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PREFACE 

Unani Medicine, with its roots tracing back to the teachings of the ancient 
Greek Physician Hippocrates (460-370 BC) and Roman Physician Galen 
(129-200 AD), represents a unique synthesis of medical knowledge that 
flourished during the medieval era through the contributions of Arabian 
and Persian physicians. In India, this traditional system of medicine has not 
only endured but has been systematically developed and seamlessly 
integrated into the broader healthcare delivery system, offering a holistic 
approach encompassing promotive, preventive, curative, and rehabilitative 
healthcare. 

Central to the Unani medicinal philosophy is the Munzij and Mushil 
therapy, a method of treatment designed specifically for chronic diseases. 
This therapeutic approach focuses on Istifragh (the evacuation or 
elimination) of morbid humours from the body, addressing the imbalance 
that underlies many health conditions. The Munzij and Mushil Adwiya, key 
components of this therapy, play a crucial role in facilitating the expulsion 
of excessive humours from the body, contributing to the restoration of 
health. 

In the contemporary global landscape, marked by a surge in diseases 
attributed to changes in lifestyle and environmental conditions, the 
adoption of safe and effective Unani medicines has become imperative. 
Recognizing this need, the Central Council for Research in Unani Medicine 
has undertaken research on the coded Unani formulation UNIM-040, 
employed in Munzij and Mushil therapy. This research initiative aims to 
provide a scientific foundation by generating data attesting to the 
formulation's quality and safety, thereby contributing to the wider 
acceptance and utilization of Unani Medicine in modern healthcare 
practices. 

The successful completion of this study owes much to the concerted efforts 
of the Director, Research Officers, and the dedicated supporting Research 
Staff at the National Research Institute of Unani Medicine for Skin 
Disorders in Hyderabad. Their commitment to advancing knowledge in the 
field is commendable. Additionally, the technical support extended by 
Research Officers at the CCRUM Headquarters has been instrumental in 
ensuring the thoroughness and reliability of the research outcomes. 

As this technical report comes to fruition, it is my sincere hope that the 
compiled information proves invaluable to a diverse audience. From 
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scientists and academicians to research scholars, pharmaceutical industries, 
and policymakers, may this resource document serve as a comprehensive 
guide, fostering a deeper understanding and appreciation for the efficacy 
of Unani medicine in addressing the healthcare challenges of our time. 

 

 

Dr. N. Zaheer Ahmed 
  Director General, CCRUM 
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1. INTRODUCTION 

1.1. Background/ Rationale of Study 
According to Unani Medicine, health is attributed to the quantitative and 
qualitative equilibrium of four Akhlat (humours), viz. Dam (blood), 
Balgham (phlegm), Safra (yellow bile) and Sawda (black bile). 
Accordingly, Damawi (sanguineous), Safrawi (bilious), Balghami 
(phlegmatic), and Sawdawi (melancholic) are the four types of 
temperament assigned to a person based on the predominant humour. In 
case of disease, there is imbalance of these humours.  

In Unani Medicine, Munzij and Mushil therapy is an important method of 
treatment for chronic diseases. The purpose of this therapy is to evacuate 
or eliminate (Istifragh) morbid humours from the body. Morbid humours 
are mainly responsible for aggravating the disease process if they remain 
stagnant in the body. To get rid of imbalance of these abnormal humour, 
there are certain regimenal therapies, one of them is Munzij (concoction) 
and Mushil (purgation) therapy. There are different types of Munzij and 
Mushil drugs which are administered to the patients depending on the 
humour involved in that particular disorder [1]. 

Munzij-Mushil therapy is more significant especially in Ghalaba-i-
Balgham (morbid dominant phlegm) and Ghalaba-i-Sawda (morbid 
dominant black-bile). In Balghami Amraz (phlegmatic diseases) and 
Sawdawi Amraz (melancholic diseases), it is essential to give Munzij 
Adwiya first, and then Mushil Adwiya. Munzij and Mushil Adwiya facilitate 
the Madda (excessive humour/khilt) to eliminate easily from the body.  

Zakariyya al-Razi (Rhazes) (850-925 AD) has given a comprehensive 
description of Baras (vitiligo) that is associated with Balgham (phlegm) 
which plays an important role in the causation of this disease [1, 2]. In 
Unani medicine, Munzij and Mushil (MM) therapy forms a unique and 
specific line of treatment, particularly for Baras. It is used for correcting 
the humoral derangement of the body and is generally useful in chronic 
diseases. According to the Unani classical texts, Munzij-i-Balgham is 
given in cases of Baras (vitiligo) in order to mature the morbid humour 



2  UPLC Fingerprinting and Pharmacopoeial Studies of  
Unani Coded Compound Formulation UNIM-040

 

for excretion and later to expel out through Mushil to bring the body 
humours in equilibrium [2].  

The Unani compound formulation UNIM-040 under study is prescribed as 
Munjiz (concoctive) therapy to the Baras (Vitiligo) patients followed by 
Mushil (purgative) drug. Till date, no study on the chemical compound 
identification and quantification of chemical markers has been reported on 
this formulation. Therefore, UNIM-040, a polyherbal compound 
formulation used as Munjiz (concoctive) was been chosen to carry out the 
study through analytical techniques like Ultra-Performance Liquid 
Chromatography (UPLC) analysis with fingerprint profiling which may 
help in the quality control and authentication of the formulation and also 
batch to batch analysis for reproducibility. This method is useful for 
quantitative estimation of compounds in comparison to the reference 
standard compounds and their identification with UV and LC-MS 
techniques. 

Traditionally, High-Performance Liquid Chromatography (HPLC) 
fingerprinting is used for quality control of herbal medicines; however, this 
method cannot meet the requirements of high-throughput analysis and is 
greatly restricted, because its efficiency is low and the separating time is 
long [3-5]. UPLC can solve this problem to a great extent compared to the 
traditional HPLC method. UPLC has the unparalleled advantages of ultra-
high column efficiency, separation capability and being fast. It has similar 
or better separating effects as compared to HPLC, and it can greatly reduce 
the operating time [6-7]. UPLC had been employed in the qualitative and 
quantitative analysis of chemical constituents in herbal medicines by 
examining the contents, analyzing the constituents of herbs, and getting the 
fingerprints of the drug, food and other materials. Therefore, the UPLC 
fingerprinting technology has promising prospects and will certainly be 
used as an ideal means of quality control in herbal medicine [8]. 
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2. LIQUID CHROMATOGRAPHY/UPLC 

Chromatography was first developed by the Russian botanist Tswett in 
1903 as he produced a colorful separation of plant pigments through a 
column of calcium carbonate. Chromatography has since developed into an 
invaluable laboratory tool for the separation and identification of 
compounds. The new technique of chromatography is Chroma means 
“color” and graphein means to “write” because the result of the analysis 
was 'written in color' along the length of the adsorbent column. In any 
chromatographic technique, there is a stationary phase usually a solid, thick 
liquid or bonded coating that stays fixed in one place, and a mobile phase 
or eluent (usually a liquid or gas) moves through it or across it. 

Types of Chromatography  

Stationary phase classification 
 Thin layer chromatography  
 Paper chromatography 
 Column chromatography  

Mobile phase classification 
 Liquid chromatography  
 Gas chromatography  

Classification according to the force of separation 
 Adsorption chromatography 
 Partition chromatography 
 Ion exchange chromatography 
 Gel filtration chromatography  
 Affinity chromatography 

2.1. Ultra-Performance Liquid Chromatography (UPLC) 
Chromatography is a non-destructive procedure for resolving a multi-
component mixture of traces or constituents into individual components 
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through a porous medium under the influence of solvent. In 2004, 
separation science was revolutionized with the introduction of UPLC 
Technology. It is an innovative technique and is regarded as a new 
invention for liquid chromatography in the recent era. It has brought 
revolution by outperforming conventional HPLC and giving new 
possibilities in liquid chromatography [9, 10]. 

For many years, researchers have looked at “fast LC” as a way to speed up 
analyses [11-12]. As a development in this area smaller columns and faster 
flow rates (amongst other parameters) have been used. Elevated 
temperature, having the dual advantages of lowering viscosity, and 
increasing mass transfer by increasing the diffusivity, have also been 
analyzed [13]. However, use of conventional particle sizes and pressures, 
restricts the resolution of multi-component mixture. 

In HPLC the sample is forced by a liquid at high pressure (the mobile 
phase) through a column that is packed with a stationary phase composed 
of irregularly or spherically shaped particles, a porous monolithic layer, or 
a porous membrane. HPLC is historically divided into two different sub-
classes based on the polarity of the mobile and stationary phases. HPLC is 
approved technique as it has been used in laboratories worldwide over the 
past 30 years. This technology lacks the capability to take full advantages 
of novel sub two-micron (sub-2µm) particles [14]. 

Whereas, UPLC achieves the speed by using novel sub-2µm particles that 
reduces chromatographic run time and improves resolution. UPLC 
chromatographic system is designed as a total system to leverage in a 
special way to withstand ultrahigh system back-pressures and small 
particle separation (sub-2µm) attributes that result in uniquely superior 
performance with significant improvements in the analytical parameters 
such as resolution, sensitivity and speed [15-16]. UPLC system decreases 
sample run time up to a factor of 10, facilitates up to 95 percent less solvent 
consumption and significantly improves the efficiency towards the analysis 
of samples in the laboratory. 

UPLC system eliminates significant time, sample consumption and sample 
cost from analytical process while improving the quality of results, the 
system allows chromatographers to work at higher efficiencies, flow rates, 
and back pressures [17]. UPLC photodiode array (PDA) detector detects 
and quantifies lower concentrations of sample analyte, trace impurities 
with maximum sensitivity and compares spectra across wavelengths and 
broad concentration ranges [18]. The separation on UPLC is performed 
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under very high pressures (up to 100 MPa) but it has no negative influence 
on analytical column or other components of the chromatographic system. 
Separation efficiency remains maintained or is even improved by UPLC. 
This new category of analytical separation science retains the practicality 
and principles of HPLC while creating a step-function improvement in 
chromatographic performance [19]. 

2.1.1. Instrumentation 
The new technology of UPLC 
System has been holistically 
designed to match the performance 
needs towards the innovative broad 
column chemistries with robust 
hardware, user friendly software 
and specialized support services. It 
consists of small in size, pressure-
tolerant for sub-2µmparticles, High-
pressure fluidic modules, negligible 
carryover, reduced cycle times, 
minimized system volume, last 
response detectors, integrated 
system software and user interface 
[20]. 

The ACQUITY UPLC System’s 
high-pressure fluidics optimizes 
flow rates to make the most of small 
particle technology and control 
every step of the process. This 
System has removed those barriers, 
enabling columns packed with smaller particles (1.6–1.8 µm) to reach their 
theoretical performance, while precisely delivering mobile phase at 
pressures up to 18,000 psi (1241 bar), thus providing a new level of 
chromatographic performance. The ACQUITY UPLC System’s sample-
handling design is designed to ensure exceptionally less or low carryover 
using solvent flow through needle system and reduced cycle time. When 
interfaced with the sample organizer, it increases unattended sample 
capacity by ten times. High-speed detectors, both optical and mass, 
contribute to increased sensitivity and help manage the heightened speed 
and resolution requirements of UPLC.  

The Waters Acquity UPLC H-
Class Bio System 
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Figure 1: Schematic diagram of UPLC 

2.1.2. UPLC Columns 
Development of sub-2µm particles is one of the most significant 
challenges, and researchers have been actively showing interest in this area, 
trying to capitalize on their advantages [10-11, 21]. Although high 
efficiency, non-porous 1.5µm particles are commercially available, they 
suffer from poor loading capacity and retention due to low surface area. 
Silica-based particles have good mechanical strength but can suffer from a 
number of disadvantages, which include a limited pH range and tailing of 
basic analytes. Polymeric columns can overcome pH limitations, but they 
have their own issues including low efficiencies, limited loading capacities, 
and poor mechanical strength. 

In 2000, hybrid chemistry columns were introduced, that took advantage 
of the best of both the silica and polymeric column worlds. These columns 
are mechanically strong, with high efficiency and operate over an extended 
pH range. They are produced using a classical sol-gel synthesis that 
incorporates carbon in the form of methyl groups. Furthermore, in order to 
provide the necessary mechanical stability for UPLC, a second generation 
bridged ethyl hybrid (BEH) technology was developed called ACQUITY 
BEH, these 1.7µm particles derive their enhanced mechanical stability by 
bridging the methyl groups in the silica matrix. Packing 1.7µm particles 
into reproducible and rugged columns was also a challenge that needed to 

Quaternary 
solvent 
manager 

Sample 
manager 

PDA 
detector 
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be overcome. Requirements include a smoother interior surface of the 
column hardware and re-designing the end frits to retain the small particles 
and resist clogging. Packed bed uniformity is also critical, especially if 
shorter columns are to maintain resolution while accomplishing the goal of 
faster separations. All ACQUITY UPLC BEH columns also include 
eCord™ microchip technology that captures the manufacturing 
information for each column including the quality control tests and 
certificates of analysis [22-23]. 

Types of UPLC Column Chemistries 

Ethylene Bridged Hybrid (BEH) Particles 

The BEH particle (size 1.7 µm) is one of the key enablers behind UPLC 
Technology. It is available in 5 different pore sizes (125Å, 130Å, 200Å, 
300Å, and 450Å) and several bonded phases for reversed-phase and 
hydrophilic-interaction chromatography. Furthermore, it is applicable from 
small molecule to large biopharmaceutical analysis. Due to the intrinsic 
chemical stability of hybrid particle technology, a wider usable pH range 
(1–12) can be employed, enabling a versatile and robust separation 
technology for method development. 

High Strength Silica (HSS)  
Particles High pore volume HPLC particles do not possess the mechanical 
stability necessary to withstand the high pressures inherent of the UPLC 
separations. This mechanical limitation led the Waters material scientists 
to develop a new silica particle, designed for high mechanical stability and 
appropriate morphology necessary to provide long column lifetimes and 
UPLC efficiencies at high pressures. The 1.8 µm High Strength Silica 
(HSS) particle is the first and only 100% silica particle designed, tested, 
and intended for use in applications up to 18,000 psi (1241 bar). 
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Types of UPLC Columns Used in the Study  
With unprecedented levels of peak asymmetry, efficiency and chemical 
stability, the 1.7 µm ACQUITY UPLC BEH C18 and C8 Columns are 
versatile, high-performance separation columns suitable for a diverse range 
of analytes. With the ability to operate between pH 1–12, these 
trifunctionally-bonded alkyl columns can employ the power of pH to 
impact the retention, selectivity, and sensitivity of ionizable compounds 
while delivering exceptional low and high pH stability.  

ACQUITY UPLC BEH Shield RP18 Columns incorporate a hydrophilic 
carbamate group within a C18 chain to produce exceptional peak shape for 
basic compounds. They also provide alternate selectivity, compared to 
straight-chain-alkyl columns.  

ACQUITY UPLC BEH Phenyl Columns incorporate a trifunctionally 
bonded phenyl-hexyl ligand to provide industry-leading pH stability, 
batch-to-batch reproducibility and exceptional peak shape compared to 
other commercially available phenyl columns. They are designed to 
provide complementary selectivity to straight-chain-alkyl columns, 
particularly for analytes containing aromatic rings.  

ACQUITY UPLC BEH HILIC Columns utilize an unbonded BEH particle 
to improve the retention of very polar species, as well as provide an 
orthogonal separation mode for mixtures of polar and ionizable 
compounds. These columns are optimized and tested to produce efficient, 
reproducible separations under UPLC HILIC conditions and are designed 
to overcome chemical stability, a major weakness of HILIC stationary 
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phases. The rugged BEH particle’s wide usable pH range overcomes this 
chemical instability and results in long column lifetimes. 

ACQUITY UPLC HSS T3 Columns are designed to solve a common 
problem faced by scientists that is retaining small, water soluble, polar 
organic molecules. The HSS T3 chemistry is an aqueous mobile phase 
compatible C18 bonded phase designed to retain and separate polar organic 
compounds, much like Atlantis T3 HPLC Columns. 

 

VanGuard Pre-columns 

VanGuard Pre-columns are the result of over two years of product 
development and are the first guard column devices designed for routine 
use at pressures up to 18,000 psi (1241 bar) in applications run on the 
ACQUITY UPLC System. VanGuard Pre-columns feature a 2.1 mm I.D. 
x 5 mm length, ultra-low volume design which efficiently protects UPLC 
Column performance. It does not compromise the UPLC holistic design 
approach to higher efficiency, greater resolution, and increased throughput 
since the same ACQUITY UPLC Column stationary phases and column 
frits are used in VanGuard Pre-columns. Since the VanGuard Pre-column 
connects directly to the inlet of the ACQUITY UPLC Column, extra 
column volumes are minimized and mobile-phase leaks due to additional 
connections are all but eliminated. 
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2.1.3. Modes of Chromatography 

Normal Phase Chromatography 
Normal phase chromatography is chromatographic technique that uses 
organic solvents for mobile phase and a polar stationary phase. Here, the 
less polar compound elutes faster than the more polar compound. This is 
where the stationary bed is strongly polar (silica gel) and the mobile phase 
is largely non-polar such as hexane or THF. 

Reverse Phase Chromatography 
Reverse phase chromatography - a bonded phase chromatography 
technique, uses water as base solvent. Separation is based on solvent 
strength and selectivity. Separation is also affected by column temperature 
and pH. In general, the more polar compounds elute faster than the less 
polar compounds. The stationary phase is non-polar and the mobile phase 
is polar liquids such as methanol, acetonitrile, or water. The more non-polar 
substances have longer retention. UV detection is the most common 
detection technique used. 

Elution Types 
Isocratic – where the eluent is at a fixed concentration. 

Gradient – where the eluent concentration and strength are changing at 
certain proportions. 

2.1.4. Comparison between HPLC and UPLC 

HPLC and UPLC data were compared with respect to particle size, 
pressure, column, column dimensions, column temperature and injection 
volume as mentioned in Table 1. 

Table 1: Comparison between HPLC and UPLC 
Characteristics HPLC UPLC 

Particle size 3.5 μm, 5 μ m Less than 2μm i.e., 
1.7/1.8 μm 

Maximum 
backpressure 

35-40 MPa 
< 4000 psi 

103.5 MPa 
< 15000 psi (H-Class) 

Analytical column Altima C18 
Broad column 
chemistries 

Acquity UPLC BEH 
C18 
Broad column 
chemistries 
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Characteristics HPLC UPLC 
Column dimensions 150 X 3.2 mm 100 X 2.1 mm 

Column temperature 500C upto 900C 

Injection volume 0.1-100μL 0.1-10μL 

2.1.5. Detectors 
The function of the detector in UPLC is similar to that of HPLC to monitor 
the mobile phase emerging from the column. The output of the detector is 
an electrical signal that is proportional to some property of the mobile 
phase and/or the solutes. 

LC detectors are basically of two types. 

