reduced.
In 2004 Ghosh and Bhattacharya assessed the initial anti-implantation efficacy of a

pure principle isolated from petroleum-ether (PE) and ethyl acetate (EAc) extracts, as well as
acrude alcoholic extract of Thespesia populnea seeds in female albino rats. Extracts of PE and
EAc showed notable anti-implantation activity of 60% and 48.6%, respectively.
Trigonella foenum-graecum seeds were studied in female rats by Bhinda et al. (2005).
Female rats were primarily in either the metestrus or dioestrus stage, according to the vaginal
smear that was checked every day of the treatment. After taking fenugreek, the fertility test
came back completely negative. Based on available data, it appears that T. foenum-graecum
seeds have antiestrogenic and antifertility effects on female rats.
The methanolic extract of Rumex steudelii's root has an antifertility effect, as

demonstrated by Gebrie et al. (2005).Litters were substantially fewer in number. Dose—
dependent outcomes were observed. The ovaries' and uterus's wet weights considerably

decreased. For a setamount of time, the contraceptive effect was noticeable.
The number of normal follicles in rats was significantly reduced by the polar fraction and

nonpolar fraction of the seed extracts of Azadirachta indica and Melia azedarach Roop et al
2005). The maximum reduction was observed with 6 mg of the polar fraction of Azadirachta
extract. This is in line with its anticonceptional agent use in folk medicine.



56 Ritu Jangid ef al.

In vitro and in vivo studies were conducted on the anti-fertility impact of Leonotis
ocymifolia leaf and root extracts in both aqueous and ethanolic forms. The ethanol leaf extract
had anti—fertility and anti-implantation properties of 37% and 20% respectively. The findings
of this investigation imply that the plant's leaves and roots may have hormonal characteristics
that can affect the rats' ability to reproduce. (Tafesse et al., 2005).

The anti steroidogenic activity of Ammania baccifera (L.) whole plant (EEAB) was
assessed by Dhanapal et al. (2005) in mature female mice ovaries using 90% ethanol extract of
the plant. The two main enzymes involved in ovarian steroidogenesis, A5-3B-hydroxy steroid
dehydrogenase (A5-3B-HSD) and glucose-6-phosphate dehydrogenase (G-6-PD), both
showed significant inhibition from the extract. The entire plant of Ammania baccifera (L.)
was extracted using ethanol and the study's findings suggested that this extract has anti
steroidogenic properties.

Thakur et al. (2005) examined the detrimental impacts on different reproductive
parameters in female rats of native Kamala (Mallotus philippinensis) seed ethanol extract.
The development of follicles, the quantity and quality of ovulated eggs, the formation of
corpora lutea the oestrous cycle, and the initiation and maintenance of pregnancy in treated
rats may have been impacted by treatment with a higher dose of seed extract (100 mg/kg bwt.),
which significantly decreased serum levels of FSH, LH, and estradiol.

When Nivsarkar et al. (2005) examined the impact of a water extract of Hibiscus rosa—
sinensis leaves on female mice undergoing pregnancy, they discovered that the extract had
anti-implantation activity. Additionally, the extract demonstrated antiestrogenic properties.
Subsequent research revealed that Hibiscus rosas-inensis Linn. roots have a potent anti—
implantation and uterotrophic effect in their ethanolic extract. This anticontraceptive effect
may be caused by the extract's estrogenic properties. (Vasudeva et al., 2007).

The effect of mineralo-herbal preparation was investigated in Sprague-Dawley rats
by Srivastava et al. (2005). The study revealed a significant decrease in the number of
implantations in the female rats, no apparent negative effect of the treatment on early post—
implantation event, and normal appearance of all implantations in both groups with no sign of
resorption.

At doses of 300 and 600 mg/kg body weight orally, female albino rats showed
abortificient activity when exposed to petroleum ether, chloroform, ethanol and distilled
water extract of the fruit of the plant Balanites roxburghii (Padamshali ez al. 2006).

Yadav and Jain (2006) investigated the impact of an oral petroleum ether extract of the
rhizome of Curcuma longa on female rats, and found that the extract inhibited fetal
implantation.

One common native herb in India is Achyranthes aspera Linn. (Amaranthaceae). As
an abortifacient, it has been used traditionally. 200 mg/kg body weight of the ethanol extract
taken orally demonstrated anti-implantation activity. (Vasudeva and Sharma, 20006).

When Lakshmi et al. (2006) examined the effects of powdered fruits of Piper longum
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and its various fractions on female rats, they discovered that the hexane fraction of the crude
extractand its various fractions had an antifertility effect.

The potential antifertility effect of Asparagus africanus leaves and roots was

investigated in rats using ethanol and aqueous extracts (Tafesse et al. 2006). The roots and
leaves ethanol and aqueous extracts both displayed anti-implantation properties.
The effects of an aqueous extract of Erythrina falcata on mouse pregnancy were studied by
Orihuela and Ishiyama (2006). When consumed by mice in the early stages of pregnancy the
aqueous extract of E. falcata disrupts the development of the pre implantation embryo and its
implantation. These findings offer the first empirical proof of E. falcata aqueous extract
contraceptive effects.

