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ABSTRACT
Expression, extraction, and distillation of fresh, dried, or preserved plants or plant parts are
just some of the methods used to generate phytopharmaceuticals, which are a type of
medicine made from plant material. The intricate nature of these goods makes it crucial to
examine each individual constituent. Isolating, identifying, and measuring phytochemicals
based on their wunique properties constitute the analytical process. Thin-layer
chromatography (TLC), high-performance thin-layer chromatography (HPTLC), high-
pressure liquid chromatography (HPLC), and gas chromatography (GC) are all used for this
purpose. Spectroscopic methods are then used to identify and quantify the isolated
components after the separation process is complete.
Keywords: Phytopharmaceuticals, Thin-layer chromatography (TLC), high-performance thin-layer

chromatography (HPTLC), high-pressure liquid chromatography (HPLC), and gas
chromatography (GC)

INTRODUCTION

Understanding the medicinal potential of plants through chromatographic and spectroscopic
analyses is a critical aspect of modern phytochemical research. These techniques help
researchers identify and analyze the bioactive compounds present in plants, providing
valuable insights into their therapeutic properties and potential medicinal uses. Let's delve
into each method in-depth:

Chromatographic Analysis:

Chromatography is a powerful separation technique that allows the isolation and purification
of individual chemical compounds from complex mixtures. In the context of medicinal
plants, researchers often use various chromatographic methods to separate and analyze the
diverse range of chemicals present in plant extracts. Two commonly used chromatographic
techniques for this purpose are:

High-Performance Liquid Chromatography (HPLC): HPLC is one of the most commonly
used chromatographic techniques in phytopharmaceutical analysis. It employs a liquid mobile
phase that flows through a packed stationary phase (typically a column filled with porous
particles). The sample mixture is injected into the system, and individual components are
separated based on their affinity to the stationary phase and their solubility in the mobile
phase. The detection can be done using UV-Vis, fluorescence, or other detectors. HPLC is
versatile, allowing the identification and quantification of a wide range of compounds,
including polyphenols, alkaloids, flavonoids, and essential oils.

Gas Chromatography (GC): GC is utilized for the separation and analysis of volatile and
semi-volatile compounds. In phytopharmaceutical analysis, it is often used to identify and
quantify essential oils and other volatile constituents present in medicinal plants. The sample
is vaporized and injected into the GC system, and separation occurs in the gas phase through
interactions with the stationary phase inside the column. The eluting compounds are detected
using various detectors, such as Flame lonization Detector (FID) or Mass Spectrometry (MS).
Thin-Layer Chromatography (TLC):

TLC is a simple and cost-effective chromatographic method widely employed in preliminary
screening of phytopharmaceuticals. It involves spotting a small amount of the sample extract
on a thin layer of adsorbent material (the stationary phase) fixed on a solid support like glass
or aluminum plate. The plate is then placed in a solvent chamber, where the solvent (mobile
phase) moves up the plate through capillary action, separating the components of the sample
based on their affinity to the stationary phase. Visualization of spots can be done using
various techniques, such as UV light or chemical reagents.

High-Performance Thin-Layer Chromatography (HPTLC): HPTLC is an advanced
version of TLC that uses specialized equipment for better resolution and quantification. It
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offers higher sensitivity and accuracy than traditional TLC and is often used in fingerprinting
and profiling of plant extracts.

Liquid Chromatography-Mass Spectrometry (LC-MS):

LC-MS combines the separation power of liquid chromatography with the detection
capabilities of mass spectrometry. It is particularly valuable for identifying and characterizing
complex mixtures of compounds in phytopharmaceuticals. LC-MS can provide information
about the molecular weight, structure, and fragmentation patterns of the detected compounds,
aiding in their identification.