 Bulk property detectors respond to mobile phase bulk property such as 
refractive index, dielectric constant or density. 

 Solute property detectors respond to some property of solutes, such as 
UV absorbing, fluorescence, diffusion current, which are not possessed 
by the mobile phase. 

ACQUITY UPLC optical and mass detectors complement and enhance the 
high-efficiency separations of ACQUITY UPLC Systems, allowing 
analysis of a wide range of compounds. 

Optical detectors are optimized for our advanced UPLC analytical 
techniques, featuring low dispersion characteristics, simple operation, and 
high data-acquisition rates – as well as cost-effective maintenance, support 
and parts. 

ACQUITY UPLC PDA Detector: Allows detection and quantification 
of lower concentrations of sample analytes and compare their spectra 
across broad range of wavelength and concentration. It facilitates spectral 
analysis from 190 to 500 nm range. Superior linear range with constant 
optical bandpass is obtained. It gives definitive compound identification 
and co-elution detection with simultaneous 2D and 3D operations. The 
other available detectors are Acquity UPLC PDA eλ Detector, Acquity 
UPLC Tunable UV Detector, Acquity UPLC FLR Detector, Acquity 
Refractive Index Detector, Acquity UPLC ELS Detector, and  
Acquity TQD.  
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2.1.6. Applications of UPLC 
UPLC Applications: Rapid method development, High throughput QC 
analysis, Quantitative analysis, Method validation service for UPLC 
methods, Pharmaceutical stability indicating analyses. 

1. Analysis of Natural Products and Traditional Herbal Medicine 
UPLC is used for analysis of natural products and herbal medicines. For 
traditional herbal medicines, also known as natural products or traditional 
Chinese medicines, analytical laboratories need to expand their 
understanding of their pharmacology to provide evidence-based validation 
of their effectiveness as medicines and to establish safety parameters for 
their production [11]. 

2. Manufacturing / QA / QC 
Identity, purity, quality, safety and efficacy are the important factors to 
be considered while manufacturing a drug product. The successful 
production of quality pharmaceutical products requires that raw 
materials meet purity specifications. Continued monitoring of material 
stability and products is also a component of quality assurance and 
control. UPLC is used for the highly regulated, quantitative analyses 
performed in QA/QC laboratories. 

3. Identification of Metabolite 
Biotransformation of new chemical entities (NCE) is necessary for drug 
discovery. When a compound reaches the development stage, 
metabolite identification becomes a regulated process. UPLC/MS/MS 
addresses the complex analytical requirements of biomarker discovery 
by offering unmatched sensitivity, resolution, dynamic range, and mass 
accuracy [24]. 

4. ADME (Absorption, Distribution, Metabolism, Excretion) 
Screening: 
Pharmacokinetics studies include studies of ADME properties. The high 
resolution of UPLC enables accurate detection and integration of peaks in 
complex matrices and extra sensitivity allows peak detection for samples 
generated by lower concentration incubations and sample pooling. These 
are important for automated generic methods as they reduce failed sample 
analyses and save time. 
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2.1.7. Advantages and Disadvantages of UPLC/MS/MS 
UPLC can give more than double throughput with no loss in method 
robustness. It is also simpler and more robust than the staggered separations 
sometimes applied with HPLC methods. But it seems that UPLC can offer 
significant improvements in speed, sensitivity and resolution compared 
with conventional HPLC. 

Advantages 
UPLC decreases run time and increases sensitivity. It provides the 
selectivity, sensitivity, and dynamic range of LC analysis, maintaining 
resolution performance. UPLC’s fast resolving power quickly quantifies 
related and unrelated compounds. It exhibits faster analysis through the use 
of a novel separation material of very fine particle size and consumes less 
solvent. It reduces process cycle times, so that more product can be 
produced with existing resources. It also increases sample throughput and 
enables manufacturers to produce more material that consistently meet or 
exceeds the product specifications, potentially eliminating variability, 
failed batches, or the need to re-work material [25-26]. It delivers real-time 
analysis in step with manufacturing processes and assures end-product 
quality, including final release testing. 

Disadvantages 
UPLC, due to increased pressure requires more maintenance and reduces 
the life of the columns of this type. So far, performance similar or even 
higher has been demonstrated by using stationary phases of size around 2 
μm without the adverse effects of high pressure. In addition, the phases of 
less than 2 μm are generally non-regenerable and thus have limited  
use [27-28]. 

2.2. Quantification 
Quantitative analysis using chromatography is based on calibration curves 
obtained from each of the substances analyzed. Calibration is needed in all 
those cases in which a signal related to mass or concentration of a 
component in mixture, is obtained. Chromatographic test methods use 
either external or internal standards for quantification.  

External Standard Method 
An external standard method is used when the standard is analyzed on a 
separated chromatogram from the sample. Quantification is based on a 
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comparison of the peak area / height (HPLC or UPLC) or spot intensity 
(TLC) of the sample to that of a reference standard of the analyte of interest.  

The external standard method is more appropriate for samples as follows: 

 Samples with a single target concentration and narrow concentration 
range, e.g., acceptance and release tests. 

 Simple sample preparation procedure. 
 Increased baseline time for detection of potential extraneous peaks.  

Internal Standard Method 
With an internal standard method, compound of known purity that does not 
cause interference in the analysis is added to the sample mixture. 
Quantification is based on the response ratio of compound of interest to the 
internal standard vs. the response ratio of a similar preparation of the 
reference standard (HPLC or UPLC). This technique is rarely used for TLC 
methods.  

The internal standard method is more appropriate for samples as follows: 

 Complex sample preparation procedures, e.g., multiple extractions. 
 Low concentration sample (sensitivity being an issue), e.g., 

pharmacokinetic studies.   
 Wide range of concentrations expected in the sample for analysis, e.g., 

pharmacokinetic studies. 

Standard Addition Method 
When matrix interactions are found to be important, a standard addition 
method may prove useful. In this method, a known quantity of standard is 
added to unknown compound. But it is not much accurate. 

Although Center for Drug Evaluation and Research (CDER) does not 
specify whether the method must use an internal or external standard for 
quantification, it is commonly observed that HPLC methods for release and 
stability.   

The working concentration is the target concentration of the compound of 
interest as described in the method. Keeping the concentrations of the 
sample and the standard close to each other for the external standard 
method improves the accuracy of the method.  
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2.2.1. Validation 

2.2.1.1. Specificity / Selectivity  
The analyte should have no interference from other extraneous components 
and should be well resolved from them. A representative UPLC/HPLC 
chromatogram or profile should be generated and submitted to show that 
the extraneous peaks either by additions of known compounds or samples 
from stress testing are baseline resolved from the parent analyte.  

Submission of data from batch to batch analysis and reproducibility of the 
drug according to the guideline for submitting samples and analytical data 
for methods validations is recommended. Representative UPLC/HPLC 
chromatograms are recommended for identification and detection of 
samples that include test methods for formulation and their ingredients etc. 
With the validated method, the UPLC/HPLC chromatogram should 
indicate the presence of compounds at the level of detection / quantification 
claimed. 

2.2.1.2. Linearity 
The linear range of detectability that obeys Beer’s Law is dependent on the 
compound analyzed and detector used. The working sample concentration 
and samples tested for accuracy should be in the linear range. The 
behaviour of UV response vs. concentration may have (a) linear or (b) non-
linear relationship.    

2.2.1.3. Range 
Range is the interval between the high and low levels of analyte 
concentration in linearity studies. 

2.2.1.4. Accuracy 
Accuracy is the measure of how close the experimental value is to the true 
value. Accuracy studies for drug substance and drug product are 
recommended to be performed at the 80, 100 and 120% levels of label 
claim as stated in the guideline for submitting samples and analytical data 
for methods validation. At each recommended level studied, replicate 
samples are evaluated. The RSD of the replicates will provide the analysis 
variation or how precise the test method is. The mean of the replicates, 
expressed as % label claim, indicates how accurate the test method is. 
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2.2.1.5. Precision 
Precision is the measure of how close the data values are to each other for 
a number of measurements under the same analytical conditions. 
International Conference on Harmonization (ICH) has defined precision to 
contain three components: repeatability, intermediate precision and 
reproducibility. Ruggedness as defined in USP XXII <1225>, 1990 (United 
states Pharmacopoeia, validation of compendial methods)incorporates the 
concepts described under the terms “intermediate precision”, 
“reproducibility” and “robustness” of this guide.   

Sensitivity is the ability to detect small changes in the concentration of the 
analyte in the sample. The sensitivity or precision as measured by multiple 
injections of a homogeneous sample (prepared solutions) indicates the 
performance of UPLC/HPLC instrument under the chromatographic 
conditions and day tested. The tighter the value, the more sensitive to 
variation or precise is the result. The set of duplicate samples were injected 
sequentially. Variations in peak and drift of retention times were noted. 

2.2.1.6. Reproducibility 
As defined by ICH, reproducibility expresses the precision between 
laboratories as in collaborative studies.  

2.2.1.7. Limit of detection and limit of quantitation  
These limits are normally applied to related substances in the drug 
substance or drug product. 

Limit of detection is the lowest concentration of analyte in a sample that 
can be detected, but not necessarily quantified, under the stated 
experimental conditions. 

Limit of quantitation is the lowest concentration of analyte in a sample 
that can be determined with acceptable precision and accuracy under the 
stated experimental conditions. 

2.2.1.8. Robustness 
ICH defines robustness as a measure of the method’s capability to remain 
unaffected by small, but deliberate variations in method parameters. 
Robustness can be partly assured by good system suitability specifications. 
Testing by varying few or all conditions e.g., age of columns, column type, 
column temperature, and pH of buffer in mobile phase, reagents, is 
normally performed. 
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2.2.2. System Suitability Specifications 

 

Typical chromatogram with examples of retention measurements 

Wx = Width of the peak determined at either 5% or 10% above baseline 

f  = Distance between peak maximum and peak front at Wx 

to = Elution time of void volume or non-retained components 

tr     = Retention time of the analyte, R 

tw = Peak width measured at baseline of the extrapolated straight 
     sides to baseline.  

Capacity factor (k’) 
The capacity factor is a measure of location of the peak of interest with 
respect to the void volume, i.e., elution time of non-retained components. 

k'= (tR-to) / to 

Recommendations: The peak should be well resolved from other peaks and 
the void volume. Generally the value of k' is > 2. 

Precision / Injection repeatability (RSD) of < 1% for ‘n’ > 5 is desirable. 

Resolution (RS) 
RS is the measure of how well two peaks are separated for reliable 
quantification; well-separated peaks are essential for quantification. This is 
very useful parameter if potential interference peak(s) may be of concern. 
The closest potential eluting peak to the analyte should be selected RS is 
minimally influenced by the ratio of two compounds being measured. 

RS = (tR2-tR1) / 0.5(w1+w2) 
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Recommendations: Resolution of > 2 is desirable between the peak of 
interest and closest potential interfering peak (impurity, excipient, 
degradation product, internal standard, etc). 

Tailing factor (T) 
The accuracy of quantification decreases with increase in peak tailing as 
the integrator encounters difficulty in determining where and when the 
peak ends. Hence, the calculation of the area under the peak differs with 
tailing. If the integrator is unable to determine exactly when an up slope or 
down slope occurs, accuracy drops.  

T = Wx / 2f 
Recommendations: T of < 1.5 is preferred. 

Theoretical plate number (N) 
Theoretical plate number is a measure of column efficiency, i.e., the 
number of peaks located per unit run time of the chromatogram. 

N = 16 (tR/w)2= L / H = HETP 
N is fairly constant for each peak on a chromatogram with a fixed set of 
operating conditions. H, or HETP, the height equivalent of a theoretical 
plate, measures the column efficiency per unit length (L) of the column. 
Parameters, which can affect N or H, include peak position, particle size in 
column, flow-rate of mobile phase, column temperature, viscosity of 
mobile phase, and molecular weight of the analyte. The theoretical plate 
number depends on elution time but in general should be > 2000. 

Dead Volume 
Dead Volume means any empty space or unoccupied volume, the presence 
of which can lead to disastrous losses in efficiency. There will be dead 
volume in the column itself, which will be the space that is not occupied 
by the stationary phase. The other sources of dead volume are the injection 
unit, the tubing and fittings at each end of the column, and the detector cell. 
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3. AIMS AND OBJECTIVES OF THE STUDY  

 To develop optimized fingerprint profile of UNIM-040. 
 To check the quality control of UNIM-040 
 To check the batch to batch variation in the formulations and to 

generate as a reference standard. 
 To quantitatively estimate the amount of reference marker compounds 

present in the sample. 
 To generate the UPLC pattern for the different solvent extract of 

UNIM-040. 

4. DRUG PROFILE 

4.1. Composition of Munzij Drug (UNIM-040) 
The formulation under study is a Unani coded compound formulation i.e., 
UNIM-040 (Munzij). It is rough or coarse powder with the colour of the 
ingredients. It consists of the following ingredients in equal parts as given 
below:  

S. No. Name of the 
ingredient 

Botanical/Scientific Name Part used 

1.  Asl-us-Soos Glycyrrhiza glabra L. Root 
2.  Anjeer Zard Ficus carica L. Fruit 
3.  Badiyan Desi Foeniculum vulgare Mill. Fruit 
4.  Beikh-e-Badiyan Foeniculum vulgare Mill. Root 
5.  Parsiyaoshan Adiantum capillus-veneris 

L. 
Whole plant 

6.  Tukhm-e-Khatmi Althaea officinalis L. Seed 
7.  Tukhm-e-Khobazi Malva sylvestris L. Seed 
8.  Gul-e-Surkh Rosa damascena Mill. Flower 
9.  Maweez Munaqqa Vitis vinifera L. Fruit 
10.  Beikh-e-Karafs Apium graveolens L. Root 
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4.2. Profiling of Drugs Used in Munzij 

4.2.1. Asl-us-Soos 

Asl-us-Soos consists of dried, 
unpeeled, stolon and root of 
Glycyrrhiza glabra L. 
(Family: Fabaceae). It is 
commonly called in English: 
Liquorice root; Urdu: Mulethi, 
Asl-ul-Soos; Arabic: Asl-us-
Soos; Sanskrit: Yashtimadhu, 
Madhuka, etc. [30-31]. It is a 
tall perennial herb, upto 2 m 
high found cultivated in 
Europe, Persia, Afghanistan and to little extent in some parts of India. 
Glycyrrhiza is derived from the ancient Greek term glykos, meaning sweet, 
and rhiza, meaning root. A numbers of traditional healers have claimed the 
efficacy of Glycyrrhiza species for a variety of pathological conditions as 
a diuretic, choleretic and used as insecticide and indicated in traditional 
medicine for coughs, colds and painful swellings [32]. A number of 
components have been isolated from the roots of Glycyrrhiza glabra, 
including a water-soluble, biologically active complex that accounts for 40-
50 percent of total dry material weight. This complex is composed of 
triterpene saponin, flavonoids, polysaccharides, pectin’s, simple sugars, 
amino acids, mineral salts, asparagines, bitters, essential oil, fat, female 
hormone estrogen, gums, mucilage (Rhizome), protein, resins, starches 
(30%), sterols, volatile oils, tannins, glycosides, and various other 
substances [33-34]. The primary active ingredient, Glycyrrhizin 
(glycyrrhizic acid; glycyrrhizinate) constitutes 10–25% of liquorice root 
extract. It is a saponin compound (60 times sweeter than cane sugar) 
comprised of a triterpenoid aglycone, glycyrrhetic acid (glycyrrhetinic 
acid; enoxolone) conjugated to a disaccharide of glucuronic acid. 
Glycyrrhizin and glycyrrhetic acid can exist in the 18α and 18β 
stereoisomer forms [35]. Effectiveness of glycyrrhizin in the treatment of 
chronic hepatitis and liver cirrhosis is proved [36]. Glycyrrhizin, a 
triterpenoid compound, accounts for the sweet taste of licorice root. This 
compound represents a mixture of potassium-calcium-magnesium salts of 
glycyrrhizic acid that varies within a 2-25 percent range. Among the natural 
saponin, glycyrrhizic acid is a molecule composed of a hydrophilic part, 
two molecules of glucuronic acid, and a hydrophobic fragment, 
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glycyrrhetic acid [37]. The yellow color of licorice is due to the flavonoid 
content of the plant, which includes liquiritin, isoliquiritin (a chalcone), and 
other compounds [38]. Glycyrrhiza roots are used for its demulcent and 
expectorant property [39].  

It is also effective against anemia, gout, sore throat, tonsillitis, flatulence, 
sexual debility, hyperdypsia, fever, skin diseases, and swellings. Liquorice 
is effectively used in acidity, leucorrhoea, bleeding, jaundice, hiccough, 
hoarseness, bronchitis, vitiated conditions of Vatadosha, gastralgia, 
diarrhea, fever with delirium and anuria [40-41]. It is a vital ingredient in 
medicinal oils used for the treatment of rheumatism, hemorrhagic diseases, 
epilepsy and paralysis [41]. Glycyrrhizin showed chemopreventive, 
antioxidant, and antiproliferative activity when tested on animal model 
[42]. Flavonoid rich fractions include liquirtin, isoliquertin, liquiritigenin 
and rhamnoliquirilin. Five new flavonoids- glucoliquiritinapioside, 
shinflavanone, shinpterocarpin, prenyllicoflavone A, and 1-
methoxyphaseolin are isolated from dried roots [43]. The isoflavones 
glabridin and hispaglabridins A and B have considerable antioxidant 
activity. Both glabridin and glabrene have estrogen-like activity [44]. 
Many volatile components are present in roots e.g. geraniol, pentanol, 
hexanol, terpinen-4-ol, α-terpineol. Isolation of various compounds like 
propionic acid, benzoic acid, furfuraldehyde, 2,3 butanediol, furfuryl 
formate, maltol, 1-methyl-2-formylpyrrole, trimethylpyrazine etc from the 
essential oil is also reported [45]. The Indian variety of liquorice roots show 
2-methyliso–flavones and C liquocoumarin, 6-acetyl-5,hydroxy-4-
methylcoumarin (unusual coumarin). Asparagine is also present [46-47]. 
Glabridin is a chemical compound that is found in the root extract 
of licorice (Glycyrrhiza glabra). Glabridin is an isoflavane, a type of 
isoflavonoid [48]. 