The antifertility effect of dried Woodfordia fruticosa Kurz flowers was studied by
Khushalani et al. (2006) in female albino rats. According to the results the alcoholic extract
exhibited strong abortifacient activity while the hydroalcoholic and aqueous extracts
displayed only moderate activity in comparison to the control.

The effects of Anethum graveolens L. (dill) extracts on the female reproductive system
were investigated by Monsefi et al. (2006) in 6 groups of fiftyfour wistar female rats with
regular estrous cycles. For ten days, the experimental groups were given a combination of 0.5
g/kg and 5 g/kg of ethanol extract and 0.045 g/kg and 0.45 g/kg of aqueous extract. The length
of the estrous cycle, the diestrus phase, and the progesterone concentration all significantly
increased in response to treatment with a high dose of the extract.

The ethyl acetate soluble fraction of the ethanolic extract of Aristolochia bracteolate
was investigated by Nataraj et al. (2007) in female rats, and it was discovered that the plant
extract had anti-implantation and abortificient properties both pre—and post-coital.

The number of implantation sites, number of neonates, and weight of newborns were all
significantly reduced when Physalis alkekengi extract was administered during days 1-5 of

pregnancy, as demonstrated by Azadeh et al. (2007).

Ravichandran et al. (2007) demonstrated that in immature ovariectomized rats
Ailanthus excelsa possesses a potent anti-implantation and abortificient property. Significant
antiestrogenic activity results from the simultaneous administration of extract and ethinyl
estradiol.

The impact of Calotropis procera roots on the biochemistry of the reproductive
organs of rats that their ovaries removed was investigated by Ahirwar et a/. in 2007. They
came to the conclusion that the strong estrogenic nature of the alcoholic extract of C. procera
modifies the biochemical environment of the reproductive tract, changing the normal state of
reproduction in the female rat reproductive tract and producing a notable antifertility effect.

In Assam, a province in northeastern India, a particular ethnic group of women uses
the powdered dry root of Polygonum hydropiper extensively for fertility control. This
practice is ingrained in the folk women of Assam. In their 2007 study. Hazarika and Sarma
examined the antifertility properties of a crude methanolic extract of this plant's root in female
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albino rats. The findings show that Polygonum hydropiper roots contain one or more steroidal

or estrogenic compounds that may have an impact on rat female reproduction.

It is known that Ricinus communis seeds have long been used as an oral
contraceptive. Sani and Sule (2007) have investigated methanol extracts from plant seeds.
After the mice were given a subcutaneous dose of 200 mg/kg body weight once just prior to
mating, the extracts caused anti-implantation activities in white albino mice.

When given to colony-bred adult Sprague-Dawley rats during the preimplantation
and/or peri-implantation phases, the pregnancy interceptive effect of Calotropis gigantea
Linn. roots was evaluated by Srivastava et al. (2007). Rats treated with a single oral dose of
100 mg/kg of the ethanolic extract of C. gigantea Linn. roots on Day 1 post-coitum showed
100% pregnancy interceptive activity.

They made the suggestion that this plant's products could be developed as human-use
contraceptives. In a 2007 study, Ganguly et al. examined the antifertility effects of
Cissampelos pareira (Meenakshi) Linn. leaf extract in female albino mice.

Keshri et al. (2007) examined the ability of Dysoxylum binectariferum Hook. f. stem
bark, given orally to adult female Sprague Dawley rats, to prevent pregnancy during the pre—
and peri-implantation stages as well as right after implantation. Rohitukine, an alkaloid found
in chloroform extract, was partially (45%) effective in preventing pregnancy when given at a
dose of 10 mg/kg on Days 1-7, but it was not effective at all during the entire preimplantation
period.

The effects of Aspilia Africana methanolic extract at varying dosages on the uterine
weights, histology and estrous cycles of twenty—five cyclic female rats were investigated
(Oluyemi et al. 2007). The rats were divided into five groups at random and given, in that
order, 100 mg/kg, 150 mg/kg, 200 mg/kg, 250 mg/kg, and 300 mg/kg of body weight.
Histology showed dose-dependent toxicity and a significant reduction in estrous cycles.

The impact of a 50% ethanolic extract of the Piper betle (Petiole) on female wistar
strain albino rats (Rattus norvegicus) was investigated (Sharma ez al. 2007). Based on the
data, it appears that the ethanolic extract of P. betle had antiestrogenic and antifertility effects
on female rats. P. betle extract has temporary, non-toxic effects.

Mandal and Dhaliwal (2007) examined the effects of oral administration of Melia
azedarach Linn. (dharek) seed extract on the uterine weight, several histological and
biochemical parameters of the uterus, and the fertility index of adult cyclic wistar rats.
Examined were the average number of embryos and implantation losses in the pregnant
animals treated with dharek seed extract. The average number of embryos and fertility index
decreased in the mated rats treated with dharek extract, as per the findings. This leads one to
the conclusion that incorporating this plant extract into a rodent control programme could
enhance socioeconomic conditions in society.