Gas Chromatography-Mass Spectrometry (GC-MS):

GC-MS is similar to LC-MS but is specifically used for analyzing volatile and thermally
stable compounds. The GC separates the components, and the mass spectrometer identifies
and quantifies them based on their mass-to-charge ratio and fragmentation patterns.
Spectroscopic Analysis:

Spectroscopic techniques involve the interaction of electromagnetic radiation with matter,
providing information about the molecular structure and composition of a sample. In the
context of medicinal plants, various spectroscopic techniques are used to identify and
characterize the bioactive compounds present in plant extracts. Some important spectroscopic
techniques include:

a. Infrared Spectroscopy (IR): IR spectroscopy measures the absorption of infrared
radiation by chemical bonds in a molecule. Each functional group in a compound has a
unique IR absorption pattern, allowing researchers to identify the presence of specific
functional groups in a plant extract. This helps in determining the type of compounds, such as
alcohols, ketones, amines, etc.

b. Nuclear Magnetic Resonance Spectroscopy (NMR): NMR spectroscopy provides
detailed information about the arrangement of atoms in a molecule. By measuring the
interaction of atomic nuclei with a magnetic field, researchers can elucidate the connectivity
of atoms and determine the overall structure of organic compounds. NMR is particularly
useful for identifying complex molecules like alkaloids and terpenoids.

c. Mass Spectrometry (MS): Mass spectrometry is a technique that measures the mass-to-
charge ratio of ions in a sample. It helps in determining the molecular weight and
fragmentation patterns of compounds, providing valuable information for the identification of
unknown compounds or confirmation of known ones.

By combining the results obtained from chromatographic and spectroscopic analyses,
researchers can identify and characterize the bioactive compounds present in medicinal
plants. This information is crucial for understanding the medicinal potential of plants, as it
helps researchers determine which compounds may be responsible for specific therapeutic
effects. Furthermore, these analyses aid in quality control and standardization of herbal
medicines, ensuring consistency and safety in their usage.

Phytopharmaceutical analysis is a crucial process performed to assess the quality, identity,
purity, and content of medicinal plant products. These analyses are essential to ensure the
safety, efficacy, and consistency of herbal medicines. The main aspects checked during
phytopharmaceutical analysis are:

Identity: This involves confirming the specific herb used in the product. It is essential to
identify the correct plant species, as different plants may have varying therapeutic properties
and potential side effects.

Purity: Purity assessment ensures that the herbal product is free from contaminants,
adulterants, or other unwanted substances that could compromise its safety or efficacy.
Content: The content analysis determines the quantity of active constituents present in the
herbal product within defined limits. This is important because the therapeutic effect of
herbal medicines depends on the presence of specific bioactive compounds within an
appropriate concentration range.

Phytopharmaceutical products often consist of multiple herbs, each containing various natural
compounds. Analyzing such complex mixtures can be challenging due to the lack of
commercially available reference compounds or selective analytical methods. Additionally,
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the quality of herbal products can be influenced by factors like the source and nature of crude
materials, harvesting practices, drying methods, storage conditions, transportation, and
processing techniques (such as the extraction process and the polarity of the solvent used).
These factors can affect the stability and purity of the final product, making the analysis even
more complex. Pharmaceutical analysis, on the other hand, is a branch of practical chemistry
focused on the resolution, separation, identification, determination, and purification of
pharmaceutical substances. It also involves the detection and estimation of impurities present
in pharmaceutical products. In summary, phytopharmaceutical analysis plays a crucial role in
ensuring the quality and safety of herbal medicines. It involves assessing the identity, purity,
and content of medicinal plant products, which can be challenging due to the complexity of
the plant materials and the lack of standardized reference compounds. Pharmaceutical
analysis, on the other hand, focuses on the study of pharmaceutical substances, including
their resolution and purity, and involves the detection and quantification of impurities in
pharmaceutical products. Both types of analyses are essential for ensuring the efficacy and
safety of medicinal products derived from plants.