 

Glycyrrhizin Carbenoxolone 
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Glabridin Glycyrrhetic acid 

Figure 2: Chemical structures of constituents reported in Glycyrrhiza 
glabra L. [49] 

4.2.2. Anjeer Zard 
Ficus carica L. (Family: 
Moraceae) is a deciduous 
shrub or small tree, native to 
the eastern Mediterranean 
area and to Asia. It is now 
commonly grown in all 
subtropical countries because 
of its edible, very nutrient 
fruits. These are known many 
common names in different 
part of the world such as Anjeer (India), fig (English), higo (Spanish), figue 
(French), fiege (German). Fruits have antipyretic aphrodiasic property. 
Figs are richest in mineral like copper, manganese, magnesium, potassium, 
calcium, vitamin k. they are good source of flavanoids and polyphenols 
including galic acid, chlorogenic acid, syringic acid, (+)- catechin, (-)- 
epicatechin and rutin [50-51]. Phytochemistry of the fruit revealed the 
presence of total phenolics, flavonoids, alkaloids and saponins and other 
secondary metabolites that contribute to its high antioxidant activity which 
was evident from ABTS and FRAP assays. Volatile components of fig fruit 
were identified through GC-MS and showed the presence of vitamin E, β-
amyrin, stigmasterol, campesterol, oleic acid, isoamyl laurate and ϒ 
tocopherols majorly. Dried figs are reported to be a good source of 
carbohydrates, sugars, minerals, vitamins, organic acids and phenolic 
compounds. Phenolic acids and flavonoids of northernmost fig fruits were 
also investigated and gallic acid, chlorogenic acid, syringic acid, catechin, 
epicatechin and rutin were identified. [52-54]. The phytochemistry of F. 
carica shows that it is a potent source of flavonoids and polyphenols and 
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various other compounds like arabinose, b-amyrins, b-carotines, 
glycosides, b-setosterols and xanthotoxol [55-57]. Alkaloids, flavonoids, 
coumarins, saponins and terpenes have also been reported in aqueous 
extract of the ripe dried fruit of Ficus carica [56]. Ficus carica has also 
been found to have antidiabetic, hypolipidemic [58], hepatoprotective, 
antispasmodic, antipyretic, antibacterial, antifungal, scavenging activity 
and immune response [59]. 

 
Figure 3: Chemical structures of constituents reported in Ficus carica L [70] 
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F. carica have numerous bioactive compounds such as mucilages, 
flavinoids, vitamins, enzymes, nicotinic acid, and tyrosin. Ficusin, 
bergaptene, stigmasterol, psoralen, taraxasterol, beta-sitosterol, rutin, 
sapogenin, Calotropenyl acetate, lupeol acetate and oleanolic acid 
sistosterol are present in the leaf. The plant also contains arabinose, β-
amyrins, β-carotines, glycosides, β-setosterols and xanthotoxol16-18. 
Umbelliferone19,20, campesterol, fucosterol, fatty acids 21, 6-(2- 
methoxyZ-vinyl)-7-methyl-pyranocoumari and 9,19-cycloarlane 
triterpenoid as an anticancer22 and 6-Oacyl-β-Dglucosyl -β-sitosterol 23, 
calotropenyl acetate, and lupeol acetate 24 as an antiprol iferative agent 
[60]. In recent papers (7-9) the presence of polyphenols, particularly of 
some flavonoids such as quercetin, Quercitrin hydrate and luteolin, with 
antioxidant and radical scavenging activitiy, has been detected [61]. Figs 
have a laxative effect and contain many antioxidants. It is also used in 
various disorders such as gastrointestinal, respiratory, inflammatory, 
cardiovascular disorder, ulcerative diseases and cancers [62-65]. In 
traditional medicine the fruits which are sweet have antipyretic, purgative, 
aphrodiasic properties [66-67]. It acts as antioxidant activity, 
antispasmodic activity [68-69]. 

4.2.3-4. Badiyan Desi (Fruit) and Beikh-e-Badiyan (Root) 
Foeniculum vulgare Mill. 
(Family: Apiaceae). It is a 
small genus of annual, 
biennial or perennial herbs 
distributed in central 
Europe and Mediterranean 
region. F. vulgare widely 
cultivated throughout the 
temperate and tropical 
regions of the world for its 
aromatic fruits, which are 
used as a culinary spice. A 
bioguided isolation of an 
aqueous extract of fennel 
waste led to the isolation of 
12 major phenolic 
compounds. Eight new 
compounds were isolated 
and identified. 3-



 

 

UPLC Fingerprinting and Pharmacopoeial Studies of  25Unani Coded Compound Formulation UNIM-040 

caffeoylquinic acid, 4-caffeoylquinic acid, 1,5-O-dicaffeoylquinic 
acid, rosmarinic acid, eriodictyol-7-O-rutinoside, quercetin n-3-O-
galactoside, kaempferol-3-O-rutinoside, and kaempferol-3-O-
glucoside [71]. Qualitative and quantitative differences among the 
constituents in various fennel teas prepared by classical infusion, 
microwave decoction, and dissolution were reported. Chlorogenic 
acid, quercetin-3-O-beta-D-glucuronide were identified by HPLC-
DAD and HPLC-MS as constituents of fennel teas. In addition, minor 
unidentified flavonol constituents were found in two teas [72]. Two 
diglucoside stilbene trimers and a benzoisofuranone derivative were 
isolated from fennel fruit [73]. Seven phenolic acids; viz., tannic, 
gallic, caffeic, cinnamic, chlorogenic, ferulic and vanillic acids were 
identified on the basis of their retention time with standard compounds 
and cochromatography [74]. Identification of water-soluble phenolic 
compounds in fennel waste reported forty-two phenolic substances, 27 
of which had not previously been reported in fennel, including 
hydroxycinnamic acid derivatives, flavonoid glycosides, and 
flavonoid aglycons [75]. A reversed-phase HPLC method for 
analyzing phenolic compounds in fennel has also been developed. The 
method was validated for the major phenolic compounds present in 
fennel plant material: 3-O-caffeoylquinic acid β-CQA), chlorogenic 
acid, 4-O-caffeoylquinic acid (4-CQA), eriocitrin, rutin, miquelianin, 
1,3-O-dicaffeoylquinic acid (1,3-diCQA), 1, 5-O-dicaffeoylquinic acid 
(1,5-diCQA), 1,4-O-dicaffeoylquinic acid (1,4-diCQA) and rosmarinic 
acid [76]. 

Herbal drugs and essential oils of fennel have hepatoprotective 
effects [77], as well as antispasmodic effects [78]. They are also 
known for their diuretic, anti-inflammatory, analgesic and 
antioxidant activities [79]. Anand et al [80] reported that fennel seed 
possesses anticancer activity. Recently it was shown that fennel 
essential oil possesses emmenagogue and galactagogue properties 
[81] and is a cure for pediatric colic and respiratory disorders due to 
its antispasmodic effects [82-83]. Many phytochemical studies have 
been conducted to investigate the chemical composition of the 
essential oil of fennel from different origins and have shown that the 
major components are phenylpropanoid derivatives and 
monoterpenoids [84-86]. 
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Molecular structures of some phenols and phenolic glycosides isolated 
from Foeniculum vulgare 
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1) α-Pinene, 2) Camphene, 3) Sabinene, 4) β-Pinene, 5) Myrcene,  
6) Phellandrene, 7)  o-Cymene, 8) Limonene, 9) Eucalyptol, 10) 
Terpinene, 11)  Fenchone, 12) Linalool, 13) Camphor, 14) Estragole, 15) 
Fenchyl acetate, 16) Cumic aldehyde, 17) p-Anisaldehyde, 18) trans-
Anethole [87]. 

Figure 4: Chemical composition of the essential oils of Foemiculum 
vulgare Mill 
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4.2.5. Parsiyaoshan (Parsiaoshan) 
Adiantum capillus-veneris 
L. (Family: Adiantaceae) is 
one of the most common 
pteridophyte species with 
potential importance for 
medicinal and nutritive 
purpose. Adiantaceae 
generally occur in the 
mountainous region of 
throughout India; in plains 
they grow on rocks, 
inhabiting in shady places 
near swamps and on slopes of lower hills. Adiantum capillus-veneris. 
L. is a wooden herb with a height of about 35 centimeters, with 
crowning rhizome. It grows in south Europe, on the Alps Mountains, 
on the Atlantic seashore and also in Iran [88]. The synonyms of the 
plant include Adiantum capillus, A. michelii, A. modestum, A. schaffneri, 
and A. tenerum. Its most common names are avenca and maidenhair fern 
[89]. The plant prefers light (sandy), medium (loamy) and heavy (clay) 
soils and requires well-drained soil.  

Chemical analysis of Adiantum capillus-veneris reveals an array of 
compounds including flavonoids, triterpenoids, oleananes, 
phenylpropanoids, carbohydrates, carotenoids, and alicyclics. The primal 
phytochemical investigation on the leaf extract of Adiantum capillus-
veneris. L exhibited a triterpenoid as 21-Hydroxy Adiantone that its 
structure was elucidated by spectroscopic analyses [90], a triterpenoid 
epoxide was isolated that was identified by NMR and mass spectra as 
adiantoxide [91]. Many kinds of triterpenoids such as Adiantone, Fern- 
9(11)-en-12-one, Isoadiantone, Isoglaucanone, (Isoglucose) 
Hydoxyhopane, (Hydroxypropane) Isoadiantol and Hydroxyadiantone 
(Hydroxyadamantane) were isolated from leaves of Adiantum capillus-
veneris [92-93]. In addition, the isolation of Olean-12-en-3-one and Olean-
18-en-3-one was reported. In fact, these oleananes were the first examples 
of oleanane compounds from Adiantum ferns. Several other triterpenoids 
like Fern-9(11)-ene, Ferna-7, 9(11)-diene, 7-Fernene, Hop- 22(29)-ene, 
Filic-3-ene and Neohop-12-ene were isolated from the leaves of plant, and 
their structures were determined by spectral and chemical methods [94]. In 
traditional herbal medicinal system, Adiantum capillus-veneris is used as 
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expectorant, diuretic, febrifuge, as hair tonic, in chest diseases, in catarrhal 
infection, to treat hard tumours in spleen, antimicrobial and 
anticancerous[95-99]. It is effective with female conditions and is used to 
regulate menstruation, dysmenorrhoea, and facilitate childbirth by 
speeding up the labor. It seems most effective for young women and those 
having trouble getting back on cycle after birthing, nursing, or coming off 
birth control pills [100-101]. A decoction of the whole plant is also mixed 
with milk and drunk as an anti-icteric. Externally, it is rubbed to prevent 
hair loss [102].  

 

 

 

 

 

 
Figure 5: Chemical structures of constituents reported in Adiantum capillus-

veneris L. 
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4.2.6. Tukhm-e-Khatmi 
Tukhm-e-Khatmi consists of dried seeds of 
Althaea officinalis L. (Family: 
Malvaceae), a perennial, uniformly downy 
herb occurring in Kashmir region 
indigenous to Europe, Western Asia, 
and North Africa, which is used as 
a medicinal plant. The vernacular names 
are in English: Marsh Mallow; Hindi: 
Khatmi; Kashmiri: Saze Posh. The seeds 
are small to moderate size, approximately 6 mm, usually brownish black, 
reniform, rugose, and hairy at margins; become mucilagenous when soaked 
in water [103-104]. It is a very useful household medicinal herb. It’s 
soothing demulcent properties make it very effective in treating 
inflammations and irritations of the mucous membranes such as the 
alimentary canal, the urinary and the respiratory organs. It is also applied 
externally to bruises, sprains, aching muscles, insect bites, skin 
inflammations, splinters etc. A. officinalis is widely used in the irritation of 
oral, pharyngeal mucosa and associated dry cough, mild gastritis, skin 
burns and for insect bites. It is also used in catarrh of the mouth, throat, 
gastrointestinal tract and urinary tract, as well as for inflammation, ulcers, 
abscesses, burns, constipation and diarrhoea [105]. Quercitrin reported to 
be present [106]. 

4.2.7. Tukhm-e-Khubbazi  

Tukhm-e-Khubbazi is a dried seeds 
of Malva sylvestris L. (Family: 
Malvaceae). It is a biennial– 
perennial herbaceous plant that 
originated in southern Europe and 
Asia, but is found as a weed in most 
parts of the world. Malva sylvestris 
L. or common mallow is known by 
different synonyms and vernacular 
names such as Panirak, Khubbazi, 
Tole in Iran, Malva, Marva in Italy 
[107], Malva in Portugal [108] and Ebegumeci, Gomecotu in Turkey [109]. 
It is well known in national medicine as expectorant, anti-inflammatory, 
enveloping properties. Phenolic compounds – is one of the most ubiquitous 
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groups of biologically active substances in the plant organism, which is 
known for a wide range of pharmacological activity, primarily as a 
substance capable of regulating the prooxidant-antioxidant homeostasis. 
Flavonoid aglycones – luteolin and quercetin and coumarin have been 
identified at a wavelength of 255 nm in the herb of Malva sylvestris. 
Among all the phenolic compounds in the herb of Malva sylvestris by 
majority component as luteolin content of which is 96.12 mg/100 g. Many 
local wild plants such as Malva sylvestris L. are used in both food and 
medicine. Traditional phytotherapy uses include the treatment of cough, 
inflammatory diseases of mucous membranes, non-specific dermatitis, 
stomach ache, and sore throat [107,109]. The most typical preparations are 
aqueous extractions. These plants are very demulcent with slight nervine 
tonic properties [110-111]. Terpenoids, phenolic acids and anthocyanins 
were identified in water leaf extract of the plant [112] antioxidant and 
antiprotozoic activities [113]; M. sylvestris extracts are reported for their 
radical scavenging effect [114]. 

4.2.8. Gul-e-Surkh 
Gul-e-Surkh consists of dried flowers of Rosa 
damascena L. (Family: Rosaceae); a small 
erect shrub, cultivated in gardens. It is 
commonly known in Arabic: Ward; English: 
rose flower; Hindi: Gulab, Gulab-phool; 
Persian: Gul, Gul-e-Surkh, Gul-e-Surkh. The 
Flower is stalked, pinkish-yellow, consists of 
sepals, petals and stamens attached to pedicel 
with thalamus at the base; stalk 0.6-3.5 cm 
long, light green, slender, covered with numerous prickles and hairs; 
thalamus 1.0-1.8 cm long, light greenish-brown, covered with numerous 
prickles and hairs; sepals 5, free, 1.3–2.4 cm long, unequal, leaf-like, upper 
part creamish-green and light yellowish-green on lower part, having 
glandular hairs; petals numerous, pinkish-yellow, 1.5-4.2 cm long, 1.3–2.5 
cm wide, smooth obovate to sub-cordate; stamens numerous, free, unequal, 
dorsifixed, dark-brown; filament 0.3-0.5 cm long; carpels many free, ovary 
inferior; styles lateral, hairy, free; stigma terminal; taste astringent; odour 
aromatic [115]. Rosa genus, belonging to the Rosaceae family, includes 
200 species and more than 18,000 cultivars. One of the most important 
Rosa species is Rosa damascena Mill., which is known as “Gul-e-
Mohammadi” in Persian. This plant is called Damask rose because it was 
originally brought to Europe from Damascus [116], and primarily 
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cultivated in Turkey, Bulgaria, Iran, India, Morocco, South France, China, 
South Italy, Libya, South Russia and the Ukraine in the world [117]. It is 
reported to possess anticancer [118], anti-aging [119], laxative/purgative 
[120], hypolipidemic [121-122], antidiabetic [123], antibacterial [124] and 
antimicrobial activities [125]. In Unani System of Medicine, it is also 
known as “Gul-e-Surkh”, widely used as ingredient of various polyherbal 
formulation e.g. “Safoof-e-Muhazzil” for the treatment of obesity [126]. 
Roses have been also used in the food, perfumery, and cosmetics industries 
for many years. The economic importance of roses also lies in the use of 
their petals as a source of natural and enthuastic fragrances and  
flavourings [127]. 

4.2.9. Maweez Munaqqa 
The drug Maweez Munaqqa consists of 
dried mature fruits of Vitis vinifera L. 
(Family: Vitaceae); a deciduous climber, 
mostly cultivated in north western India, 
Punjab, Himachal Pradesh-and Kashmir for 
their use as dessert fruit. However, the dried 
fruits, known in trade as ‘Raisins’, are 
mostly imported into India from the Middle 
East and Southern European countries. Fruit 
a berry, sticky and pulpy, dark brown to 
black; oblong or oval, sometimes spherical; 
1.5-2.5 cm long and 0.5-1.5 cm wide; outer skin irregularly wrinkled 
forming ridges and furrows; usually contain 1-4 seeds, 4-7 mm long, ovoid 
rounded to triangular or simply ovoid, brown to black; odour sweetish and 
pleasant; taste sweet [128-129]. The chemical constituents reported to 
contain are Malic, Tartaric & Oxalic Acids, Carbohydrates and Tannins. 

4.2.10. Beikh-e-Karafs 
Beikh-e-Karafs consists of 
dried roots of Apium 
graveolens L. (Family: 
Apiaceae), an erect herb with 
conspicuously jointed stems 
grown in India. Root-
Numerous, upto 15 cm long 
and 1.5 cm thick, filiform, 
tapering, rougn, wrinkled, 
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having root hairs; externally dirty white, internally pale in colour; fracture 
smooth; odour none; taste none [130]. It is commonly found in foot hills of 
Himalayas [131-33]. It is an erect, annual or biennial herb. The roots are 
numerous, succulent and well developed. The preliminary phytochemical 
analysis revealed the presence of carbohydrates, flavonoids, alkaloids, 
steroids, glycosides and wide range of trace elements in the methanolic 
extract of seeds of Apium graveolens [134-135]. Apigenin has been isolated 
from A. graveolens that has vasodilatory action [136]. Active constituents 
reported are isoimperatorin, isoquercitrin, linoleic acid, magnesium, p-
cymene, phosphorus, guaiacol, silicon, terpinene-4-ol, 3-N-butyl-
phthalide, umbelliferone, Vitamin A, C, B. apiol, zinc. Volatile oil, 
containing dlimonene, with a-selinene, santalol, a and b eudesmol, 
dihydrocarvone. Phthalides, ligustilide, sedanolide, and sedanenolide, 
bergapten, isopimpinellin, apiumoside and celeroside. 3-butyl-4,5-
dihydrophthalide, coumarins (seselin, osthenol, apigravin, celerin), 
furanocoumarins (including bergapten), flavonoids (apigenin, apiin), 
phenolic compounds, choline and unidentified alkaloids. Celery is rich in 
betacarotene and folic acid [137]. Medical uses Aperient, carminative; 
uricosuric; Antispasmodic; diuretic, emmenagogue, galactogogue, nervine, 
stimulant, tonic. Celery is said to promote the elimination of uric acid. It is 
an aromatic bitter tonic herb that reduces blood pressure, relieves 
indigestion, stimulates the uterus and acts as anti-inflammatory [138]. The 
ripe seeds, herb and root are uricosuric, nervine, stimulant and tonic [139]. 
Apium graveolens (celery) contained carbohydrates, flavonoids, alkaloids, 
steroids, glycosides, phenols, furocoumarins, volatile oils, sesquiterpene 
alcohols, fatty acids and wide range of trace elements. The previous 
pharmacologic studies showed that Apium graveolens exerted 
gastrointestinal, cardiovascular, cytotoxic, antimicrobial, antihelminthic, 
hypolipidemic, anti-inflammatory, central nervous and many other 
pharmacological effects [140]. 