The ethanolic extract of Hibiscus rosa-sinensis Linn. roots has been shown by
Vasudeva and Sharma (2007) to have potent anti-implantation and uterotrophic properties.
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This extract's estrogenic quality might be the cause of its anticontraceptive action.
Citrus medica seed petroleum ether extract had estrogenic activity, which suggests it
could be used as an antifertility drug, according to Sharangouda and Patil's (2008) study on the

effects of the extract on immature albino rats.

The effects of Spondias mombin leaf extracts on female rats reproductive
performance were examined in a study conducted by Chukwuka et al. (2008). Owing to the
extract's direct effect on the uterus, S. mombin's aqueous ethanol leaf extract exhibits strong
anticonception properties.

The effects of alcoholic extract of neem flowers on cyclic adult SpragueDawley rat's
estrous cycle, ovulation, fertility, and foetal morphology were investigated by Gbotolorun et
al. (2008). The administration of an alcoholic extract derived from neem flowers caused
partial blockage of ovulation and upset the estrous cycle in Sprague-Dawley rats, suggesting

that this extract could be developed into a female contraceptive.

The stem bark of Wrightia tinctoria was given orally to adult female Sprague-Dawley
rats during the pre implantation, peri-implantation, and early post implantation periods in
order to study its pregnancy-interceptive activity. Keshri e a/. (2008) found that 100% of the
rats were unable to conceive while the stem bark ethanolic extract was used.

The effects of Nelumbo nucifera as an antifertility agent in female rats were
investigated by Mutreja et al. (2008). The findings imply that Nelumbo nucifera seeds have
anti-estrogenic properties without changing the female rats' overall physiology.

Yakubu et al. (2008) investigated the effects of an aqueous extract of Cnidoscolous
aconitifolius leaves on the reproductive hormones of female Wistar rats. The extract
significantly decreased the levels of estradiol, progesterone, follicle stimulating, and
luteinizing hormones. These changes in reproductive hormones suggest that the extract has a
negative effect on follicle maturation and ovulation, which may lead to decreased fertility and
conception in female rats. As a result, Cnidoscolous aconitifolius leaf extract may be
investigated as a contraceptive for women.

Morovati et al. (2008) investigated the reversible infertility and spontaneous abortion
characteristics of Azadirachta indica A. Juss., commonly known as neem. Neem Azal-T/S®
appears to be a natural and relatively safe infertility agent for controlling dangerous rodents,
based on the study's findings.

Govindaraj et al. (2009) investigated the effects of ethanolic extract and powdered
roots of Derris brevipes variety coriacea in female rats that had been shown to be fertile. They
discovered that both the ethanolic extract and the powdered roots had anti-implantation and
abortifacient properties.

The ethanolic extract of Allium cepa Linn was evaluated for its antifertility activity
by Thakare et al. (2009). After treating a patient with an ethanolic extract for 300 mg/kg, there
was a notable reduction in the number of implant sites. This was due to the significant
antifertility activity of the Allium cepa extract. The anti-implantation activity of Allium cepa
can be primarily attributed to its antifertility activity, as there was no alteration in ovulation
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during the current study.

Madhavan et al. (2009) used an anti-implantation model in female Wistar rats to
investigate the antifertility activity of alcohol and aqueous extracts of the whole plant of
Drosera burmannii Vahl (Droseraceae). Significant antifertility activity was also shown by the
aqueous extract, which may have been caused by additional phytoconstituents like sterols and
flavonoids.

The antifertility qualities of Plumbago zeylanica Linn. (Plumbaginaceae) leaf extracts were
assessed by Edwin et al. (2009) in their study. The rat's estrous cycles were most effectively
broken by the acetone and ethanol extracts. The animals showed signs of a temporary
inhibition of ovulation, corresponding to a prolonged dioestrous stage of the oestrous cycle.
When treatment was stopped, the antiovulatory effect was reversible.

The effects of ethanol extract of the entire Trichosanthes cucumerina L. var.
cucumerina plant on antiovulatory activity in adult rats were investigated ( Kage et al. 2009).
The results demonstrated that the ethanol extract of the entire Trichosanthes cucumerina L.
var. cucumerina plant had antiovulatory effects on female albino rats.

According to Bhaskar ez al., 2009 ethanol and aqueous extracts of the dried stem bark
of the Crataeva nurvala buch-Hum (Capparidaceae) plant significantly reduced rat fertility.
At dose levels of 300 and 600 mg/kg b.wt, respectively, ethanol and aqueous extracts showed
partial and complete resorption of implants.

In 2009, Savadi et al. studied the anti-implantation and abortifacient properties of
Heliotropium indicum (Boraginaceae) leaf extract in female Albino rats. N-hexane has been
demonstrated to have superior anti-implantation activity compared to ethanolic extract and
benzene fraction.