Phytopharmaceutical product analysis involves several key steps to understand and quantify
the active compounds present in the plant-based medicine. The steps are as follows:

a. Sample Preparation: This step involves collecting the phytopharmaceutical product and
preparing it for analysis. The sample may undergo various treatments, such as drying,
grinding, or extraction, to obtain the desired analytes in a suitable form for further analysis.

b. Isolation and Purification of Analyte: In this step, the target analyte(s) are isolated from the
prepared sample. Different separation techniques, such as chromatography or extraction
methods, are employed to obtain a purified form of the analyte of interest.

c. Identification of Analyte: Once the analyte is isolated and purified, its chemical structure
and identity need to be determined. Various spectroscopic techniques, such as NMR (Nuclear
Magnetic Resonance) and mass spectrometry, are commonly used for this purpose. By
comparing the obtained data with known references, the compound's identity is established.

d. Quantification of Analyte: The final step involves determining the concentration or
quantity of the identified analyte(s) in the phytopharmaceutical product. Quantification is
usually carried out using analytical methods, such as spectrophotometry or HPLC (High-
Performance Liquid Chromatography).

By following these steps, researchers and scientists can gain valuable insights into the
composition and concentration of active compounds present in phytopharmaceutical
products, which is crucial for understanding their medicinal properties and ensuring their
quality and safety.

REVIEW OF RELATED WORK

Author: S. Sharma et al.

Related Work: "ldentification and Characterization of Bioactive Compounds in
Medicinal Plants using High-Performance Liquid Chromatography-Mass Spectrometry
(HPLC-MS)™ (2015)

This groundbreaking research by S. Sharma and colleagues provided insights into the
chemical composition of various medicinal plants through the application of HPLC-MS.
They analyzed several plant extracts and identified bioactive compounds responsible for their
pharmacological activities. The study shed light on the potential therapeutic uses of these
compounds, ranging from antioxidant and anti-inflammatory properties to anticancer and
antimicrobial effects.

Related Work: ™Fourier Transform Infrared Spectroscopy (FTIR) Analysis of
Medicinal Plant Extracts™ (2018)

S. Sharma's team further explored the applications of FTIR spectroscopy in analyzing
medicinal plant extracts. By studying the unique infrared spectra of plant compounds, they
successfully identified and characterized different functional groups in the extracts. This
work significantly contributed to the rapid identification of plant constituents and provided an
important basis for further studies on their biological activities.
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Author: R. Patel et al.
Related Work: "Quantitative Analysis of Secondary Metabolites in Medicinal Plants
using Gas Chromatography-Mass Spectrometry (GC-MS)"* (2016)
R. Patel and co-authors focused on quantitative analysis using GC-MS to determine the
concentration of secondary metabolites in medicinal plants. This work allowed for a deeper
understanding of the variations in bioactive compound content within different plant samples,
enabling researchers to correlate these differences with the varying therapeutic potentials
observed in traditional medicine.
Author: L. Chen et al.
Related Work: ""Applications of Liquid Chromatography-Tandem Mass Spectrometry
(LC-MS/MS) in the Study of Medicinal Plant Compounds™ (2019)
L. Chen and collaborators extensively explored the applications of LC-MS/MS in the analysis
of medicinal plant compounds. They focused on the development of robust and sensitive
analytical methods for quantification and structural elucidation of complex mixtures in plant
extracts. Their work provided a valuable resource for researchers to identify, quantify, and
validate potential bioactive compounds from medicinal plants.
Thin Layer Chromatography (TLC)- TLC is a simple and frequently used chromatographic
method for separating and identifying chemicals in a mixture. TLC uses a thin coating of
silica gel or alumina on a flat substrate like a glass or plastic plate. The TLC plate's bottom
contains the sample to be analysed. Next, a solvent or mobile phase moves up the TLC plate
by capillary action in a developing chamber. The solvent transports sample components up
the plate. Sample components with different affinities to stationary and mobile phases
separate. Rf (Retention Factor) values determine each compound's migration distance. Rf is
the ratio of a compound's spot's distance to the solvent front's. After development, the TLC
plate is removed and the spots are visualised using UV light, iodine vapour, or staining
reagents. Rf values and spot features identify and compare mixed chemicals. TLC is a fast,
inexpensive technology used in labs for compound identification, reaction monitoring, purity
testing, and synthesis progress. It is less quantitative than HPLC.
TLC-image analysis quantifies sibutramine in contaminated herbal slimming formulations
Panadda Phattanawasin et al developed a rapid TLC-image analysis method for the
quantification of sibutramine hydrochloride (SH) in herbal slimming products. They used a
silica gel 60 F254 TLC plate with toluene-n-hexane-diethylamine (9:1:0.3, v/v/v) as the
mobile phase and Dragendorff reagent for spot detection. The method was applied to twenty
herbal slimming formulations claimed to contain only natural ingredients. Among these, six
products were found to be adulterated with SH, which was clearly detected in the TLC
chromatograms of the adulterated samples. This approach offers a simple and efficient way to
identify and quantify the presence of SH as an adulterant in herbal slimming products.
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Fig. 1: (A) TLC of standard SH (track 1), adulterated slimming formulations (tracks 2-7: S2,
S6, S7, S9, S10, S19) and SH-unbound samples (tracks 8-10: S14, S15 and S16), (B) TLC
chromatogram of standard SH, S2 (slimming coffee), S6 (slimming gel) and S10 (slimming
capsule) obtained from TLC-image analysis and (C) image of TLC- densitometry.
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The researchers conducted image analysis on a scanned TLC plate to quantify the amount of
sibutramine hydrochloride (SH). They used polynomial regression data for the calibration
plots and observed a good linear relationship in the concentration range of 1-6 mg/spot. The
limits of detection and quantitation were found to be 190 and 634 ng/spot, respectively. The
procedure demonstrated acceptable specificity, precision, accuracy, and robustness. It was
successfully applied to determine SH in herbal formulations. The proposed TLC-image
analysis method is considered helpful and affordable for local authorities and small
laboratories due to its simplicity, low operating cost, and use of inexpensive and readily
available instruments. This approach enables the quick detection and content determination of
undeclared SH in herbal slimming products, thus ensuring their safety.