  
Asl-us-Soos Anjeer Zard 
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UNIM-040 (Formulation) 

Figure 6:  Photograph of formulation UNIM-040 and its ingredients used 
in the study 

4.3. Quality Control Analysis 

4.3.1. Quality Control Report: Asl-us-Soos 
I. Name of the Drug: Asl-us-Soos (UPI I (I) p.9) 

II. Botanical Name: Glycyrrhiza glabra L. (Fabaceae) 
III. Origin: Plant   

IV. Part: Root/ Stolon  

V. Form: Fragmented 

VI. Appearance: Normal  

VII. Foreign matter: 0.036% (Not more than 2%) 

Morphological features 

Macroscopic: Stolon and root yellowish-brown or dark-brown outer layer, 
externally longitudinally wrinkled, transversely cut surface shows a 
cambium ring, about one third of radius from outer surface and a small 
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central pith, root similar without a pith, cut pieces upto 2 cm in diameter 
and 5-10 cm in length; odour faint and characteristic and taste sweet. 

Microscopic: T.S. of stolon shows circular in outline; cork consisting of 
10-20 or more layers of narrow tabular cells; secondary cortex consisting 
of 3-5 layers of radially arranged thin walled parenchyma cells; secondary 
phloem a broad band. Secondary xylem consisting of vessels, fibres and 
parenchyma; prisms of calcium oxalate crystals present in the parenchyma; 
numerous starch grains present in the entire parenchyma. T.S. of root 
resembles with that of stolon but pith absent and four well marked principle 
medullary rays from the centre to the cork. 

VIII. Chemical identification tests 
1. Major ingredients reported: Glycyrrhizic acid, Glycyrrhizin, 
Glycyrrhetinic acid. 

2. Identity purity and strength: 
Total ash: 6.4985 w/w% (Not more than 10 %)  

Acid Insoluble Ash: 1.5904w/w% (Not more than 2.5%) 

Alcohol-Soluble Extractive: 21.5721 w/w% (Not less than 10%) 

Water-Soluble Extractive: 23.9880w/w% (Not less than 20%) 

Loss in wt. on drying at 1050C: 7.1694 w/w% 

IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under 
UV (366 nm) eight spots at Rf values 0.14 (blue), 0.20 (blue), 0.29 (blue), 
0.40 (blue), 0.49 (blue), 0.64 (blue), 0.73 (light blue), and 0.77 (light 
green). Upon exposure to Iodine vapour shows four spots at Rf values 0.29, 
0.40, 0.49, 0.64 (all brown). Under UV 254 nm shows five spots at Rf 
values 0.29, 0.40, 0.49, 0.64, 0.99 (all black). 

X. Safety Evaluation  

1. Microbial Contamination: 
Total Bacterial Load: 33 x102 (Not more than 105 / g); 

Salmonella Spp: Nil         

Escherichia. Coli: Nil;  

Total Fungal count: 14 x102 (Not more than 103/g) 
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2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm) 

B2: Nil (Not more than 0.10ppm) 

G1: Nil (Not more than 0.50 ppm) 

G2: Nil (Not more than 0.10 ppm) 

4.3.2. Quality Control Report: Anjeer Zard 

I. Name of the Drug: Anjeer Zard 

Botanical Name: Ficus carica L. (Family: Moraceae)  

II. Origin: Plant   

III. Part: Fruit  

IV. Form: Entire  

V. Appearance: Normal  

VI. Foreign matter: Nil 

VII. Morphological features: 
Macroscopic: Dried fruits of F. carica L are compressed to a circular shape 
with a central hole, 4-6 cm in diameter, 1cm thick. Surface of the fruit is 
wrinkled and light yellow to brown in colour. The fruit contains many small 
seeds in pulpy mesocarp. 

Microscopic: In T.S. section epidermis of the epicarp consists of single 
layer of oval or barrel shaped cells coated with thick cuticle. Hypodermal 
region consists of thick walled collenchymatous cells which are almost 
hexagonal to polygonal and 3-5 cells in thickness. These cells contain 
yellowish-brown contents. Few cells contain rosette crystals of calcium 
oxalate, brownish-black in colour. Odour indistinct, taste sweetish. 

VIII. Chemical identification tests 
1. Major ingredients reported: a) Sugars b) Amino acids/ Proteins c) 
Glycosides d) Tannins 

Millon’s test: Positively reacted to millon’s test confirming the presence 
of proteins 
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Glycosides: To alc. ext. of the drug add 1ml of water and add aq. sodium 
hydroxide solution and formation of yellow colour indicated the presence 
of glycosides 

Tannins: Positively reacted towards FeCl3 reagent confirm presence of 
tannins 

2. Content of the major ingredient in the sample 

Total Ash    : 2.8799 w/w% 

Acid Insoluble Ash   : 0.2843 w/v% 

Alcohol-Soluble Extractive  : 6.8885 w/v% 

Water-Soluble Extractive  : 74.0168 w/v% 

Loss in wt. on drying at 1050C : 12.6239 w/w% 

IX. Thin Layer Chromatography: TLC of the methanolic extract on 
Silica gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows 
under UV (366 nm) one spots at Rf value 0.83 (light green). Upon exposure 
to Iodine vapour shows two spots at Rf values 0.60, 0.99 (all brown). Under 
UV 254 nm shows one spot at Rf value 0.99 (black). 

X. Safety Evaluation  
1. Microbial Contamination: Total Bacterial Load: 13x10 (Not more than 
105 / g); 

Salmonella Spp: Nil         

Escherichia. Coli: Nil  

Total Fungal count: Nil (Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm);  

B2: Nil (Not more than 0.10ppm) 

G1: Nil (Not more than 0.50 ppm);  

G2: Nil (Not more than 0.10 ppm) 
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4.3.3. Quality Control Report: Badiyan  
I. Name of the Drug: Badiyan 

Botanical Name: Foeniculum vulgare L. (Apiaceae) 

II. Origin: Plant    

III. Part: Dried ripe fruits  

IV. Form: Entire 

V. Appearance: Normal   

VI. Foreign matter: Nil   

VII. Morphological Features (Macroscopic) 
Macroscopic: Fruits, usually entire with pedicel attached; mericarps, upto 
about 100mm long and 4mm broad, five sided with a wider commissural 
surface, tapering slightly towards base and apex, crowned with a conical 
stylopod, glabrous, greenish or yellowish-brown with five paler prominent 
primary ridges; endosperm; orthospermous. Odour characteristically 
aromatic, taste sweetish. 

Microscopic: Transverse section of fruit shows pericarp with outer 
epidermis of quadrangular to polygonal cells with smooth cuticle and a few 
stomata; trichomes, absent; vittae, 4 dorsal and 2 commissural extending 
with length of each mericarp, intercostal, with an epithelium of brown cells 
and volatile oil in cavity; mesocarp, with much reticulate lignified 
parenchyma; each with 1 vascular strand having 1 inner xylem strand and 
2 lateral phloem strands separated by a bundle of fibers. 

VIII. Chemical identification: Essential oil and fixed oil. 

Total Ash: 9.2796 w/w% (Not more than 12 %) 

Acid Insoluble Ash: 4.7957 w/w% (Not more than 15 %) 

Alcoholic-Soluble Extractive: 9.6925 w/w% (Not less than 4%) 

Water-Soluble Extractive: 8.8270 w/v % (Not less than 1%) 

Volatile Oil: 1.46v/w % (Not less than 1.45 v/w %) 

Loss in wt. on drying at 105 0C: 7.7049 w/w% 

IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under 
UV (366 nm) three spots at Rf values 0.26 (red), 0.40 (blue), and 0.99 (light 
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red). Upon exposure to Iodine vapour shows two spots at Rf values 0.60, 
0.97 (all brown). Under UV 254 nm shows two spots at Rf values 0.60, 0.97 
(all black). 

X. Safety Evaluation 

1. Microbial Contamination   

Total Bacterial Load: 40 x102 (Not more than 105 / g); 

Salmonella Spp: Nil       

Escherichia. Coli: Nil 

Total Fungal count: 46 x 10 (Not more than 103 / g) 

2. Aflatoxin Contamination  

B1: Traces (Not more than 0.50 ppm) 

B2: Nil (Not more than 0.10 ppm) 

G1: Nil (Not more than 0.50 ppm) 

G2: Nil (Not more than 0.10 ppm) 

4.3.4. Quality Control Report: Beikh-e-Badiyan 
I. Name of the Drug: Beikh-e-Badiyan 

Botanical Name: Foeniculum vulgare L. (Apiaceae) 

II. Origin: Plant   

III. Part: Root           

IV. Form: Fragmented 

V. Appearance: Normal  

VI. Foreign matter: Nil (Not more than 2%) 

VII. Morphological features  
Macroscopic: The crude drug occurs in broken pieces of 1-3cm length and 
about 0.5-0.75 cm in diameter. The bark is thin yellowish in colour, striated 
longitudinally as well as transversely, the transverse striations more 
prominent. The inner surface of the bark is smooth and straw coloured. The 
bark encloses the straw coloured wood which occupies the greatest portion 
of the root. The fracture is uneven. 
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Microscopic: The cross section of root, about 2mm thick, is almost circular 
in outline. The periderm is composed of 5-7 layers of cork cells mostly 
radially elongated. The outermost cells of the tissues are ruptured. These 
cells of the tissues are little lignified as they stain light red with safranin.  

VIII. Chemical identification tests 
1. Major ingredients reported: Flavonoids, glycosides, Alkaloids, 
Tannins. 

Phytochemical test for above phytoconstituent resulted positive confirming 
their presence. 

2. Content of the major ingredient in the sample: 
Total Ash    : 6.5902 w/w%  

Acid Insoluble Ash   : 3.0572 w/w%  
Alcoholic-Soluble Extractive   : 4.3829 w/w%  
Water-Soluble Extractive  : 8.3899 w/w%  
Loss in wt. on drying at 1050C : 7.4789 w/w% 
IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under 
UV (366 nm) five spots at Rf values 0.26 (red), 0.40 (blue), 0.49 (light 
blue), 0.76 (light blue), and 0.83 (green). Upon exposure to Iodine vapour 
shows one spot at Rf value 0.59 (brown). Under UV 254 nm shows one 
spot at Rf value 0.59 (black). 

X. Safety Evaluation:  

1. Microbial Contamination 
Total Bacterial Load : 32 x102 (Not more than 105 / g) 

Salmonella Spp : Nil        

Escherichia. Coli : Nil   

Total Fungal count : 17x102 (Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm) 
B2: Nil (Not more than 0.10ppm) 
G1: Nil (Not more than 0.50 ppm) 

G2: Nil (Not more than 0.10 ppm) 
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4.3.5. Quality Control Report: Parsiyaoshan  
I. Name of the Drug: Parsiyaoshan 

Botanical Name: Adiantum capillus-veneris L. (Fam. Adiantaceae) 

II. Origin: Plant   

III. Part: Whole plant           

IV. Form: Fragmented 

V. Appearance: Normal  

VI. Foreign matter: 0.015 % (Not more than 2%) 

VII. Morphological features  
Macroscopic: Brown, soft with variable lengths upto 7 mm in thickness, 
paleae covering the rhizome, root present. Well branched, black coloured, 
thin, wiry and arising in clusters from the underside of the rhizome.  

Microscopic: Root–Epidermis single layered; cuticle present; cortex of two 
zones, outer parenchymatous usually 3 layered and inner sclerenchymatous. 
Rhizome–Epidermis single layered, thin walled; cuticle present; cortex 
parenchymatous filled with starch grains; Epidermis single layered with thick 
cuticle, followed by sclerenchymatous cortex; vascular bundle consists of 
single layered endodermis and pericycle. Dark reddish brown, spiral vessels, 
fibres, starch grains 10 to 20 µ, epidermis with stomata present. 

VIII. Chemical identification tests 
1. Major ingredients reported: Flavonoids, glycosides, Alkaloids, 
Tannins. 

Phytochemical test for above phytoconstituent resulted positive confirming 
their presence. 

2. Content of the major ingredient in the sample: 
Total Ash   : 8.8460 w/w% (Not more than 15 %) 

Acid Insoluble Ash  : 6.9263 w/w% (Not more than 10 %) 

Alcoholic-Soluble Extractive  : 32.8077 w/w% (Not less than 10%) 

Water-Soluble extractive : 7.6462 w/w% (Not less than 4%) 

Loss in wt. on drying at 1050C: 7.4929 w/w% 
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IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under 
UV (366 nm) eight spots at Rf values 0.13 (red), 020 (red), 0.26 (red), 0.40 
(red), 0.71 (red), 0.83 (light green), 0.91 (red), and 0.99 (red). Upon 
exposure to Iodine vapour shows one spot at Rf value 0.71 (brown). Under 
UV 254 nm shows one spot at Rf value 0.71 (black). 

X. Safety Evaluation:  

1. Microbial Contamination 
Total Bacterial Load: 14x103 (Not more than 105 / g) 

Salmonella Spp: Nil         

Escherichia. Coli: Nil 

Total Fungal count: 27x102 (Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm) 

B2: Nil (Not more than 0.10ppm) 

G1: Nil (Not more than 0.50 ppm) 

G2: Nil (Not more than 0.10 ppm) 

4.3.6. Quality Control Report: Tukhm-e-Khatmi  
I. Name of the Drug : Tukhm-e-Khatmi [UPI I (V) 99] 

Botanical Name : Althaea officinalis L. (Family: Malvaceae)  

II. Origin: Plant    

III. Part: Seed            

IV. Form: Entire 

V. Appearance: Normal   

VI. Foreign matter: Nil 

VII. Morphological features: 
Macroscopic: Small to moderate size, approximately 6mm, usually 
brownish-black, reniform, hairy at margins; become mucilaginous when 
soaked in water. A bland taste, brittle. 
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Microscopic: Single layered outer epidermis, with numerous non-
glandular single celled, thick-walled trichomes and coated with layer of 
mucilage, elongated thick walled ridged malpighian cells, patches of 
parenchyma with mucilage and starch grains, rosette crystals of calcium 
oxalate and stellate hairs. 

VIII. Chemical identification tests 

When treated with 1% ruthenium red, powder becomes pink in colour 
showing the presence of mucilage. 

1. Major ingredients reported: Glucose, sucrose, Beta-sitosterol. 

2. Content of the major ingredient in the sample 
Total Ash    : 7.4656 w/w %  
Acid Insoluble Ash   : 3.7739 w/w %  
Alcoholic-Soluble Extractive   : 2.0873 w/v %  
Water-Soluble Extractive  : 6.6340 w/w%  
Loss in wt. on drying at 1050C : 6.4503 w/w% 

IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under 
UV (366 nm) two spots at Rf values 0.40 (blue), and 0.86 (light green). 
Upon exposure to Iodine vapour shows four spots at Rf values 0.40, 0.60, 
0.91, 0.99 (all brown). Under UV 254 nm shows six spots at Rf values 0.26, 
0.31, 0.60, 0.86, 0.91, 0.99 (all black). 

X. Safety Evaluation  

1. Microbial Contamination 
Total Bacterial Load : 14x103 (Not more than 105 / g) 

Salmonella Spp : Nil         

Escherichia. Coli : Nil   

Total Fungal count : 30 x 102 (Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm) 
B2: Nil (Not more than 0.10ppm) 
G1: Nil (Not more than 0.50 ppm) 
G2: Nil (Not more than 0.10 ppm) 
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4.3.7. Quality Control Report: Tukhm-e-Khubbazi 
I. Name of the Drug : Tukhm-e-Khubbazi 

Botanical Name : Malva sylvestris L.  (Malvaceae) 

II. Origin  : Plant   

III. Part  : Seed          

IV. Form  : Entire 

V. Appearance : Normal  

VI. Foreign matter : Nil 

VII. Macroscopic 
1. Fruit schizocarp, 3.0-6.0 mm in diameter and 1.5-2.5 mm in thickness, 
brown to dark brown-brown enclosing a curved embryo, mucilaginous on 
chewing and slightly bitter in taste.  

2. Pericarp consist epidermis with elongated large rectangular, thick walled 
parenchymatous cells, cuticle present. 

VIII. Chemical identification tests 
1. Major ingredients reported: a) Palmitic, myristic, stearic, oleic and 
lauric acids and beta sitosterol. 

2. Content of the major ingredient in the sample 
Total Ash    : 10.3968 w/w %  

Acid Insoluble Ash   : 6.9356 w/w%  

Alcoholic Soluble Extractive   : 7.0052 w/w%  

Water Soluble Extractive  : 12.7475 w/w%  

Loss in wt. on drying at 1050C : 7.5632 w/w% 

IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under 
UV (366 nm) three spots at Rf values 0.11 (light red), 0.26 (red), and 0.83 
(light green). Upon exposure to Iodine vapour shows one spot at Rf value 
0.59 (brown). Under UV 254 nm shows one spot at Rf value 0.59 (black). 
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X. Safety Evaluation  

1. Microbial Contamination 
Total Bacterial Load : 28x103 (Not more than 105 / g) 

Salmonella Spp : Nil        

Escherichia. Coli : Nil 

Total Fungal count : 46 x 102(Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm)  

B2: Nil (Not more than 0.10ppm) 

G1: Nil (Not more than 0.50 ppm)  

G2: Nil (Not more than 0.10 ppm) 

4.3.8. Quality Control Report: Gul-e-Surkh 
I. Name of the Drug :  Gul-e-Surkh 

Botanical Name :  Rosa damascene Mill. (Rosaceae) 

II. Origin  : Plant   

III. Part  : Flower    

IV. Form  : entire 

V. Appearance : Normal  

VI. Foreign matter : 0.002% (NMT 2%) 

VII. Morphological Features 
The drug Gul-e-Surkh consists of dried flowers.  

Macroscopic: Small intact flowers including prickly pedicel and separated 
floral parts, apex-attenuate, entire, 1.5-2.0 cm long and 0.4 to 0.7 cm broad, 
reddish-brown; petals many; stamens many inserted on the disc pistil 
apocarpous, carpels free but wholly enclosed within calyx tube. Odour 
characteristically aromatic, taste sweetish 

VIII. Chemical identification tests 
1. Major ingredients reported: Essential Oil. 
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2. Content of the major ingredient in the sample:  
Total Ash   : 5.2024 w/w% (Not more than 7.5%)  

Acid Insoluble Ash  : 0.0151 w/w% (Not more than 1.0 %) 

Alcohol Soluble Extractive : 22.8814 w/w% (Not less than 15%)  

Water-Soluble Extractive : 37.3512 w/w% (Not less than 24 %) 

Loss in wt. on drying at 105OC: 7.8270 w/w% 

IX. Thin Layer Chromatography: TLC of the methanolic extract on 
Silica gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows 
under UV (366 nm) four spots at Rf values 0.23 (green), 0.26 (light red), 
0.40 (light green), and 0.50 (light green). Upon exposure to Iodine vapour 
shows four spots at Rf values 0.06, 0.23, 0.57, 0.99 (all brown). Under UV 
254 nm shows three spots at Rf values 0.06, 0.23, 0.57 (all black). 