According to Sakila et al. (2009), Andrographis paniculata (AP) plant female rats
exhibit antifertility effects. This is because the plant's lower hormone levels cause a
comparatively high percentage of infertility in female rats. According to Gupta (2009), an
antiestrogenic petroleum ether extract was discovered from Catharanthus roseus leaves that
had been exposed to mice.

Petroleum ether (60—800), chloroform, acetone, ethanol, and aqueous extracts of
Plumbago rosea leaves were studied by Sheeja et al. (2009) to determine the estrogenic
activity of acetone and ethanol extracts in female albino rats and their impact on the estrous
cycle. Significant estrogenic and antiestrogenic activity was demonstrated by both extracts. P.
rosea leaf extracts in acetone and ethanolic form have antifertility properties.

The ethanolic extract of Plumbago indica roots and aerial parts of Aerva lanata was
found to have anti-implantation and abortificient properties (Savadi and Alagawadi 2009).
The antifertility potentials of Curcuma longa rhizome and Carum carvi seeds were
investigated (Thakur et al. 2009). The current investigation, which looked for
endocrinological and physiological alterations in the female albino rat's reproductive systems
following oral administration of varying dosages of aqueous and ethanolic extracts of
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Curcuma longa and Carum carvi revealed a strong antifertility effect.

In female rats, Salman ez al. (2009) investigated the embryotoxic and contraceptive
effects of Onosma armeniacum root extract (A-1). The rat contraceptive effect may be
attributed to the shikonin content of A-.

According to Yadav et al. (2009), female albino rats that have been shown to be fertile
were given doses of 100, 200 and 500 mg/kg b.wt./day of a petroleum ether extract of Cassia
fistula seeds to test for antifertility. Because of its anti-implantation activity, the petroleum
ether extract of Cassia fistula seeds has the potential to terminate pregnancy, according to the
results.

The effects of Aspilia africana leaf extract on the oestrous cycle and ovulation in adult
female wistar strain rats were investigated (Oyesola et al. 2010). The findings indicate that
Aspilia africana leaf aqueous extract alters the oestrous cycle and adversely affects ovulation
in wistar strain rats in a dose-dependent manner, thereby having an antifertility effect.

The antifertility activity of Curcuma aromatica Salisb's rhizomes was examined by
Trishna et al. (2010) in female rats using both an ethanolic and an aqueous extract. The
pregnancy was stopped by the plant's ethanolic and aqueous extract.

The impact of a methanolic extract of Abrus precatorius seeds on the Sprague-Dawley
rat's estrous cycle, ovulation, and foetus implantation is examined (Okoko et al. 2010). The
regularly cyclic rat's estrous cycles were temporarily disrupted and all treated rat's ovulation
was totally blocked by the methanolic extract of A. precatorius. In Sprague-Dawley rats,
methanolic extract of A. precatorius seeds totally inhibited ovulation and produced reversible
changes in the estrous cycle pattern. Furthermore, the extract exhibited anti-implantation
activity and the capacity to impact the overall foetal morphometry inrats.

Mishra et al. (2011) investigated the ovaro-uterotoxic and antifertility properties of
Calotropis gigantea Linn extracts. The results indicate a potent antiestrogenic and
antiprogestagenic effect of the extracts.

Female albino rat's reproductive systems may be adversely affected by the aqueous

and ethanolic extract of the stem bark of Hymenocardia acida (Hyacinth and Nwocha, 2011).

Cynodon dactylon and fenugreek seed extract were shown to have antifertility effects
on female rats and mice with irregular estrous cycles and a trend towards folliculogenesis
(Nayanataraetal.2012)

The effect of oral administration of Caesalpinia bonducella seed extract (ethanolic)
on the reproductive system in female albino rats was investigated (Lilaram and Nazeer 2012).
The treatment significantly extended the duration of the diestrus stage while also prolonging
the estrous cycle, according to the results. Estradiol, progesterone, LH, and FSH all showed
marked declines. Significant reductions in uterine and ovarian weight were observed.
Follicular atresia and corpora lutea degeneration were observed in the ovary through
histoarchitectural observations. Mucosal folds and epithelial cells displayed degeneration in
the oviduct. Endometrial glands and endometrial epithelium degeneration were evident in the



62 Ritu Jangid et al.

uterus. [t was discovered that the vagina's muscularis layer and lamina propria were somewhat
disorganised. The antiestrogenic properties of seed extract may account for a notable drop in
hormone levels, weight loss in the reproductive organs, and changes in the histoarchitecture of
the reproductive organs.

Alcoholic and aqueous extracts of Dolichandrone falcata leaves were found to have
an abortifacient effect on the estrous cycle of female albino rats (Zade et al. 2012). The leaf
extracts of Dolichandrone falcata, both alcoholic and aqueous, exhibited a potent
abortifacient activity (100%) at dosage levels of 200 mg/kg and 400 mg/kg body weight. The
diestrous phase of the estrous cycle, in particular, was found to have significantly prolonged.