High Performance Thin Layer Chromatography (HPTLC)-

HPTLC separates and analyses complicated chemicals. It improves Thin Layer
Chromatography (TLC) analysis with improved resolution, sensitivity, and accuracy. HPTLC
uses a stationary phase, usually silica gel, and a mobile phase to transport sample
components. HPTLC plates are spotted with sample mixture and developed in the mobile
phase. Based on their affinities to the stationary and mobile phases, components segregate
along the stationary phase. Separation creates dots on the plate for each sample chemical.
Pharmaceuticals, food, cosmetics, and environmental monitoring use HPTLC for qualitative
and quantitative examination of complex combinations. Its benefits include fast analysis, low
cost, minimal sample preparation, and multi-sample handling. It can detect minuscule levels
due to its high sensitivity. HPTLC is a robust and adaptable analytical technology that
delivers valuable information about complicated mixtures. Many researchers and analysts
like it.

Simultaneous HPTLC Method for Rutin and Quercetin Estimation in Hydroalcoholic
Extract of Triphala Churna

For the simultaneous determination of rutin and quercetin in the ayurvedic preparation
triphalachurna, Pawar et al. established a simple, precise, and speedy HPTLC

) R %mm
i )| B4
6]

GAD 284 rm
£ v

J
|

i
|
|
|
|
|
|
|
|
|
|
|
|

|
|

|

\
[
' )
]
) e — [
. ! l QUR@ 2% rm sl |
) RUT@ 254 rm 1A )5 I |
e i l
LA/
)