X. Safety Evaluation  

1. Microbial Contamination 
Total Bacterial Load : 20x102 (Not more than 105/g) 

Salmonella Spp  : Nil 

Escherichia. Coli : Nil 

Total Fungal count : 15x10(Not more than 103/g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm) 

B2: Nil (Not more than 0.10ppm) 

G1: Nil (Not more than 0.50 ppm) 

G2: Nil (Not more than 0.10 ppm) 

4.3.9. Quality Control Report: Maweez Munaqqa 
I. Name of the Drug : Maweez Munaqqa 

Botanical Name : Vitis vinifera L. (Vitaceae) 

II. Origin  : Plant    

III. Part  : Dried mature Fruit          

IV. Form  : Entire 
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V. Appearance : Normal   

VI. Foreign matter : Nil 

VII. Morphological Features  
Macroscopic: Fruit a berry, sticky and pulpy, dark brown to black; oblong 
or oval, sometimes spherical; 1.5-2.5 cm long and 0.5-1.5 cm wide; outer 
skin irregularly wrinkled forming ridges and furrows; usually contain 1-4 
seeds, 4-7 mm long, ovoid rounded to triangular or simply ovoid, brown to 
black; odour sweetish and pleasant; taste sweet. 

Microscopic: A single layered epidermis cells filled with reddish-brown 
contents; mesocarp pulpy, made up of thin-walled, irregular cells 
containing prismatic crystals of calcium oxalate, measuring 13.75-41 11 in 
diameter; some fibro-vascular bundles also present in this region; seeds 
composed of testa and endosperm; testa composed of thick-walled 
yellowish cells; endosperm composed of angular parenchymatous cells 
containing oil globules and cluster crystals of calcium oxalate, measuring 
11-16 11 in diameter. 

VIII. Chemical Identification Tests 
1. Major ingredients reported: a) Carbohydrates and Tannins. 

Benedicts test: Positively reacted to Benedict’s reagent confirm presence 
of carbohydrates. 

Tannins: Positively reacted towards FeCl3 reagent confirms presence of 
tannins. 

2. Content of the major ingredient in the sample 
Total Ash: 2.8215 w/w% (Not more than 3%)  

Acid Insoluble Ash: 0.0910 w/w% (Not more than 0.2%) 

Alcohol-Soluble Extractive: 26.26 w/w% (Not less than 25%)  
Water-Soluble Extractive: 72.35 w/w% (Not less than 70%)  

Loss on wt. on drying at 1050C: 12.2521 w/w% 
IX. Thin layer chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) upon exposure 
to Iodine vapour shows one spot at Rf value 0.57 (brown). 
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X. Safety Evaluation 

1. Microbial Contamination 
Total Bacterial Load : 10x102 (Not more than 105 / g)  

Salmonella Spp : Nil         

Escherichia. Coli : Nil   

Total Fungal count : 15 x 102 (Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm)  

B2: Nil (Not more than 0.10 ppm) 

G1: Nil (Not more than 0.50 ppm)  

G2: Nil (Not more than 0.10 ppm) 

4.3.10. Quality Control Report: Beikh-e-Karafs 
I. Name of the Drug : Beikh-e-Karafs [API I(VI) 78] 

Botanical Name : Apium graveolens L. (Apiaceae) 

II. Origin  : Plant    

III. Part  : Root          

IV. Form  : Fragmented 

V. Appearance : Normal   

VI. Foreign matter : Nil (not more 2%) 

VII. Morphological Features 

Macroscopic:  

1. Tap root system with profuse lateral roots. 

2. Bark brown, fracture hard, fibrous and rough. 

3. Odour highly aromatic and taste acrid, bitter. 

VIII. Chemical Identification Tests 
1. Major ingredients reported: a) Glycosides b) Phenolic tannins c) 
steroids 
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Glycosides: To alc. ext. of the drug add 1ml of water and add aq. sodium 
hydroxide solution and formation of yellow colour indicated the presence 
of glycosides 

Tannins: Positively reacted towards FeCl3 reagent confirm presence of 
tannins 

2. Content of the major ingredient in the sample 
Total Ash   : 6.4686 w/w% (Not more than 10%)  
Acid Insoluble Ash  : 1.1998 w/w% (Not more than 2%) 
Alcohol-Soluble Extractive : 9.3893 w/w% (Not less than 9%)  
Water-Soluble Extractive : 10.3262 w/w% (Not less than 10%)  
Loss on wt. on drying at 1050C: 7.1763 w/w% 

IX. Thin Layer Chromatography: TLC of the methanolic extract on Silica 
gel 'G' plate using Toluene: Ethyl acetate: methanol (7:2:1) shows under UV 
(366 nm) seven spots at Rf values 0.03 (dark blue), 0.17 (fluorescent blue), 
0.39 (light blue), 0.44 (dark blue), 0.64 (dark blue), 0.73 (dark blue), and 0.83 
(blue). Upon exposure to Iodine vapour shows four spots at Rf values 0.26, 
0.44, 0.50, 0.73 (all brown). Under UV 254 nm shows eight spots at Rf values 
0.26, 0.44, 0.50, 0.57, 0.64, 0.73, 0.83, 0.99 (all black). 

X. Safety Evaluation  

1. Microbial Contamination 

Total Bacterial Load : 48x103 (Not more than 105 / g); 
Salmonella Spp : Nil         
Escherichia. Coli : Nil  
Total Fungal count : 29x102 (Not more than 103 / g) 

2. Aflatoxin Contamination 
B1: Traces (Not more than 0.50 ppm) 

B2: Nil (Not more than 0.10ppm) 

G1: Nil (Not more than 0.50 ppm) 

G2: Nil (Not more than 0.10 ppm) 
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4.3.11. Quality Control Report: UNIM-040  
I. Name of the Unani Formulation: UNIM-040  

II. Form: Rough powder  

III. Appearance: Normal, light yellowish-brown in colour 

IV. Physico Chemical Parameters 
1. Colour   : light yellowish, black and brown 
2. Odour   : Not specific 
3. Total Ash   : 8.0366-10.2199 w/w% 
4. Acid Insoluble Ash  : 4.7649-6.0517 w/v% 
5. Alcohol-Soluble Extractive : 10.4569-12.3062 w/w%  
6. Water- Soluble Extractive : 25.1038-28.2568 w/w%  
7. pH 1% Aq. Solution : 4.4-5.0 
8. pH 10% Aq. Solution : 3.40-3.5 
9. Loss in wt on drying at 1050C: 8.9669-13.0031 w/w%  

V. Thin Layer Chromatography  

TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) ten spots at Rf values 
0.17 (blue), 0.29 (blue), 0.40 (blue), 0.51 (blue), 0.64 (dark blue), 0.73 
(dark blue), 0.77 (dark blue), 0.83 (purple), 0.91 (light pink) and 0.99 (light 
pink). Upon exposure to Iodine vapour shows three spots at Rf values 0.51, 
0.64, 0.99 (all brown). Under UV 254 nm shows four spots at Rf values 
0.51, 0.64, 0.86, 0.99 (all black). 

VI. Safety Evaluation 
1. Microbial Contamination  
Total Bacterial Load : 66 x 104 (Not more than 105/g) 
Salmonella Spp : Nil 

Escherichia Coli : Nil 
Total Fungal count : 3 x 102 (Not more than 103 /g) 
2. Aflatoxin Contamination 
B1: Nil (Not more than 0.50 ppm) 
B2: Nil (Not more than 0.10ppm) 
G1: Nil (Not more than 0.50 ppm) 
G2: Nil (Not more than 0.10 ppm) 
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TLC of Methanolic Extract of UNIM-040 and Ingredients Methanolic 
Extract 

Me  1     2     3     4      5      6    7      8     9     10 Me  1     2     3     4      5      6    7      8     9     10 

At UV 366nm Exposed to Iodine Vapours 

 

Me  1     2     3     4      5      6    7      8     9     10 

At UV 254nm 

 
Figure 7: TLC plate of UNIM-040 formulation 1. Me = Methanolic extract 
1. Asl-us-Soos, 2. Anjeer Zard, 3. Badiyan Desi, 4. Beikh-e-Badiyan, 5. 
Parsiyaoshan, 6. Tukhm-e-Khatmi, 7. Tukhm-e-Khubbazi, 8. Gul-e-Surkh, 
9. Maweez Munaqqa, 10. Beikh-e-Karafs 
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UNIM-040 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) ten spots at Rf values 
0.17 (blue), 0.29 (blue), 0.40 (blue), 0.51 (blue), 0.64 (dark blue), 0.73 
(dark blue), 0.77 (dark blue), 0.83 (purple), 0.91 (light pink) and 0.99 (light 
pink). Upon exposure to Iodine vapour shows three spots at Rf values 0.51, 
0.64, 0.99 (all brown). Under UV 254 nm shows four spots at Rf values 
0.51, 0.64, 0.86, 0.99 (all black). 

Asl-us-Soos 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) eight spots at Rf values 
0.14 (blue), 0.20 (blue), 0.29 (blue), 0.40 (blue), 0.49 (blue), 0.64 (blue), 
0.73 (light blue), and 0.77 (light green). Upon exposure to Iodine vapour 
shows four spots at Rf values 0.29, 0.40, 0.49, 0.64 (all brown). Under UV 
254 nm shows five spots at Rf values 0.29, 0.40, 0.49, 0.64, 0.99 (all black). 

Anjeer Zard 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) one spots at Rf value 
0.83 (light green). Upon exposure to Iodine vapour shows two spots at Rf 
values 0.60, 0.99 (all brown). Under UV 254 nm shows one spot at Rf value 
0.99 (black). 

Badiyan 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) three spots at Rf values 
0.26 (red), 0.40 (blue), and 0.99 (light red). Upon exposure to Iodine 
vapour shows two spots at Rf values 0.60, 0.97 (all brown). Under UV 254 
nm shows two spots at Rf values 0.60, 0.97 (all black). 

Beikh-e-Badiyan 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) five spots at Rf values 
0.26 (red), 0.40 (blue), 0.49 (light blue), 0.76 (light blue), and 0.83 (green). 
Upon exposure to Iodine vapour shows one spot at Rf value 0.59 (brown). 
Under UV 254 nm shows one spot at Rf value 0.59 (black). 
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Parsiyaoshan 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) eight spots at Rf values 
0.13 (red), 020 (red), 0.26 (red), 0.40 (red), 0.71 (red), 0.83 (light green), 0.91 
(red), and 0.99 (red). Upon exposure to Iodine vapour shows one spot at Rf 
value 0.71 (brown). Under UV 254 nm shows one spot at Rf value 0.71 (black). 

Tukhm-e-Khatmi 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) two spots at Rf values 
0.40 (blue), and 0.86 (light green). Upon exposure to Iodine vapour shows 
four spots at Rf values 0.40, 0.60, 0.91, 0.99 (all brown). Under UV 254 
nm shows six spots at Rf values 0.26, 0.31, 0.60, 0.86, 0.91, 0.99 (all black). 

Tukhm-e-Khubbazi 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) three spots at Rf values 
0.11 (light red), 0.26 (red), and 0.83 (light green). Upon exposure to Iodine 
vapour shows one spot at Rf value 0.59 (brown). Under UV 254 nm shows 
one spot at Rf value 0.59 (black). 

Gul-e-Surkh 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) four spots at Rf values 
0.23 (green), 0.26 (light red), 0.40 (light green), and 0.50 (light green). 
Upon exposure to Iodine vapour shows four spots at Rf values 0.06, 0.23, 
0.57, 0.99 (all brown). Under UV 254 nm shows three spots at Rf values 
0.06, 0.23, 0.57 (all black). 

Maweez Munaqqa 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) upon exposure to Iodine vapour shows one spot 
at Rf value 0.57 (brown). 

Beikh-e-Karafs 
TLC of the methanolic extract on Silica gel 'G' plate using Toluene: Ethyl 
acetate: methanol (7:2:1) shows under UV (366 nm) seven spots at Rf 
values 0.03 (dark blue), 0.17 (fluorescent blue), 0.39 (light blue), 0.44 (dark 
blue), 0.64 (dark blue), 0.73 (dark blue), and 0.83 (blue). Upon exposure to 
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Iodine vapour shows four spots at Rf values 0.26, 0.44, 0.50, 0.73 (all 
brown). Under UV 254 nm shows eight spots at Rf values 0.26, 0.44, 0.50, 
0.57, 0.64, 0.73, 0.83, 0.99 (all black). 

4.3.12. Phytochemical Screening of UNIM-040 Extracts 
Phytochemical screening for the phytoconstituents was carried out in 
Methanol and Aqueous extracts as per the methods described by Evans, 
(2002) [141]. 

Following are the test for screening the phytochemical constituents in 
methanolic and aqueous extracts of UNIM040. 

S. N. Phyto 
constituents 

Experiment observation 

I Alkaloids   
 1. 

Dragendroff’s 
Reagent 

Few mg of alc. or aq. Ext. 
of drug in 5ml of dist. 
Water and add 2M HCl, 
then add few drops of 
dragendroff’s reagent 

No orange-red 
precipitate is 
formed 

 2. Wagner’t test Acidify 1ml of alc. ext. of 
drug with 1.5%V/V of HCl 
and add few drops of 
wagner’s reagent. 

No yellowish-
brown precipitate is 
formed 

 3. Mayer’s test Add a few drops of Mayer’s 
reagent to 1ml of acidic aq. 
Ext. of drug 

No white or pale 
yellow ppt. is 
formed. 

II Carbohydrates  
 1. Fehling’s test To 2ml of aq. Ext. of drug 

add 1ml of equal parts of 
fehlings A and B. boil the 
contents for few minutes 

A red or brick red 
ppt. is formed 

 2. Benedict’s 
test 

To 0.5 ml of aq. ext. of drug 
add 5ml of Benedict’s 
solution and boil for 5min.  

Formation of 
coloured ppt. 

 3. Molishc’s 
test 

To 2ml of aq. ext of the 
drug add 2 drops of freshly 
prepared 20% alc. α-napthol 
and mix, Pour 2ml of Conc. 

A red-violet ring is 
formed at the 
junction of the two 
liquids, which 
disappears on 
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S. N. Phyto 
constituents 

Experiment observation 

Sulphuric acid through the 
wall of the test tube. 

addition of excess 
of alkali. 

III Fixed oil/ 
Resinified 
volatile oils 

Allow 0.05-0.1ml of 
petroleum ether extract of 
drug to fall on to a filter 
paper and leave it at room 
temperature for 24 hours.  

Volatile oil 
evaporates 
completely within 
24 hours without 
living a translucent 
or greasy mark. 

IV Glycosides To alc. ext. of the drug add 
1ml of water and add aq. 
sodium hydroxide solution. 

A yellow colour 
indicated the 
presence of 
glycosides. 

V. Phenols   
 1. Ferric 

chloride test. 
To alc. or aq. ext of the 
drugs add 2ml of dist. 
Water and add few drops of 
10% aq. ferric chloride 
solution. 

A blue or green 
colour is produced. 

 2. Liebermanns 
test 

To alc. or aq. ext. of the 
drug add 0.5ml of 70% 
sulphuric acid solution and 
add few drops of sodium 
nitrite solution. 

A red colour is 
obtained on 
dilution, and turns 
blue when made 
alkaline with aq. 
sodium hydroxide 
solution. 

VI Saponins: To 5ml of Aq. ext. of drug 
add drops of Sodium 
bicarbonate solution shake 
the mixture vigorously and 
leave for 3 min. 

No honey comb like 
froth is formed. 

VII. Proteins   
 1. Biuret’s test To 1ml of hot aq. extract of 

the drug add 5-8 drops of 
10%W/V sodium hydroxide 
solution followed by 1-2 
drops of 3% W/V copper 
sulphate solution. 

A red or violet 
colour is formed. 
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S. N. Phyto 
constituents 

Experiment observation 

 2. Millon’s test To aq. ext. of drug add 1ml 
of dist. Water and add 5-6 
drops of Millon’s reagent. 

A white ppt. is 
formed which turns 
red on heating. 

VIII. Starch Dissolve 0.015g of Iodine 
and 0.075g of Potassium 
Iodide in 5ml of dist. Water, 
and add 2-3 ml of an aq. 
ext. of the drug 

No blue colour is 
formed. 

IX. Steriods   
 1. Liebermann-

Burchard’s test 
Add 2ml of Acetic 
anhydride solution to 1ml of 
petroleum ether extract of 
the drug in chloroform 
followed by 1ml of conc. 
Sulphuric acid 

A greenish colour is 
developed which 
turns to blue. 

 2. Salkowski 
reaction test. 

Add 1ml of conc. Sulphuric 
acid to 2ml of chloroform 
extract of the drug carefully 
through the walls of the test 
tube. 

A red colour is 
produced in the 
chloroform layer or 
at the junction of 
the two liquids. 

X. Tannins To 1-2ml of aq. ext. of the 
drug add few drops of 5% 
aq. ferric chloride solution. 

A bluish black 
colour is produced 
which disappears 
on addition of a few 
ml of a dil. 
Sulphuric acid 
solution followed 
by the formation of 
a yellowish-brown 
ppt. 

XI Flavonoids To 0.5ml of alc. ext of the 
drug add 5-10 drops of dil. 
HCL followed by addition 
of small piece of 
magnesium. Boil the 
solution for few minutes. 

A pink or reddish 
pink or brown 
colour is produced. 
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The qualitative test for the presence of carbohydrates, glycosides, phenols, 
proteins, steroids, tannins and flavonoids shown to be positive and negative 
for alkaloids, fixed oil, saponins and starch and are shown in table 2. 
Table 2: Phytochemical screening in Methanol and Aqueous extracts of 
UNIM-040 

S. No. Phytoconstituent Methanol ext. Aqueous ext. 

1.  Alkaloid - - 

2.  Carbohydrates + + 

3.  Fixed oil - - 

4.  Glycosides + + 

5.  Phenols + + 

6.  Saponins - - 

7.  Proteins + + 

8.  Starch - - 

9.  Steroids + + 

10.  Tannins + + 

11.  Flavonoids + + 
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5. REPORTED STUDIES ON INGREDIENTS 
OF UNIM-040 

A few analytical chromatographic methods were reported for analysis of 
herbal drugs. HPLC/UPLC/HPTLC methods of the ingredients of UNIM-
040 reported for the detection of compounds. 

5.1. Asl-us-Soos 

5.1.1. Development of a Validated UPLC–qTOF-MS/MS Method for 
Determination of Bioactive Constituent from Glycyrrhiza glabra [142] 

An ultra-performance liquid chromatography quadrupole time of flight 
mass spectrometry (UPLC–qTOF-MS/MS) method was developed by the 
author and validated the simultaneous determination of glycyrrhizin and 
glycyrrhetic acid. These analytes were separated on a reverse phase C18 
column using a mobile phase of acetonitrile: 2% acetic acid in water (75:25, 
v/v) with a flow rate of 200 mL/min. The qTOF-MS was operated under 
multiple reaction monitoring (MRM) mode using the electrospray 
ionization (ESI) technique with positive ion polarity. A comparison of three 
different extraction techniques i.e. accelerated solvent extraction (ASE), 
extraction under ultrasonic waves (USW) and the classical extraction by 
percolation (CE) method was carried out and quantification of these 
extracts was also carried out by the method.  