Solanum xanthocarpum seed powder reduced the weight of the genital organs and
changed the ovary and uterus histopathologically, which resulted in complete control over
reproduction (Singh & Singh, 2013).

Methanolic extract of Piper betel Linn (PBL) was found to have an antifertility effect
on female albino rats in a study conducted by Ranjan et al. (2013). The number of estrus phase
rats decreased in a dose-dependent manner. Proestrus, metestrus, and diestrus phases of the
estrus cycle were all observed in the PBL treated group with no discernible variation. Every rat
given PBL extract experienced the onset of anestrus phase, whereas the control group did not
experience this.

Yadav and Jain (2013) examined the uterine histoarchitecture of immature bilaterally
ovariectomized female albino rats treated with Cassia fistula seed petroleum ether extract,
both in the presence and absence of estradiol valerate (EDV).

Administration of a single dose of 100 mg/kg b.wt. of Cassia fistula seed extract in
petroleum ether. caused uterine wet weights to increase (p<0.05) as well as the height of
luminal epithelial cells (p<0.001), but it did not cause the vagina to open prematurely.
According to this, the extract may have had a slight estrogenic effect when taken by itself, but
when combined with EDV (0.1 mg/kg b.wt.), the extract dramatically (p<0.001) reduced the
uterotrophic effect caused by oestrogen, demonstrating the extract's antiestrogenic properties
when strong oestrogen is present. Consequently, the findings suggest that the extract has
antiestrogenic properties, which may account for the anticonceptive effect, at least in part.

In Central Kalimantan, the Dayak people use Blumea balsamifera, Croton tiglium,
Metroxylon sagu, and Fagraea racemosa as traditional antifertility remedies. Swiss Webster
(SW) mice are used in this study to investigate potential plant antifertility. For eight days,
female SW mouse subjects received oral doses of 0.26 mg/kg body weight (b.w.) of extracts
from B. balsamifera, C. tiglium, M. sagu, and F. racemosa in order to study their estrous cycle.
The findings demonstrate that all of the conventional plant extracts inhibit the estrous cycle,
especially during the metestrus and estrus phases. The number of live foetuses, corpus
luteum, and body weight of the treated dam mice have all decreased, according to the
reproduction display. The extract's antifertilty effect is attributed to inhibiting foliculogenesis,
which further reduces the corpus luteum and foetuses. When compared to other traditional
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plant extracts, the B. balsamifera extract appears to have greater potential for antifertility
activities out of the four extracts that were tested (Haryono et al. 2013).

CONCLUSION

In conclusion, it is clear that the study of medicinal plants is important for
understanding antifertility. Natural antifertility suppliers provide a promising outcome by
lowering the number of undesirable medication side effects, even in the face of the vast array
of commercially available oral contraceptives on the market. Research on conventional
medications is moving forward at a rapid pace due to their safety and lower production costs.
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get safe and therapeutically active agent . In-vitro evaluation is one of the
authentic way to ensure the quality, bioavailability as well as optimum
therapeutic activity of drug. The main therapeutic activity of Furosemide
tablet is diuretic and also utilized for treating high blood pressure and
oedema. This study aimsto compare two different kinds of furosemide 40mg
tablets, where one type is sale as generic name and another type is sale as
branded product in Indian market, to verify if they meet their claims
according to Indian Pharmacopoeia (IP) limits for such products. The quality
of furosemide or frusemide in the tablet formulations was determined by
testing batches of furosemide tablets sold in India for characteristics such as
weight uniformity, hardness, disintegration, friability, and an assay based on
spectro photometry. Furosemide 40 mg tablet batches have been tested for
furosemide content and found to be within the acceptable range established
by the Indian Pharmacopoeia.

INTRODUCTION

When taken orally, furosemide tablet is a powerful loop diuretic that works on the
kidneys to enhance water loss in the body. It's chemically related to anthranilic acid. Edema
caused by illnesses including high blood pressure, kidney failure, liver failure, heart failure,
may be treated with furosemide tablets. This medication has the potential to increase urinary
water loss and decrease renal electrolyte reabsorption. The tablet form of furosemide, which
has a rapid onset but short duration of action, has been used successfully in both children [M.
M. Parker, J. A. Hazelzet, and J. A. Carcillo (2004)] and adults. In therapeutic circumstances
when a medication with a stronger diuretic capability is needed, frusemide tablets are very
useful. Patients who are unable to take oral medication or who are in emergency clinical
situations may also be administered furosemide by intravenous or intramuscular
injection'[ Arafat M, Ahmed Z, Arafat O(2017)].
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IUPACname :4-ChloroN—furfuryl-5—sulfamoylanthranilicacid[Benet
LZ.(1979)]
Formula :C12H11CIN205S
o SR
O
HoN
-~ S\
3
O O Cl

Fig. 1: Structure of Furosemide

Molar mass :330.74g-mol—-1
Physical appearance:  White slightly yellow crystalline solid

Presence of ring: Furan, phenyl
Number of chiral centers : Not present
General uses of Furosemide tablets are

Treatment of edema related to Congestive Heart Failure [Arafat M(2015)],renal
diseases along with liver cirrhosis,.