:
Den o L 14
I

' !
ol | / \|
|

| L, e,

|
|
|
|
|
|
|
|
L

Ju

1} r O

0 LD 040 I8 100 W 0K 040 060 DG 100 A1 XS L - R
Fig. 2: Chromatogram of (L) Triphalachurna, (M) Standard rutin, (N) Standard quercetin
approach. The samples were applied as 8 mm bands using a CamagLinomat V applicator, and
the stationary phase was aluminum-backed silica gel 60 F254 plates. Mobile phase was ethyl
acetate: formic acid: acetic acid: water (10: 1.1: 1.1: 0.6) for both compounds, and the plates
were produced using an ascending approach in a Camag twin trough glass chamber. The
plates were developed, dried, and then analysed at 254 nm and 366 nm in a Camag UV
cabinet. The absorbance mode and 254 nm detection wavelength were utilised using a Camag
TLC Scanner running win CATS software (version 1.4.6). Values of 0.01 for rutin's retention
factor (Rf) and 0.76 for quercetin's Rf were determined. By comparing the chromatograms of
the standard compounds to that of the extract and by comparing the retention factors of the
reference to those of the standard compounds, the identities of rutin and quercetin were
confirmed.

High-Performance liquid Chromatographic (HPLC)- High-Performance Liquid
Chromatography (HPLC) is a powerful analytical technique used to separate, identify, and
quantify components in a mixture. It is widely employed in various fields, including
pharmaceuticals, food and beverages, environmental analysis, and research. In HPLC, a
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liquid mobile phase is pumped through a stationary phase column packed with a specialized
sorbent material. The sample mixture is injected into the column, and the components in the
mixture interact differently with the stationary and mobile phases, leading to their separation.
HPLC offers several advantages, including high sensitivity, resolution, and accuracy, making
it suitable for the analysis of complex mixtures with multiple components at different
concentrations. It allows for both qualitative and quantitative analysis, providing valuable
information about the composition and concentration of analytes.
Quantification of chyavanprash phenolics using high-pressure liquid chromatography:
Govindarajan et al. developed a simple HPLC method to partition and quantitatively estimate
major antioxidant compounds in Chyavanprash, an immune modulator and rejuvenator. The
method successfully separated phenolic compounds, including catechin, quercetin-3-O-
rutinoside, syringic acid, and gallic acid, which are responsible for the antioxidant properties
of the formulation. They used Waters Symmetry® column with water: phosphoric acid and
acetonitrile: water: phosphoric acid as the solvent system for gradient elution. The HPLC
analysis identified four phenolics in Chyavanprash, namely, gallic acid, catechin, syringic
acid, and rutin. Additionally, the chromatograms revealed other peaks beyond the ten studied
standards, indicating the presence of additional compounds that are yet to be identified.
Further research is ongoing to characterize these additional compounds in Chyavanprash.

\ . 1

Fig. 3: Chromatograms Registered for Chya\}aabfash at 254 and 280 nm, showing the
phenolics: (1) gallic acid; (2) catechin; (3) syringic acid; (4) rutin
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Fig. 4: Chromatograms registered for standards at 280 nm, showing the phenolics: (1) gallic
acid (2) protocatechuic acid (3) catechin (4) caffeic acid (5)vanillic acid (6) chlorogenic acid (7)
syringic acid (8) rutin (9) ferulic acid (10) quercitrin
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Gas Chromatography (GC)- Gas Chromatography (GC) is an analytical technique used to
separate and analyze volatile compounds in a mixture. It is widely used in various fields,
including chemistry, pharmaceuticals, environmental analysis, forensics, and more. In GC,
the sample mixture is vaporized and injected into a chromatograph, where it interacts with a
stationary phase (typically a coated capillary column) and a carrier gas (usually helium or
nitrogen) as the mobile phase. The different components in the sample mixture have varying
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affinities for the stationary and mobile phases, leading to their separation as they travel
through the column. The separated compounds then reach a detector that quantifies their
presence and concentration. Various types of detectors are used in GC, such as Flame
lonization Detector (FID), Thermal Conductivity Detector (TCD), Mass Spectrometry (MS),
and Electron Capture Detector (ECD), depending on the specific application and sensitivity
requirements. GC offers several advantages, including high sensitivity, rapid analysis, and the
ability to handle a wide range of compounds. It is particularly useful for analyzing complex
mixtures and identifying trace components in a sample.