5.1.2. Development and Validation of HPLC and HPTLC Methods 
for Estimation of Glabridin in Extracts of Glycyrrhiza glabra [143]  

The author discusses the development and validation of HPLC and HPTLC 
methods for analysis of glabridin in licorice. Glabridin is a major bioactive 
phytoconstituent of licorice. HPLC separation was performed using a 
Purospher STAR RP-18e column (5 μm silica particle size, 250 mm × 4.6 
mm inner diameter) with gradient elution of 0.2% acetic acid in water-
acetonitrile. The flow rate was 1 mL/min. Quantification was performed at 
a detection wavelength of 280 nm. HTPLC separation was performed on 
precoated silica gel 60 F254 aluminum plate (10 × 10 cm, 250 μm 
thickness). A linear ascending development was done using a mobile phase 
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of hexane-ethyl acetate-chloroform (5: 4: 3, v/v/v). After development, the 
plates were scanned at 285 nm. Both of the methods provided good 
separation of glabridin from other constituents of licorice extract. The 
methods were validated as per ICH guidelines. Comparison by Student t-
test showed that there was a statistically insignificant difference between 
the mean glabridin content estimated by both methods at 95% confidence 
interval. The glabridin content in licorice extract was 3.90% by HPLC and 
3.79% by HPTLC. 

5.1.3. Metabolic Profiling of Roots of Liquorice (Glycyrrhiza glabra) 
from Different Geographical Areas by ESI/MS/MS and 
Determination of Major Metabolites by LC-ESI/MS and LC-
ESI/MS/MS. [144]. 
The author showed that the Liquid chromatography electrospray mass 
spectrometry (LC-ESI/MS) has been applied to the full characterization of 
saponins and phenolics in hydroalcoholic extracts of roots of liquorice 
(Glycyrrhiza glabra). Relative quantitative analyses of the samples with 
respect to the phenolic constituents and to a group of saponins related to 
glycyrrhizic acid were performed using LC-ESI/MS. For the saponin 
constituents, full scan LC–MS/MS fragmentation of the protonated 
(positive ion mode) or deprotonated (negative ion mode) molecular species 
generated diagnostic fragment ions that provided information concerning 
the triterpene skeleton and the number and nature of the substituents. On 
the basis of the specific fragmentation of glycyrrhizic acid, an LC–MS/MS 
method was developed to quantify the analyte in the liquorice root samples. 
Chinese G. glabra roots contained the highest levels of glycyrrhizic acid, 
followed by those from Italy (Calabria). 

5.1.4. Pharmacokinetic Study of Four Flavones of Glycyrrhiza in Rat 
Plasma using HPLC–MS [145] 
The author developed a specific HPLC–MS method for simultaneous 
quantification of four flavones of Glycyrrhiza in rat plasma after oral 
administration and to describe the pharmacokinetics of four flavones in rat 
plasma. A simple, sensitive and selective method for simultaneous 
determination of four flavones of Glycyrrhiza in rat plasma, i.e., liquiritin, 
isoliquiritin, liquiritigenin, and isoliquiritigenin, by high performance 
liquid chromatography–tandem mass spectrometry (HPLC–MS) with 
negative electrospray ionization mode, was developed and validated. The 
method was applied to investigate the pharmacokinetics of four flavones in 
rat plasma after oral administration of Glycyrrhiza flavones. 
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Chromatographic separation was accomplished on an Agilent TC-C18 
column (4.6 mm×250 mm, and 5 μm), with gradient elution by using a 
mixture of methanoic acid (A) and acetonitrile (B) as the mobile phase at a 
flow rate of 0.8 mL/min. The calibration curves for four flavones had good 
linearity higher than 0.997 in the measured range. Relative standard 
deviations (RSDs) of the intra- and inter-day precision at different levels 
were all less than 4.8%. The pharmacokinetic profile of four flavones in rat 
plasma was fitted with a two-compartment model detected by a simple, 
rapid and accurate HPLC–MS method. Time (h) to reach peak 
concentration (μg/mL) of liquiritin (2.69±0.04), isoliquiritin (10.16±0.02), 
liquiritigenin (2.83±0.02), and isoliquiritigenin (0.28±0.01) was 2.02±0.23, 
1.97±0.20, 0.48±0.02, and 1.93±0.36, respectively. The distribution and 
elimination half-life (h) and area under the concentration–time curve 
(μg/mL–h) from t=0 to last time of liquiritin, isoliquiritin, liquiritigenin, 
and isoliquiritigenin were 1.02±0.48/ 2.27±0.53/ 16.97±0.43, 2.04±1.01/ 
2.38±0.80/ 69.20±5.24, 0.35±0.10/ 4.26±0.16/ 14.83±0.11, and 1.18±0.32/ 
3.04±0.22/ 2.10±0.09, respectively. 

5.2. Anjeer Zard 

5.2.1. Anthocyanin Composition in Fig (Ficus carica L.) [146] 
The anthocyanin composition was analysed in fig fruit (Ficus carica L.) 
from five different varieties (Colar, Cuello de Dama (green), Cuello de 
Dama (dark purple), Granilla and Bursa Siyahi). Fifteen anthocyanin 
pigments were detected, most of them containing cyanidin (Cy) as 
aglycone; some pelargonidin (Pg) derivatives were also found. Rutinose 
and glucose were present as substituting sugars, as well as acylation with 
malonic acid. Minor levels of peonidin 3-rutinose (Pn 3-rutinoside) in the 
pulp were also detected. Other noticeable aspects in the pigment 
composition of the fig were the detection of anthocyanidin-derived 
pigments, namely 5-carboxypyranocyanidin-3-rutinoside, a cyanidin 3-
rutinose dimer and five condensed pigments containing C–C linked 
anthocyanins (Cy and Pg) and flavanol (catechin and epicatechin) residues. 
Total anthocyanin content in the skin ranged between 32 and 97 μg g−1 
and between 1.5 and 15 μg g−1 in the pulp. The main anthocyanin in both 
parts of the fruit was Cy 3-rutinoside (48–81% in skin and 68–79% in pulp) 
usually followed by Cy 3-glucoside (5–18% in skin and 10–15% in pulp). 
Malonyl derivatives were more abundant in the skin (1.2–6.5%) than in the 
pulp (1.0–2.6%). 
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5.2.2. Changes in Pigment Profile and Surface Colour of Fig (Ficus 
carica L.) during Drying [147] 

The author describes about the anthocyanins in three fresh fig varieties 
(Ficus carica L.) cultivated in Turkey were characterised and quantified by 
HPLC/DAD and HPLC/MS. In addition, the carotenoid composition of 
Sarılop and Sarızeybek, yellow fig varieties, was determined, and then the 
ripening- and drying-related changes in carotenoids and surface colour of 
figs were monitored during conventional sun-drying. Four different 
anthocyanins, cyanidin-3-glucoside, cyanidin-3,5-diglucoside, cyanidin-3-
rutinoside (major anthocyanin) and pelargonidin-3-glucoside, were 
identified in samples. Lutein, zeaxanthin, β-cryptoxanthin and β-carotene 
were carotenoids in yellow fig varieties. Approximately 80% of carotenoid 
compounds in yellow fig varieties degraded at the end of drying (i.e. 
seventh day). L (lightness), a (redness and greenness) and b (yellowness 
and blueness) colour parameters were measured by Hunter Lab system. 
Great changes in carotenoid composition and surface colour were observed 
at ripening stage on tree. A significant reduction in L and b values that 
refers to browning in figs was made in the first 3 days of drying process. 

5.2.3. Effect of Drying of Figs (Ficus carica L.) on the Contents of 
Sugars, Organic Acids, and Phenolic Compounds [148] 

In this study, the author describes about Fresh figs were subjected to two 
different drying processes: sun-drying and oven-drying. To assess their 
effect on the nutritional and health-related properties of figs, sugars, 
organic acids, single phenolics, total phenolics, and antioxidant activity 
were determined before and after processing. Samples were analyzed three 
times in a year, and phenolic compounds were determined using high-
performance liquid chromatography coupled with mass spectrometry 
(HPLC-MS). In figs, monomer sugars predominate, which is important 
nutritional information, and the content of sugars as well as organic acids 
in fresh figs was lower than in dried fruits. However, the best sugar/organic 
acid ratio was measured after the sun-drying process. Analysis of 
individual phenolic compounds revealed a higher content of all phenolic 
groups determined after the oven-drying process, with the exception of 
cyanidin-3-O-rutinoside. Similarly, higher total phenolic content and 
antioxidant activity were detected after the drying process. With these 
results it can be concluded that the differences in analyzed compounds in 
fresh and dried figs are significant. The differences between the sun-dried 
and oven-dried fruits were determined in organic acids, sugars, chlorogenic 
acid, catechin, epicatechin, kaempferol-3-O-glucoside, luteolin-8-C-
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glucoside, and total phenolic contents. The results indicate that properly 
dried figs can be used as a good source of phenolic compounds. 

5.2.4. Identification and Quantification of Furanocoumarins in Stem 
Bark and Wood of Eight Algerian Varieties of Ficus carica by RP-
HPLC-DAD and RP-HPLC-DAD-MS [149] 
Furanocoumarins are the major phytoalexins of Ficus carica and are 
effective natural drug candidates for treatment of several types of cancer 
and skin disease. The objectives were to analyze and quantify linear 
furanocoumarins, mainly psoralen and bergapten, in wood and bark of 
stems from eight Algerian varieties of fig and to establish the differences 
in the content of these metabolites in the eight local samples. Psoralen and 
bergapten contents in the stem bark and wood (in microg/g DW) varied 
respectively from 146.6 to 1110.3 and from 395.7 to 1671.8 for psoralen, 
and from 114.3 to 524.0 and from 144.2 to 718.6 for bergapten. Psoralen 
and bergapten concentrations were higher in the wood than in the stem 
bark. Most of the dark fruited fig trees produce these two coumarins more 
than the green ones. 

5.2.5. Ficus carica L.: Metabolic and Biological Screening [150] 
The author depicted metabolite profiling on the leaves, pulps and peels of 
two Portuguese white varieties of F. carica (Pingo de Mel and 
BrancaTradicional). Phenolics and organic acids profiles were determined 
by HPLC/DAD and HPLC/UV, respectively. All samples presented a 
similar phenolic profile composed by 3-O- and 5-O-caffeoylquinic acids, 
ferulic acid, quercetin-3-O-glucoside, quercetin-3-O-rutinoside, psoralen 
and bergapten. 3-O-Caffeoylquinic acid and quercetin-3-O-glucoside are 
described for the first time in this species. Leaves' organic acids profile 
presented oxalic, citric, malic, quinic, shikimic and fumaric acids, while in 
pulps and peels quinic acid was absent. Leaves were always the most 
effective part, which seems to be related with phenolics compounds. 

5.2.6. Validated Reversed-Phase Column High-Performance Liquid 
Chromatographic Method for Separation and Quantification of 
Polyphenolics and Furocoumarins in Herbal Drugs [151] 
A rapid column high-performance liquid chromatographic-photodiode 
array method has been developed by the author for the separation and 
identification of secondary metabolites, especially different types of 
phenols and furocoumarins, in a 35 min chromatographic run. The method 
has been optimized and validated for selectivity, precision, recovery, and 
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robustness with the aim of application for standardization of selected herbal 
drugs. Almost all of the tested compounds had linearity of >98%, with 
relative standard deviation <10% in terms of variation of retention time. 
Interday and intraday variability was <5%. The developed method has been 
successfully applied in identification and quantification of phenols and 
furocoumarins present in different plants, viz., Artemisia pallens (whole 
plant), Hibiscus rosa-sinensis DC (flower), Heracleum candicans DC 
(fruit), and Ficus carica L (bark). The results indicate that the method is 
rapid, accurate, and robust for the analysis of different types of phenols and 
furocoumarins and, hence, can be successfully used in the quality control 
and standardization of plant extracts and herbal drugs. 

5.2.7. Determination of the Coumarinic Constituents of Ficus carica 
Leaves by HPLC. [152] 
The coumarinic compounds of fig leaves (Ficus carica) here examined for 
the furocoumarins psoralen, bergapten and the coumarins umbelliferone, 
4',5'-dihydropsoralen and marmesin are present. These substances were 
determined in a "coumarinic extract" by high pressure liquid 
chromatography (HPLC). The seasonal variations of the above mentioned 
compounds were also studied in a series of samples of leaves picked from 
the same plant, at regular fortnightly intervals during the period. From the 
data obtained it is noticeable that the total coumarinic content is maximum-
-0.5% as compared with the dry weight--in the extract of leaves picked on 
the first August, while it is lowest in the extract of leaves picked on the 
15th June. The quantity of psoralen is always greater than that of bergapten, 
umbelliferone, 4',5'-dihydropsoralen and of marmesin. The ratio psoralen: 
bergapten is not constant, but fluctuates extensively with the seasonal 
variations from 2.8 to 7.7. 

5.3. Badiyan and Beikh Badiyan 

5.3.1. Bioguided Isolation and Identification of the Nonvolatile 
Antioxidant Compounds from Fennel (Foeniculum vulgare Mill.) 
Waste [153] 

A bioguided isolation of an aqueous extract of fennel waste led to the 
isolation of 12 major phenolic compounds. Liquid chromatography 
coupled to atmospheric pressure chemical ionization mass spectrometry 
(LC/UV/APCI-MS) combined with spectroscopic methods (NMR) was 
used for compound identification. Radical scavenging activity was tested 
using three methods: DPPH, superoxide nitro-blue tetrazolium 
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hypoxanthine/xanthine oxidase, and OH/luminol chemiluminescence. In 
addition to products described in the literature, eight antioxidant 
compounds were isolated and identified for the first time in fennel: 3-
caffeoylquinic acid, 4-caffeoylquinic acid, 1,5-O-dicaffeoylquinic acid, 
rosmarinic acid, eriodictyol-7-O-rutinoside, quercetin-3-O-galactoside, 
kaempferol-3-O-rutinoside, and kaempferol-3-O-glucoside. The structures 
of eriodictyol-7-O-rutinoside and quercetin-3-O-glucuronide were 
completely elucidated by two-dimensional NMR experiments. The isolated 
compounds exhibited a strong antiradical scavenging activity, which had 
contribute to the interpretation of the pharmacological effects of fennel. 

5.3.2. Determination of Phenolic Compounds in Fennel by HPLC and 
HPLC-MS Using a Monolithic Reversed-Phase Column [154] 
The author developed a reversed-phase high-performance liquid 
chromatography (HPLC) method for analyzing phenolic compounds in 
fennel (Foeniculum vulgare). The use of a monolithic column with short 
dimensions in combination with optimized chromatographic conditions 
allows over 100 samples per day to be analyzed. Chromatographic 
parameters such as column temperature and injection volume were found 
to be crucial in obtaining adequate selectivity and resolution, consequently 
allowing short run times. The method was validated for the major phenolic 
compounds present in fennel plant material: 3-O-caffeoylquinic acid (3-
CQA), chlorogenic acid, 4-O-caffeoylquinic acid (4-CQA), eriocitrin, 
rutin, miquelianin, 1,3-O-dicaffeoylquinic acid (1,3-diCQA), 1,5-O-
dicaffeoylquinic acid (1,5-diCQA), 1,4-O-dicaffeoylquinic acid (1,4-
diCQA) and rosmarinic acid. The limits of detection (LOD) and the limits 
of quantitation (LOQ) ranged from 0.05 to 1.0 µg/mL and from 0.15 to 2.5 
µg/mL, respectively. 

5.3.3. Foeniculum vulgare: A Comprehensive Review of its 
Traditional Use, Phytochemistry, Pharmacology, And Safety [155] 
Foeniculum vulgare (Apiaceae) commonly known as fennel is a well 
known and important medicinal and aromatic plant widely used. Phenols, 
phenolic glycosides and volatile aroma compounds such as trans-anethole, 
estragole and fenchone have been reported as the major phytoconstituents 
of this species. Different pharmacological experiments in a number of in 
vitro and in vivo models have convincingly demonstrated the ability of F. 
vulgare to exhibit antifungal, antibacterial, antioxidant, antithrombotic and 
hepatoprotective activities, lending support to the rationale behind several 
of its therapeutic uses. Phenolic compounds isolated from F. vulgare are 
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considered to be responsible for its antioxidant activity while the volatile 
aroma compounds make it an excellent flavouring agent.  

5.3.4. Inhibition of Aldose Reductase and Anti-Cataract Action of 
Trans-Anethole Isolated from Foeniculum vulgare Mill. fruits [156] 
Foeniculum vulgare fruits are evaluated for aldose reductase inhibition and 
anti-diabetic action. Bioguided fractionation using silica gel column 
chromatography, HPLC, and GC-MS analysis revealed trans-anethole as 
the bioactive constituent possessing potent aldose reductase inhibitory 
action, with an IC50 value of 3.8μg/ml. prolonged treatment with the pet 
ether fraction of the F. vulgare distillate demonstrated improvement in 
blood glucose, lipid profile, glycated haemoglobin and other parameters in 
streptozotocin-induced diabetic rats. Trans-anethole could effectively 
show anti-cataract activity through the increase in soluble lens protein, 
reduced glutathione, catalase and SOD activity on in vitro incubation of the 
eye lens with 55mm glucose. Trans-anethole demonstrated noncompetitive 
to mixed type of inhibition of lens aldose reductase using Lineweaver  
Burk plot. 