Management of mild to severe hypertension and pulmonary edema [Mohamed M,
Siaan KAA, AlmarzoukiA, Anwair MA(2015)]
Side Effects of Furosemide tablets are Fainting, Allergic reactions,
Dehydration,Drymouth,Musclecramps,Photosensitivity,Stomachcramps, Loss of appetite,
Lowblood potassium and sodium levels, Diarrhea, Fatigue, Dizziness, Vomiting, Blurred
vision, and Nausea [Dires T.A (2005), Murthy, K. S. Ghebre-Sellassie, I Murthy, K. S.
Ghebre-Sellassie, 1(1993), Murtaza, G. Khan, S. A., Naham-ul-Haq, M. Hussain(2014),
Lindenberg, M. Kopp, S. Dressman, J. B.(2004)].

MATERIALS AND METHOD

Materials:- 10 strips of generic Frusemide tablets (40 mg) were collected from the local
hospital of South Midnapore in West Bengal and10 strips of LASIX 40MG TABLET which
contain Frusemide 40 mg as label claim, were collected from the local retail shop of South
Midnapore in West Bengal. All other ingredients were taken as an analytical grade.

Methodology: Frusemide tablets (40 mg) are physically inspected and found to be correctly
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strip packed and intact with the correct product information, including the name,
manufacturing and expiration dates strength, manufacture country, pack size, and National
Agency for Food and Drug Administration (NAFDAC) registration number. Furo A [26] is
the label for the generic 40 mg Frusemide tablets, while Furo B is the label for the LASIX
40MG TABLET [Granero, G. E. Longhi, M. R. Mora, M. J. Junginger (2010)]. Forty (40)
pills from each brand were chosen at random and used for the following analyses:

Table 1: List of materials required for evaluate Furosemide tablet

GlassApparatus Chemicals Equipments

1000 ml1,100 ml and 50 ml Ethanol Digital Weight Balance

Volumetric flask

500 ml & 100 ml Distilled water Hardness tester

Measuring Cylinder

Glass rods 4— Friability Tester
dimethylaminob
enzaldehyde

250 ml &500 ml Beaker Sodiumhydroxide Disintegrator

Motor and pestle Potassium di-hydrogen Dissolution machine
phosphate

Filterpaper No.1 UV-VIS Spectrophotometer

5 ml & 10ml Pipette

Identificationtest

1)When examined in the range of 220nm to 360nm, thefinal solution obtained in the Assay
shows three absorption maxima at about 228nm, 271nm, and 333nm. The ratio of the
absorbance at the maximum atabout 228nm s 0.52 t0 0.57.

2)Shake a quantity of the powdered tablets containing 80mg of frusemide with 10 ml of
ethanol(95%), filter, and evaporate the filter/filtrate to dryness. Dissolve 25mg of the residue
obtained in 2.5ml of ethanol (95%) and add 2ml of 4-dimethylamino benzaldehyde reagent, a
green color is produced which changesto deep red[Qureshi, S. A. McGilveray, 1. J.(1998)].

Uniformity of weight test

Twenty pills were chosen randomly from the strip—packed blisters of each batch. A
digital analytical balance (Wensar®, India) was used to weigh the tablets both individually
and in bulk [Azoulay P(2002)]. The average, variation coefficient, and standard deviation
weights were calculated [Maggio, R. M. Castellano, P. M. Kaufman, T. S.(2008)].

Hardness test

The hardness/crushing strength of ten furosemide pills was measured utilizing a
Mosanto® [30] tablet hardness tester, and the results varied widely across batches
(Monsanto, India)[ Yong, K. H. Simionato, L. D. Calvo, R. G. Mattei, M. B. Segall, A.
1.(2014)]. For each batch, we calculated the average crushing strength, variation coefficient
and standard deviation.
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Friability test

Fi. 2: Mosanto® tablet hardness tester(Monsanto, India)

A total of twenty pills from each brand were utilised in the study [Abdelbary G,
Prinderre P, Joachim J, Reynier J, Piccerelle P.(2005)]. Tablets were dedusted by blowing air
on them, then weighed before being rotated at 25rpm for 4minutes in a Veego twin drum tablet

F

e

Fig. 3 : Veego twin drum friability
test apparatus (Veego®, India)

friability test device (Veego®, India).
Friability (F) was determined by dividing the
tablets' pre-test weight (Wo) by their post-test
weight (Wf) using equation below. For each
batch, two separate analyses were performed.
F>[Wo-W{/Wo] x100%

Disintegration test

To conduct the analysis, six furosemide
pills were picked at random from both the
generic and brand-name samples. Each tablet
was placed on a glass disc and then placed into
the cylindrical hole of one of the disintegration
tester's (Veego® VTD-D double basket, India)
six holes. 500 mL of 0.1 NNaOH at37+0.5°C
were placed in each beaker. Time was recorded

as six pills were allowed to disintegrate and travel through the mesh. There were three sets of

calculations done. Each reading's mean and
standard deviation were calculated. The sample
of furosemide pills was collected in the same
way[Anwar S, Fell JT, Dickinson PA(2005)].