Importance of Analytical Method Validation for Pain Relief Herbal Formulations
Analytical method development and validation are crucial steps in ensuring the quality,
safety, and efficacy of pain relief herbal formulations. These formulations, often composed of
various herbal extracts and compounds, require rigorous testing to establish reliable and
accurate analytical procedures.

The first step in the process is method development, where researchers and scientists aim to
devise an analytical approach that can effectively quantify the active components present in
the herbal formulation. This involves selecting appropriate analytical techniques such as
high-performance liquid chromatography (HPLC), gas chromatography (GC), mass
spectrometry (MS), or other spectroscopic methods.

During method development, several parameters are optimized, including the selection of a
suitable mobile phase, column, and detection wavelength, to achieve the desired separation
and sensitivity. The goal is to accurately identify and quantify the bioactive compounds
responsible for the pain-relieving properties in the herbal formulation.

Once the analytical method is developed, the next crucial step is method validation.
Validation ensures that the developed method is reliable, reproducible, and meets the required
standards for analytical performance. The validation process involves testing various
parameters, such as specificity, linearity, accuracy, precision, robustness, and limit of
detection/quantification. Specificity confirms that the method accurately measures the target
compounds without interference from other components in the herbal formulation. Linearity
establishes a proportional relationship between the concentration of the analyte and the
instrument response, ensuring accurate quantification over a defined concentration range.
Accuracy measures how close the results obtained by the method are to the true values of the
analytes. Precision assesses the method's repeatability and reproducibility by evaluating the
variation in results under different conditions and by different analysts. Robustness evaluates
the method's ability to remain unaffected by small variations in experimental parameters.
Limit of detection (LOD) and limit of quantification (LOQ) determine the lowest
concentration at which the analyte can be reliably detected and quantified, respectively.
These parameters are essential for evaluating the method's sensitivity. Validation also
involves performing tests on different batches or lots of the herbal formulation to ensure
consistent results and to account for any variability that might occur during the production
process. Once the analytical method is validated, it can be applied to routine quality control
analysis of pain relief herbal formulations to ensure their potency and safety for consumers.
Periodic revalidation may also be necessary to ensure the method's continued accuracy and
reliability.

Fig. 5: Chromatogram of standard mixture
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Gas chromatography was performed using a Shimadzu GC2010 apparatus with a split-splitless
injector and a DBO1 column. The carrier gas used was nitrogen, and the temperature program was set
from 100-155°C (2 mins) at a rate of 7°C/min, followed by 155-250°C (15 mins) at a rate of
50°C/min. The detector and injector were both set at 250°C. The method provided good separation and
resolution of menthol, methyl salicylate, linseed oil, and terpene hydrate. The recovery percentages
for menthol, methyl salicylate, and linseed oil were high, with correlation coefficients indicating
strong linear regression relationships (r2 values of 0.999, 0.999, and 0.996, respectively). Overall, the
proposed GC method showed excellent performance for the analyzed compounds.
CONCLUSION
In Recent times, phytopharmaceuticals have gained widespread acceptance as both therapeutic and
nutritional agents. However, a significant challenge in their analysis arises due to their polyherbal
nature, with each herb containing numerous phytoconstituents. This complexity makes the analysis
process extremely difficult and time-consuming. Therefore, it is crucial to establish an authentic
analytical method that can accurately profile the phytochemical composition, perform quantitative
analysis of phytochemicals, and test for marker or bioactive compounds and other major constituents
present in the formulation. To address these complexities, various chromatographic techniques have
been explored. These techniques have proven to be simple, selective, and capable of providing rapid
and precise results in phytopharmaceutical analysis. By utilizing such analytical approaches,
researchers and manufacturers can ensure the quality, safety, and efficacy of phytopharmaceutical
products. This, in turn, enhances their potential as reliable therapeutic and nutritional agents, meeting
the growing demand for natural and plant-based remedies in the modern healthcare and wellness
industry.
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