5.3.5. Identification by HPLC-DAD and HPLC-MS Analyses and 
Quantification of Constituents of Fennel Teas and Decoctions [157] 
The author analyzed qualitative and quantitative differences among the 
constituents in various fennel (Foeniculum vulgare Mill., family Apiaceae) 
teas prepared by classical infusion, microwave decoction, and dissolution 
are reported. Different commercial starting materials, such as fruit 
(unbroken and crushed), four herbal teas, and two instant herbal teas were 
evaluated. Chlorogenic acid (1), quercetin-3-O-beta-D-glucuronide (2), p-
anisaldehyde (3), and trans-anethole (4) were identified by HPLC-DAD 
and HPLC-MS as constituents of fennel teas. No coumarins, which are 
characteristic constituents of plants of Apiaceae family, were found. Trans-
anethole (4), the main constituent of the essential oil, was present in all 
teas. In addition p-anisaldehyde (3), a degradation product of trans-
anethole, was also identified in all teas with the exception of two samples. 
Chlorogenic acid (1) and quercetin-3-O-beta-D-glucuronide (2) were also 
present in all teas. In addition, minor unidentified flavonol constituents 
were found in two teas. Quality, activity, and safety of the content of the 
investigated preparations. 
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5.4. Parsiyaoshan 

5.4.1. Gas Chromatography and Mass Spectrometry Analysis of 
Bioactive Constituents of Adiantum capillus-veneris L. [158] 
The author analyzed by Gas Chromatography and Mass Spectrometry 
analysis of whole plant methanol extract of Adiantum capillus-veneris. The 
methanol extracts of Adiantum capillus-veneris identified thirty seven 
bioactive compounds which are major compound such as 5-7A-Isoprpenyl-
4, 5-Dimethyloctahydro-1h-inden-4yl)-3-methyl-2-penta, (24.49%), n-
hexadecanoic acid (18.29%) and gamma-sitosterol (10.61%), cis-vaccenic 
acid(9.25%), 5-7A-Isopropenyl-4,5-Dimethyl-octahydro-inden-4-yl)-3-
methyl-pent-2-EL (2.63%), Tetrdecanoic acid (2.20%) and Phenanthrene, 
9-dodecyltetradecahydro (2.15%). The lowest percentage of peak area 
0.25% and their compound as 2-methoxy-4-propyl, among these bioactive 
compounds are including Vitamin E (1.58%) also present. In this identified 
compounds are having in antioxidant, antimicrobial, anti-inflammatory, 
diuretic and analgesic properties also these thirty seven bioactive 
compounds are biologically significance in many activities.  

5.4.2. Phytochemical and Biological Studies of Adiantum capillus-
veneris L. [159] 

The author showed that the chromatographic fractionation of the alcoholic 
extract of the dried fronds of Adiantum capillus-veneris L. (Adiantaceae) 
yielded seven compounds: four triterpenoidal compounds belonging to 
adiantane and filicane groups were isolated from the hexane fraction and 
identified as isoadiantone (1); isoadiantol-B (2); 3-methoxy-4-
hydroxyfilicane (3) and 3,4-dihydroxyfilicane (4) and three flavonoids 
were isolated from the ethyl acetate fraction and identified as: quercetin 
(5), quercetin-3-O-glucoside (6) and quercetin-3-O-rutinoside (rutin) (7). 
The identification of the isolated compounds has been established through 
their physical, chemical and spectroscopic methods including IR, 1H 
NMR, 13C NMR, HSQC, HMBC, NOESY and MS. Biological studies of 
the total alcoholic extract, hexane fraction and some of the isolated 
compounds showed an anti-inflammatory activity while the hypoglycemic 
study of the total alcoholic extract showed a significant activity. 
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5.4.3. Kaempferol 3-sulphate in the Fern Adiantum capillus-veneris L. 
[160] 

A new natural product isolated from the fronds of the fern Adiantum 
capillus-veneris has been shown to be kaempferol 3-sulphate by chemical 
and spectroscopic methods. 

5.4.4. In vitro phytochemical, antibacterial, and antifungal activities 
of leaf, stem, and root extracts of Adiantum capillus veneris. [161] 
The author carried out extracts from the leaves, stems, and roots 
of Adiantum capillus veneris extracted with water, methanol, 
ethanol, ethyl acetate, and hexane and screened for their 
antimicrobial activity against ten MDR bacterial strains and five 
fungal strains isolated from clinical and water samples. Ash, 
moisture, and extractive values were determined according to 
standard protocols. FTIR (Fourier transform infrared Spectroscopy) 
studies were performed on different phytochemicals isolated from the 
extracts of Adiantum capillus Veneris. Phytochemical analysis 
showed the presence of flavonoids, alkaloids, tannins, saponins, 
cardiac glycosides, terpenoids, steroids, and reducing sugars. Water, 
methanol, and ethanol extracts of leaves, stems, and roots showed 
significant antibacterial and antifungal activities against most of the 
MDR bacterial and fungal strains. 

5.5. Tukhm-e-Khatmi 

5.5.1. Phytochemical investigation of the seeds of Althea officinalis L. 
[162] 

The author describes the phytochemical investigation of the seeds of 
Althea officinalis L. (Malvaceae) led to the isolation of three new 
phytoconstituents, identified as n-hexacos-2-enyl-1,5-olide 
(altheahexacosanyl lactone), 2beta-hydroxycalamene 
(altheacalamene) and 5,6-dihydroxycoumarin-5-dodecanoate-6beta-
D-glucopyranoside (altheacoumarin glucoside), along with the known 
phytoconstituents lauric acid, beta-sitosterol and lanosterol. The 
structures of these compounds were established on the basis of spectral 
analysis and chemical reactions. 
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5.6. Tukhm-e-Khubbazi 

5.6.1. Research Phenolic Compounds Malva sylvestris by High 
Performance Liquid Chromatography [163] 

The author studied component composition and quantitative content of 
anthocyanins, hydroxycinnamic acids and flavonoids in the herb Malva 
sylvestris with HPLC method. Components of tanning agents, in particular 
ellagic acid, epicatechin, flavonoid glycosides – rutin, hyperoside and 
quercetin-3-D-glucoside flavonoid aglycones – luteolin, apigenin and 
quercetin; coumarin and 5 hydroxycinnamic acids (chlorogenic, 
rosmarinic, p-Coumaric, ferulic and caffeic) had been identified. The total 
content of anthocyanins were 36.80 mg/100 g. Luteolin and chlorogenic 
acid dominated among all phenolic compounds in the herb Malva 
sylvestris, the contents of which are 96.12 and 51.04 mg/100 g, 
respectively. 

5.6.2. Leaves, Flowers, Immature Fruits and Leafy Flowered Stems of 
Malva sylvestris: A Comparative Study of the Nutraceutical Potential 
and Composition [164] 

Malva sylvestris as considering that antioxidants and free radical 
scavengers can exert also an anti-inflammatory effect, the extracts of 
different parts of the medicinal/edible plant M. sylvestris (leaves, flowers, 
immature fruits and leafy flowered stems) were compared for their 
nutraceutical potential (antioxidant properties) and chemical composition. 
Particularly, mallow leaves revealed very strong antioxidant properties 
including radical scavenging activity (EC50 = 0.43 mg/mL), reducing 
power (0.07 mg/mL) and lipid peroxidation inhibition in lipossomes 
(0.04 mg/mL) and brain cells homogenates (0.09 mg/mL). This part of the 
plant is also the richest in nutraceuticals such as powerful antioxidants 
(phenols, flavonoids, carotenoids, and tocopherols), unsaturated fatty acids 
(e.g. α-linolenic acid), and minerals measured in ash content. 

5.6.3. Malvone A, a Phytoalexin Found in Malva sylvestris [165] 
The isolation and structure of a phytoalexin, malvone A (2-methyl-3-
methoxy-5,6-dihydroxy-1,4-naphthoquinone) is reported. Malvone A 
formation is induced in Malva sylvestris L. by the plant pathogen 
Verticillium dahliae. In a turbimetric assay for toxicity to V. dahliae, it had 
an ED50 value of 24 µg/ml. The structure of malvone A was determined 
by MS and NMR spectroscopy, and by X-ray crystallographic analysis. 
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5.6.4. Malva sylvestris L. Extract Suppresses Desferrioxamine-
induced PGE₂ and PGD₂ Release in Differentiated U937 Cells: The 
Development and Validation of an LC-MS/MS Method for 
Prostaglandin Quantification [166] 

The author developed HPLC method and describes the anti-inflammatory 
effects of M. sylvestris alcoholic extracts were evaluated by measuring the 
pro-inflammatory mediators PGE₂ and PGD₂ in desferrioxamine-
stimulated phorbol 12-myristate 13-acetate-differentiated U937 cells. An 
HPLC-DAD fingerprint of the M. sylvestris extract was performed and 
caffeic acid, ferulic acid and scopoletin were identified and quantified. An 
HPLC-MS/MS method was developed and validated to separate and 
measure the prostaglandins. The lower limits of detection (~0.5 ng/mL for 
PGE₂ and PGD₂) and quantification (1.0 ng/mL for PGE₂ and PGD₂) 
indicated that the method is highly sensitive. The calibration curves showed 
excellent coefficients of correlation (r > 0.99) over the range of 1.0-500.0 
ng/mL, and at different levels, the accuracy ranged from 96.4 to 106.4% 
with an RSD < 10.0% for the precision study. 

5.7. Gul-e-Surkh 

5.7.1. Phenolic Compounds, Antiradical Activity and Antioxidant 
Capacity of Oil-bearing Rose (Rosa damascena Mill.) extracts [167] 
The author determined the total phenolic content by the Folin–Ciocalteu 
method, total flavanols by the DMAC method, total flavonols with Neu's 
reagent solution, antiradical activity by the DPPH method, antioxidant 
capacity by ferric reducing antioxidant power (FRAP) method and 
phenolic compounds by HPLC system were analyzed and measured in the 
extracts from the fresh and spent flowers, and green leaves of oil-bearing-
rose (Rosa damascena Mill.). After drying and powdering of the samples, 
hot and cold extractions with methanol were made. While hot extractions 
gave more extract yields, cold extractions gave more total phenolic, 
flavanol and flavonol contents. The highest values of total phenolics were 
obtained from the hot and cold methanolic extractions of leaf with 478.34 
and 530.40 mg GAE/g, respectively. The relative concentrations of the 
various phenolic compounds were not noteworthy influenced by the 
extraction methods. Gallic acid in the fresh and spent flower extracts, and 
(+)-catechin and (−)-epicatechin in the leaf extract were the most abundant 
phenolic compounds. Leaf extracts exhibited more antiradical activity at 
concentration of 50 μg/ml even better than from synthetic antioxidants as 
Trolox, BHA and BHT. The leaf cold extractions had also the strongest 



 

 

UPLC Fingerprinting and Pharmacopoeial Studies of  71Unani Coded Compound Formulation UNIM-040 

antioxidant properties when measured with the absorbance was measured 
at 700 nm as 1.43 and 1.72 at the concentrations of 100 and 150 μg/ml, 
respectively. The strongest antioxidant properties measured with the FRAP 
assay had leaf cold extractions as 1.43 and 1.72 μg/ml at the concentrations 
of 100 and 150 μg/ml, respectively. As a conclusion, these results indicate 
that oil-bearing rose by-products, a large scale wastes, can be evaluated for 
natural antioxidant sources. 

5.7.2. Reversed Phase-HPLC for Rapid Determination of Polyphenols 
in Flowers of Rose Species [168] 

The author developed a rapid, simple, sensitive, robust, and improved 
HPLC method and validated for determination of 10 polyphenols, namely 
gallic acid, catechin, epicatechin, rutin, m-coumaric acid, quercitrin, 
myricetin, quercetin, apigenin, and kaempferol in fresh flowers of Rosa 
bourboniana and R. brunonii and in both fresh flowers and marc (left after 
industrial distillation of rose oil) of R. damascena. Six polyphenols, gallic 
acid, rutin, quercitrin, myricetin, quercetin, and kaempferol, were detected 
and quantified in all extracts. The chromatographic separation of 10 
polyphenols was achieved in less than 16 min by RP-HPLC (Phenomenex, 
Luna C18 (2) column, 5 µm, 250 mm x 4.6 mm) using linear gradient 
elution of water and acetonitrile (0.02% trifluroacetic acid) with a flow rate 
of 1 mL/min at λ 280 nm. Standard calibration curves were linear in the 
range of 0.39-500 µg/mL. Good results were achieved with respect to 
repeatability (RSD <3%) and recovery (98.6-100.8%). The method was 
validated for linearity, accuracy, repeatability, LOD, and LOQ. 

5.7.3. Flavonol glycosides from Distilled Petals of Rosa damascena 
Mill. [169] 

Flavonol glycosides were extracted from petals of Rosa damascena Mill. 
after industrial distillation for essential oil recovery and characterized by 
high-performance liquid chromatography-electrospray ionization mass 
spectrometry. Among the 22 major compounds analyzed, only kaempferol 
and quercetin glycosides were detected. The presence of quercetin 3-O-
galactoside and quercetin 3-O-xyloside has so far not been reported within 
the genus Rosa. In addition, based on their fragmentation patterns, several 
acylated quercetin and kaempferol glycosides, some of them being 
disaccharides, were identified. The kaempferol glycosides, along with the 
kaempferol aglycone, accounted for 80% of the total compounds that were 
quantified, with kaempferol 3-O-glucoside being the predominant 
component. The high flavonol content of approximately 16 g/kg on a dry 
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weight basis revealed that distilled rose petals represent a promising source 
of phenolic compounds which might be used as functional food ingredients, 
as natural antioxidants or as color enhancers. 

5.8. Maweez Munaqqa 

5.8.1. Chemical Characterisation of Malvar Grape Seeds (Vitis 
vinifera L.) by Ultrafiltration and RP-HPLC-PAD-MS [170] 

The author developed a RP-HPLC-PAD-MS analytical technique for the 
characterisation of low molecular mass extractable phytochemicals from 
Malvar grape seeds (Vitis vinifera L.). Thirty-nine peaks were identified. 
Seventeen of them contained 17 unambiguously identified compounds: 3 
flavan-3-ol monomers (C, EC and ECG), 6 procyanidin dimers (B1, B2, B3, 
B4, B5 and B6), 1 procyanidin trimer (C1), 1 procyanidin tetramer ([EC-(4α-
8)-EC-(4α-8)-EC-(4α-8)-EC]), 4 hydroxybenzoic derivatives (gallic and 
protocatechuic acids, protocatechuic aldehyde and methyl gallate), 1 amino 
acid (tryptophan) and ellagic acid. The remaining 22 peaks, and 1 of the 
first 17 contained 26 compounds which were tentatively identified as: 2 
procyanidin dimers (A- and B-type), 7 trimers, 3 tetramers, 7 
monogalloylated dimers, 2 monogalloylated trimers and 1 digalloylated 
dimer, besides 1 gallotannin, 1 dihydroflavonol and 2 ellagitannins, some 
of them described for first time in V. vinifera species. Flavan-3-ols 
represented 62.4% of all grape seed constituents, absorbing at 280 nm, 
whereas the non-flavan-3-ol species accounted for more than one-third of 
the total extractable grape seed constituents. 

5.8.2. HPLC/MS Application to Anthocyanins of Vitis vinifera L. 
[171] 
The author developed a HPLC/MS application to anthocyanic compounds 
of Vitis vinifera L. A series of liquid-liquid and liquid-solid extractions 
yielded an extract containing anthocyanic compounds only. This extract 
was analyzed by HPLC/DAD and HPLC/MS, and UV-vis and MS spectra 
of each compound were obtained. An API ion-spray interface allowed 
coupling between the chromatographic system and a mass spectrometer. 
This interface allowed application of the chromatographic conditions 
normally used in the HPLC analysis of anthocyanic compounds, which led 
to the identification of the 3-glucosides, the 3-acetylglucosides, and the 3-
p-coumaroylglucosides of delphinidin, cyanidin, petunidin, peonidin, and 
malvidin, already known in the literature. Two 3-caffeoylglucoside 
derivatives were identified too, and it had identified some 3,5-diglucosides 



 

 

UPLC Fingerprinting and Pharmacopoeial Studies of  73Unani Coded Compound Formulation UNIM-040 

that are known to be present in Vitis sp. but not in Vitis vinifera L. The 
investigated cultivars showed the same anthocyanic profile but dramatic 
quantitative differences. 

5.8.3. Profile of Bioactive Compounds from Grape Pomace (Vitis 
vinifera and Vitis labrusca) by Spectrophotometric, Chromatographic 
and Spectral Analysis [172] 

The author work shows to characterize grape pomace (GP) from 
winemaking byproducts of different grape samples (Cabernet Sauvignon-
CS; Merlot-ME; Mix composed of 65% Bordeaux, 25% Isabel and 10% 
BRS Violet-MI and Terci-TE) with a view to exploiting its potential as a 
source of bioactive compounds and an alternative to the reuse of waste. 
Bioactive compounds such as individual phenolic compounds and 
polyunsaturated fatty acids (PUFA) were identified and quantified by 
spectrophotometric, chromatographic and spectral analyses. The sample of 
MI had the highest concentrations for total phenolic compounds and total 
flavonoids, while TE had the highest content for total monomeric 
anthocyanins. For all samples it was possible to identify 13 different 
anthocyanins by HPLC and mass spectrometry (MS). Moreover, the GP 
samples showed phenolic acids; flavan-3-ols such as catechin; flavonols 
such as quercetin, rutin and kaempferol; and stilbenes such as trans-
resveratrol. 

5.8.4. In vitro Antioxidant and Antimicrobial Activities of Grapes 
(Vitis vinifera. L) Seed and Skin Extracts - Muscat Variety [173] 

The skins and seeds of grapes are known to be rich sources of phenolic 
compounds, both flavonoids and non-flavonoids. The author determined 
polyphenolic composition, antioxidant potential along with free radical 
scavenging activity and antimicrobial properties of ethanol extract of 
Grape skin and seed. Grape seed showed high antioxidant and 
antimicrobial activity compared to grape skin extract 

5.9. Beikh-e-Karafs 

5.9.1. Chemical Constituents of Fresh Celery (Apium graveolens) 
[174] 

The author describes the chemical constituents of the whole plant of fresh 
celery (Apium graveolens). The constituents were isolated and purified by 
silica gel, Sephadex LH-20, ODS column chromatography, PTLC, HPLC, 
and their structures were elucidated on the basis of spectral evidences. 
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Twenty compounds were obtained and identified as falcariondiol (1), (9Z) 
1,9-heptadecadiene-4,6-diyne-3,8,11-triol (2), oplopandiol (3), bergapten 
(4), 5,8-dimethoxy psoralen (5), isofraxidin (6), eugenic acid (7), trans-
ferulic acid (8), trans-cinnamic acid (9), p-hydroxyphenyl ethanol ferulate 
(10), caffeoylquinic acid (11), 5-p-trans-coumaroylquinic acid (12), 
sedanolide (13), lunularin (14), lunularic acid (15), 2-(3-methoxy-4-
hydroxyphenol)-propane-1,3-diol (16), D-allitol (17), beta-sitosterol (18), 
benzolic acid (19), succinic acid (20). 