Dissolution test

The release of furosemide's active
pharmacological component from various
batches was studied by analysing their
dissolving profiles (API). We employed
Labtronics® LT-720 six-station dissolving
apparatus (Labtronics®, India) [Ascion FJ,
Kirking DM, Gaither CA, Welage
LS.(2001)]. Phosphate buffer (pH 5.8) has
been added to each flask and 37+ 0.5°C was

test apparatus (Veego®, India)
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the maintained temperature while 50 rpm was the paddle speed for 60 minutes. At
predetermined intervals, 5 mL samples were taken from each flask containing one pill from
each batch.

After each removal, the removed samples were replaced with five (5) mL of
dissolving fluid kept at 37 + 0.5°C. To quantify concentrations, we used the previously
established calibration curve and a LABTRONICS model LT-2201 spectrophotometer
calibrated at271 nm to analyse filtered samples.

Fig. 5 : Six-station dissolution
test apparatus (Veego®, India)

Preparation of phosphate buffer solution:

Dissolve 6.8gm of potassium dihydrogen phosphate in1000ml of water and adjusted to pH
5.8 using 10M potassium hydroxide solution[38].

Assay

Weigh and powder twenty (20) tablets. Mix 0.1 g of furosemide tablet powder with
150 cc of 0.1 M sodium hydroxide for 10 minutes. Filter after adding enough 0.1M sodium
hydroxide to make 250 ml. The absorbance of a solution that has been diluted from 5ml to
200ml with 0.1M sodium hydroxide peaks at around 27 1nm. Using a specific absorbance of
580 at271 nm, determine the amount of frusemide (C12H11CIN205S) in a pill.

C——

Fig. 6 : UV-VISspectrophotometer
(Labtronics®, India)

Preparation of 0.1Msodium hydroxide solution:

Dissolve 4.2 gm of sodium hydroxide in sufficient carbon dioxide free water to produce
1000ml.

RESULTS AND DISCUSSION
The results of the physical tests conducted on the items are listed in Table 2. All
products were appropriately strip-packaged, with the correct API potency, and use-by dates.
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Product name, NAFDAC registration date of manufacturing and expiration, batch number,
and Manufacturer's address, pack size, were all printed large on the packets holding the strip
packs. Nothing had been tampered with, and all items were undamaged.

Table 2: Some relevant information on the package of two kinds of frusemide tablets

Sample Manufactur- = Manufactur- = Expiry date NAFDAC | Tablet

Code/batch -ing Country -ing Date status strength
FUROA India 06/2022 05/2024 Registered 40mg
FUROB India 01/2023 12/2025 Registered 40mg

Table3: Uniformity of Weight of two kinds of frusemide tablets
Tablet No. Weight of Generic table ts ‘Weight of Branded tablets
Tabl 0.13 gm 0.16 gm
Tab2 0.12 gm 0.16 gm
Tab3 0.13 gm 0.16 gm
Tab4 0.13 gm 0.16 gm
Tab5s 0.13 gm 0.16 gm
Tab6 0.13 gm 0.16 gm
Tab7 0.12 gm 0.16 gm
Tab8 0.13 gm 0.16 gm
Tab9 0.12 gm 0.16 gm
Tab10 0.13 gm 0.16 gm
Tab11 0.13 gm 0.16 gm
Tab12 0.13 gm 0.16 gm
Tab13 0.12 gm 0.16 gm
Tab14 0.13 gm 0.16 gm
Tab15 0.13 gm 0.16 gm
Tab16 0.12 gm 0.16 gm
Tab17 0.13 gm 0.16 gm
Tab18 0.12 gm 0.16 gm
Tab19 0.13 gm 0.16 gm
Tab20 0.13 gm 0.16 gm
Average weight of tablet 0.127 gm 0.160 gm

Weight variation of Weight variation of

Weight of generic tablets Weight of branded tablets

Tablet No Generic =Weight of each Branded =Weight of each

Tablets tablet tablets tablet — average

— average weight weight of

of tablets(0.127 gm) tablets(0.160gm)
Tabl 0.13 gm 0.003 0.16 gm 0
Tab2 0.12 gm 0.007 0.16 gm 0
Tab3 0.13 gm 0.003 0.16 gm (0]
Tab4 0.13 gm 0.003 0.16 gm (0]
Tab5s 0.13 gm 0.003 0.16 gm 0
Tabo 0.13 gm 0.003 0.16 gm 0
Tab7 0.12 gm 0.007 0.16 gm 0
Tab8 0.13 gm 0.003 0.16 gm 0
Tab9 0.12 gm 0.007 0.16 gm [}
Tab10 0.13 gm 0.003 0.16 gm 0
Tabl11 0.13 gm 0.003 0.16 gm 0
Tab12 0.13 gm 0.003 0.16 gm (0]
Tab13 0.12 gm 0.007 0.16 gm [0]
Tab14 0.13 gm 0.003 0.16 gm (0]
Tabl15 0.13 gm 0.003 0.16 gm 0
Tab16 0.12 gm 0.007 0.16 gm [}
Tab17 0.13 gm 0.003 0.16 gm 0
Tab18 0.12 gm 0.007 0.16 gm (0]
Tab19 0.13 gm 0.003 0.16 gm 0
Tab20 0.13 gm 0.003 0.16 gm (0]
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So, upper % deviation > (Average weight of 20 tablets—upper weight) x 100/Average weight
of20 tablets

In case of generic furosemide tablet upper % deviation>(0.127-0.13)x 100/0.127>2.36 %
In case of branded furosemide tablet upper % deviation>(0.160-0.16)x 100/0.160>0 %

Again, lower % deviation > (Average weight of 20 tablets—lower weight) x 100/Average
weightof 20 tablets

In case of generic furosemide tablet upper % deviation>(0.127-0.12)x 100/0.127>5.51%
In case of branded furosemide tablet upper % deviation>(0.160-0.16)x 100/0.160>0 %

Table5: Hardness of two Kkinds of frusemide tablets

SlotNo Hardness of Generic tablets Hardness of Branded tablets
Slot1 3.40 3.45
Slot2 3.40 3.50
Slot3 3.30 3.60
Average Hardness 3.36 3.52

Table 6: Friability of two kinds of frusemide tablets

Tablet (Friability of tablets)F=[Wo-W{/Wo]x100 %
20 generic tablets 0.79 %
20 branded tablets 0.31 %

Here,
Wo of generic tablets >2.54 gm

Wt of generic tablets >2.52 gm

Wo of branded tablets>3.20 gm
Wtofbranded tablets>3.19gm

Table7:Disintegration of two kinds of frusemide tablets

Sample| Serial number Result Average disintegration
time
Branded Tablet 1 8min 12sec 8min 15sec
tablets Tablet 2 8min 15sec
Tablet 3 8min 17sec
Generict Tablet 1 6min 15sec 6min 18sec
ablets Tablet 2 6min 18sec
Tablet 3 6min 20sec
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Table 8 : Dissolution of tw&kinds of frusemide tablets

Time(min) FuroA (generic tablet) in % | FuroB(branded tablet) in %
0 0 0
1 23.4 29.6
2 459 48.8
3 49.7 54.0
4 53.6 59.8
5 58.8 64.1
6 61.7 67.5
7 65.5 70.8
8 70.8 76.1
9 77.5 81.8
10 85.2 89.0
Identification as per mathod 1
Table 9: Spectrophotometric Table10: Spectrophotometric
reading for Branded Tablet reading for Generic Tablet
Wave Absorbance Wave Absorbance
length in length in
nm nm
228 0.085 228 0.067
271 0.047 271 0.036
333 0.039 333 0.028
So, 271 : 228 >0.047 : 0.085 S0,271 : 228 >0.036 : 0.067
>0.047/0.085 >0.047 / 0.085
>0.5529=0.5373 >0.036/0.067
Average weight Sample taken | Absorbance

0.16gm>160mg 0.032gm>32 |0.047
mg

Method No. 2 :—Both kinds of furosemide tablet powder comprising 40mg were mixed with
10 ml 0of 95% ethanol, shaken, filtered, and then evaporated to dryness. Green turns to deep
crimson when 25 mg of the resulting residue is dissolved in 2.5 ml of ethanol (95 percent)
and 2 ml of the 4-dimethylamino benzaldehyde reagent is added. Thus the sample changes
todeepred which means it contains ultimate quality of furosemide.

Here this identification test of furosemide tablet complies with both generic and branded
sample of furosemide.
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Tablel1: Data for For Branded frusemide tablets

Average weight | Sample taken Absorbance

0.127 gm>127mg | 0.02 gm > 20 0.036
mg

Calculation:—

1000x0.036x250x200x 127/100x580x20x 5
>39.4138 mg

>39.4138x100/40

>98.53%

Fig. 7 : UV-VISspectrophotometric absorbance of
both kind of furosemide tablets

CONCLUSION

Results from physical testing of both generic and brand-name 40-mg furosemide
pills indicated that both were authentic and had not been tampered with. The findings of the
other tests used to evaluate the tablets were also within the range established by the Indian
Pharmacopoeia. All batches passed the disintegration test since the values obtained for all
slots of samples were less than 15 minutes, as specified by the Indian Pharmacopoeial set
limit for uncoated tablets (IP, 2022). As a result, the pharmaceutically active component
would dissolve within 60 minutes after intake. This, as one would think, would improve the
oral absorption of the medicine by a factor of around 20%.This expectedly would aid
absorption of the80% drug after oral administration. The branded and generic tablets of
furosemide are acceptable as per the result. So we can get therapeutic value from both tablets.
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