5.9.2. Detection and Quantification of Glycosylated Flavonoid 
Malonates in Celery, Chinese Celery, and Celery Seed by LC-DAD-
ESI/MS [175] 

The author developed a screening method using LC-DAD-ESI/MS was 
applied to the analysis of flavonoids in celery, Chinese celery, and celery 
seeds (Apium graveolens L. and varieties). Fifteen flavonoid glycosides 
were detected in the three celery materials. They were identified as luteolin 
7-O-apiosylglucoside, luteolin 7-O-glucoside, apigenin 7-O-
apiosylglucoside, chrysoeriol 7-O-apiosylglucoside, chrysoeriol 7-O-
glucoside, and more than 10 malonyl derivatives of these glycosides. The 
identification of the malonyl derivatives was confirmed by their conversion 
into glycosides upon heating and by comparison of some of the malonates 
with malonates that had previously been identified in red bell pepper and 
parsley. The concentrations of the glycosides and the malonyl glycosides 
in the three materials were estimated by comparison to aglycone standards. 
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6. EXPERIMENTAL 

6.1. Materials and Methods 
All reagents used were of HPLC grade unless stated otherwise. HPLC-
grade methanol, acetonitrile, water, formic acid, orthophosphoric acid 
(Fischer scientific, India), triflouroacetic acid (Loba Chemie, India) were 
used. Samples of UNIM-040 and its ingredients 1.Asl-us-Soos, 2.Anjeer 
Zard, 3.Badiyan Desi, 4.Beikh-e-Badiyan, 5.Parsiyaoshan, 6.Tukhm-e-
Khatmi, 7.Tukhm-e-Khobbazi, 8.Gul-e-Surkh, 9.Maweez Munaqqa, 
10.Beikh-e-Karafs were procured from the pharmacy, National Research 
Institute of Unani Medicine for Skin Disorders, Hyderabad and reference 
standards viz., 1) Glycyrrhizin; 2) Cyanidin-3,5-di-O-glucoside; 3) 4-O-
Caffeoylquinic acid; 4) Palmitic acid ( or n-hexadecanoic acid); 5) 
Quercitrin hydrate; 6) luteolin; 7) Resveratrol; 8) Apigenin; 9) t-Ferulic 
acid; 10) Caffeic acid; 11) Quercetin; 12) Rutin; 13) Gallic acid were 
procured from (Sigma Aldrich, Bangalore, India). Syringe filter PTFE 
membrane of 0.22 µm pore size, dia. 25mm (Axiva). 

Name of 
Reference 
Standard 

Compound 

Structure and Chemical 
Properties 

Nature 

Glycyrrhizin 

Molecular Formula: C42H62O16 

Molecular Mass: 822.93 g/mol  

Structurally it is 
a saponin and has been 
used as 
an emulsifier and gel-
forming agent in 
foodstuff and cosmetics. 

Its 
aglycone is enoxolone a
nd it has therefore been 
used as a prodrug for 
that compound, for 
example it is used in 
Japan to prevent liver 
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carcinogenesis in 
patients with 
chronic hepatitis C. 

Cyanidin-3,5-
di-O-glucoside  

 

Molecular Formula: C27H31O16 

Molecular Mass: 611.52544 
g/mol (chloride 647 g/mol) 

Cyanidin-3,5-O-
diglucoside, also known 
as cyanin, is 
an anthocyanin. It is the 
3,5-O-
diglucoside of cyanidin
g. 

4-O-
Caffeoylquinic 
acid 

 

Molecular Formula: C16H18O9 

Molecular weight: 354.31 

Natural polyphenolic 
compound found in 
some types of dried 
fruits 

Palmitic acid 
(ornhexadecano
ic acid) 

 

Molecular Formula: C16H32O2 

Molecular mass: 
256.4241 g/mol 

Palmitic acid, or 
hexadecanoic acid is the 
most common fatty acid 
found in plants and 
microorganisms.  
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Quercitrin 
hydrate 

(or Quercetin-3-
O-rhamnoside) 

 

Molecular Formula: C21H20O11 · 
xH2O 

Molecular mass: 448.38 g/mol 

Quercitrin is a glycoside 
formed from the 
flavonoid quercetin and 
the deoxy sugar 
rhamnose. 

Quercetin 

 
Molecular Formula: C15H10O7 
Molecular Weight 302.24 

Quercetin is a flavonol 
found in many fruits, 
vegetables, leaves and 
grains. most abundant 
dietary flavonoids. 

Quercetin forms the 
glycosides quercitrin 
and rutin together with 
rhamnose and rutinose, 
respectively. 

luteolin 

 
Molecular Formula: C15H10O6 
Molecular mass: 286.24 g/mol 

Luteolin is a flavone, a 
type of flavonoid. Like 
all flavonoids, it has a 
yellow crystalline 
appearance 
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Gallic acid 

 
Molecular Formula: C7H6O5 
Molecular mass: 170.12 g/mol 

Gallic acid is a 
trihydroxybenzoic acid, 
a type of phenolic acid, a 
type of organic acid, 
also known as 3,4,5-
trihydroxybenzoic acid. 

Gallic acid is found both 
free and as part of 
hydrolyzable tannins. 
The gallic acid groups 
are usually bonded to 
form dimers such as 
ellagic acid. 

Resveratrol 

 Molecular Formula: C14H12O3 
Molecular mass: 228.25 g/mol 

Resveratrol (3,5,4′-
trihydroxy-trans-
stilbene) is a stilbenoid, 
a type of natural phenol, 
and a phytoalexin 
produced naturally by 
several plants in 
response to injury or 
when the plant is under 
attack by pathogens 
such as bacteria or fungi.

Apigenin 

 
Molecular Formula: C15H10O5 
Molecular mass: 270.24 g/mol 

Apigenin (4′,5,7-
trihydroxyflavone), 
found in many plants, is 
a natural product 
belonging to the flavone 
class that is the aglycone 
of several naturally 
occurring glycosides. It 
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is a yellow crystalline 
solid that has been used 
to dye wool. 

t-Ferulic acid 

 

Molecular Formula: C10H10O4 

Molecular mass: 194.18 g/mol 

Ferulic acid is a 
hydroxycinnamic acid, a 
type of organic 
compound. It is an 
abundant phenolic 
phytochemical found in 
plant cell wall 
components such as 
arabinoxylans as 
covalent side chains. 

Caffeic acid 

 

Molecular Formula: C9H8O4 

Molecular mass: 180.16 g/mol 

Caffeic acid is an 
organic compound that 
is classified as 
hydroxycinnamic acid. 
This yellow solid 
consists of both phenolic 
and acrylic functional 
groups. It is found in all 
plants because it is a key 
intermediate in the 
biosynthesis of lignin, 
one of the principal 
components of plant 
biomass and its residues.
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Figure 8: Structures of reference standard compounds [33-175] 
 

Rutin 

Molecular Formula: C27H30O16 

Molecular mass: 610.52 g/mol 

Rutin, also called 
rutoside, quercetin-3-O-
rutinoside and sophorin, 
is the glycoside between 
the flavonol quercetin 
and the disaccharide 
rutinose (α-L-
rhamnopyranosyl-
(1→6))-β-D-
glucopyranose). 

Kaempferol 

 

Molecular Formula: C15H10O6 

Molecular mass: 286.24 g/mol 

Kaempferol is a natural 
flavonol, a type of 
flavonoid, found in a 
variety of plants and 
plant-derived foods. 
Kaempferol is a yellow 
crystalline solid with a 
melting point of 276–
278 °C (529–532 °F). It 
is slightly soluble in 
water and highly soluble 
in hot ethanol, ethers, 
and DMSO. Kaempferol 
acts as an antioxidant by 
reducing oxidative 
stress. 
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6.2. Apparatus 
Development of 
fingerprinting profile of 
the Unani coded 
formulation UNIM-040 
was carried out on 
UPLC system 
composed of Acquity 
UPLC H-Class Bio 
system (Milford, MA, 
USA) equipped with a 
Quaternary Solvent 
Manager (QSM), 
Sample Manager-FTN 
(SM-FTN) Column 
Heater and an Acquity 
Photo diode array 
(PDA) detector, and 
degasser system 
controller and Acquity 
console (all from ACQUITY WATERS, USA). Waters 
ACQUITY UPLC™ BEH C18 2.1 x 100 mm, 1.7 µm; Waters Acquity 
HSS T-3 column (100 x 2.1 mm, 1.8 micron) and ACQUITY UPLC™ 
HILIC C18 2.1 x 100 mm, 1.7 µm were used during the study [176]. The 
chromatographic analysis and the data acquisition, data handling and 
instrumentation control were performed by Empower 3 software through 
computer system. BEH C18 2.1 x 100 mm, 1.7 µm column was used to 
optimize the method. Ultrasonicator (Osworld, India) was used for 
degassing the mobile phase. 

6.3. Analytical Procedures 

6.3.1. Preparation of Mobile Phase for Sample Analysis 
0.05 ml of triflouroacetic acid was taken with the help of micro pipette and 
added in 90 ml of water and finally make up the volume to 100ml with 
HPLC grade water. The resultant buffer 0.05% TFA (solvent A) was 
thoroughly shaken and filtered through syringe filter PTFE membrane of 
0.22 µm pore size.  

Waters Acquity UPLC H-Class Bio System 
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0.05 ml of triflouroacetic acid was taken with the help of micro pipette and 
added in 90 ml of Methanol: Acetonitrile (90:10) and finally make up the 
volume to 100ml with Methanol: Acetonitrile (90:10). The resultant buffer 
0.05% TFA (solvent B) was thoroughly shaken and filtered through syringe 
filter PTFE membrane of 0.22 µm pore size. Methanol: Acetonitrile was 
used as an organic modifier (solvent B) in gradient elution mode. 

6.3.2. Preparation of Standard Solutions 
Stock solutions of standards 1) Glycyrrhizin; 2) Cyanidin-3,5-di-O-
glucoside; 3) 4-O-Caffeoylquinic acid; 4) Palmitic acid (or n-hexadecanoic 
acid); 5) Quercitrin hydrate; 6) luteolin; 7) Resveratrol; 8) Apigenin; 9) t-
Ferulic acid; 10) Caffeic acid; 11) Quercetin; 12) Rutin; 13) Gallic acid 14) 
Kaempferol were accurately weighed each 2mg into separate vial and 
dissolved with methanol and made up the volume to 2ml with methanol to 
obtain a concentration of 1000 μg/μl each separately. Solutions were 
degassed for 15 minutes and aliquots were prepared by dilution to obtain 
the concentration of 10, 20, 30, 40, 50 g/ml and 2l volume was injected 
for UPLC analysis. 

6.3.3. Preparation of Sample Solutions 
Formulation UNIM-040 and its ingredients were initially powdered viz. 
1.Asl-us-Soos, 2.Anjeer Zard, 3.Badiyan Desi, 4.Beikh-e-Badiyan, 
5.Parsiyaoshan, 6.Tukhm-e-Khatmi, 7.Tukhm-e-Khobbazi, 8.Gul-e-Surkh, 
9.Maweez Munaqqa, 10.Beikh-e-Karafs. Accurately weighed 6gms each 
and transferred in 100 ml beaker, and extracted with 60ml methanol by 
Ultrasonic extraction method for 15 minutes. Sample extracts was filtered 
through syringe filter PTFE membrane of 0.22 µm pore size and stored. 
Thus obtained solution was used for further analysis. 

For the aqueous and hydroalcoholic (50:50) extracts the above same 
procedure was followed by replacing the methanol with the water and 
water: alcohol (50:50) through Ultrasonic extraction method with the help 
of Ultrasonicator for 15 minutes. Sample extracts was filtered through 
syringe filter PTFE membrane of 0.22 µm pore size and stored. Thus 
obtained extract solution was used for further analysis. 
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Figure 9: Sample extracts of UNIM 040 and its ingredients 

6.4. Chromatographic Conditions 
The mobile phases used in the study, before delivering into the system was 
filtered through 0.22 m, PTFE filter and degassed with the help of 
Ultrasonicator for 15 minutes. The analysis was carried out under gradient 
conditions at a flow rate of 0.2 ml/min at 40 oC temperature. 
Chromatograms were recorded at 254 nm wavelength using an ACQUITY 
Photo diode array detector.  

6.5. Gradient Conditions 
Mobile phase A: 0.05% triflouroacetic acid in water, pH 2.19 and Mobile 
phase B: 0.05% triflouroacetic acid in Methanol: Acetonitrile (90:10) was 
pumped at a flow rate of 0.2 ml/min according to the gradient elution 
programme given in Table 3. 

Table 3: Gradient programme 

Time (min) % Solvent A % Solvent B 
0 100 0 

15 75 25 
30 56 44 
36 35 65 
46 35 65 
48 22 78 
52 0 100 
60 0 100 
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Column : Waters ACQUITY UPLC™ BEH C18 2.1 x 100mm, 
particle size 1.7 µm             

Flow rate : 0.2 ml/min 

Detector : Photo diode array (PDA)  

Wavelength  : 254 nm 

Temperature : 40C  2C 

6.6. LC-MS (Q-TOF):6540 Operating Conditions 
LC-MS/MS studies were carried out on an Agilent 1200 series LC 
instrument (Agilent Technologies, USA) attached to a quadrupole time-of-
flight mass spectrometer (Q-TOF LC/MS 6540 series. Agilent 
Technologies, USA) coupled with electrospray ionization (ESI). The 
operating conditions of the mass detector in the LC-MS/MS study were as 
follows: fragmentor voltage at 130V, capillary at 4000 V, Gas temperature 
3250C, Nebulizer (psig):40 and source nitrogen gas flow 10.0 L/min. 
Acquisition mode MS2:MS Min Range (m/z): 100; MS Max Range (m/z): 
1700; MS Scan rate (spectra/sec): 3.00; MS/MS Scan Rate 
(spectra/sec):2.00; Collision Energies: 0.00; Ultra high purity nitrogen gas 
was used as the collision gas. All the spectra were recorded under identical 
experimental conditions, with an average of 20-25 scans. The collision-
induced dissociation (CID) spectra of [M+H]+ ions were recorded at 
different collision energy (CE) values. 

LCMS Gradient Conditions  
Injection volume : 5 µl 

Flow   : 0.3 ml/min 

Mobile Phase A : 0.1% Formic Acid + 5mM Ammonium formate in 
Water. 

Mobile Phase B : 0.1% Formic Acid in Acetonitrile 

Gradient Programme  :1.0 min 5% B, 25 min 55% B, 35 min 95%, 45 min 
95% B, 48 min 5% B, 50 min 5% B. 

Column Temperature : 35°C  
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7. RESULTS AND DISCUSSION 

The present study aimed at developing a UPLC fingerprinting profile of 
UNIM-040 Unani coded formulation and also batch to batch analysis of 
formulation. 

Development and Validation of UPLC Method 
Till date there is no UPLC method reported on herbal Unani drugs or in 
particular Unani formulation UNIM-040. Therefore, an attempt was made 
for the first time to develop a Reverse Phase UPLC method as a fingerprint 
profile for UNIM-040 to be sensitive, selective and accurate. 

The method was validated according to the ICH guidelines with respect to 
system suitability, linearity, limit of quantitation and detection, precision, 
accuracy, robustness. 

7.1. Method Development 

Fingerprinting profile of UNIM-040 Formulation 
The Unani formulation UNIM-040 was made up of ten ingredients viz., 
1.Asl-us-soos, 2.Anjeer Zard, 3.Badiyan Desi, 4.Beikh-e-Badiyan, 
5.Parsiyaoshan, 6.Tukhm-e-Khatmi, 7.Tukhm-e-Khobbazi, 8.Gul-e-Surkh, 
9.Maweez Munaqqa, 10.Beikh-e-Karafs mixed in equal parts. The 
compounds reported in the above plant materials were structurally polar as 
described in previous sections. The retention of polar compounds on 
chemically bonded reverse phases was generally large and non-aqueous 
solvents such as methanol, acetonitrile and tetrahydrofuran should be used 
to accomplish the elution in an acceptable time. For example, the separation 
of phenolics, saponin, anthocyanidin, flavonoid, flavonol, glycosides have 
been generally carried out by non-aqueous reversed phase 
chromatography. Under such conditions the homologues are better 
resolved than on silica, which was another advantage of reversed-phase 
separations. 
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7.1.1. Optimization of Chromatographic Conditions 
The non-aqueous reversed phase UPLC was carried out to separate the 
compounds present in the sample extracts. Initially, water with acetonitrile, 
water with methanol, acetonitrile and Methanol were tried. Different 
composition of methanol and acetonitrile were also tried for the separation 
of compounds in the extract.  

7.1.2. Column Selection 
Initially three different C18 columns viz. Waters ACQUITY UPLC™ 
BEH C18 (2.1 x 100 mm, 1.7 µm); Waters Acquity HSS T-3 column (100 
x 2.1 mm, 1.8 micron) and ACQUITY UPLC™ HILIC C18 (2.1 x 100 mm, 
1.7 µm) columns were tried for separation in the methanolic extract of 
UNIM-040. Chemistry of selected stationary phases as described  
in Table 4.  

The stationary phase was found to have a great influence on the retention 
time, resolution and peak shapes. The experiments showed that Waters 
Acquity HSS T-3 column (100 x 2.1 mm, 1.8 micron) when used for 
separation, it was found to be not suitable due to late elution and merging 
of peaks and ACQUITY UPLC™ HILIC C18 (2.1 x 100 mm, 1.7 µm) was 
not suitable due to early peaks elution in the chromatogram as shown in 
Figure 10 (a-b). The good elution of peaks was obtained on Waters 
ACQUITY UPLC™ BEH C18 (2.1 x 100 mm, 1.7 µm) column as the 
peaks are well separated with run time as 90 min. Later, the conditions 
modified to separate all the peaks with in 60 min run time by gradient 
conditions using water and methanol: acetonitrile as shown in Figure 10c. 
It was observed that C18 (BEH C18 2.1 x 100 mm, 1.7 µm) found suitable 
to elute and allowing separation of the compounds. So it was chosen for 
further method development. The analyzed chromatographic conditions 
were as tabulated in Table 5. 
Table 4: Chemistry of selected stationary phases 
S. No Properties Acquity UPLC™ 

BEH C18, 2.1 x 
100 mm, 1.7 µm 

Acquity HSS T-
3 column, 100 x 
2.1 mm, 1.8 µm 

Acquity UPLC™ 
HILIC C18, 2.1 x 
100 mm, 1.7 µm 

1.  Chemistry C-18 C-18 C-18 

2.  Particle shape Spherical Spherical Spherical 

3.  Pore size (Ao) 100 100 130 
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S. No Properties Acquity UPLC™ 
BEH C18, 2.1 x 
100 mm, 1.7 µm 

Acquity HSS T-
3 column, 100 x 
2.1 mm, 1.8 µm 

Acquity UPLC™ 
HILIC C18, 2.1 x 
100 mm, 1.7 µm 

4.  Size (m) 1.7 µm 1.8 µm 1.7 µm 

5.  Bonded phase trifunctionally 
bonded 

silica-based 
bonded phase 

unbonded BEH 
substrate 

 

 

 

 

Figure 10: Typical chromatogram showing the separation when used a) 
Waters Acquity HSS T-3 column, (100 x 2.1 mm, 1.8µm). b) Acquity UPLC™ 
HILIC C18 (2.1 x 100 mm, 1.7 µm). c) Waters Acquity UPLC BEH C18 (2.1 
x 100 mm, 1.7 µm) 
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Table 5: Screening of column under the chromatographic conditions 

S.N. Column Run 
time  

Flow rate Mobile phase system Gradient conditions Observation 

1.  Acquity HSS T-3 
column, 100 x 2.1 
mm, 1.8 µm 

60 min 0.2ml/minMobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1% TFA in MeOH 

0 min 0% B, 0.20 min 15% B, 8 
min 25% B, 24 min 30% B, 32 
min 50% B, 50 min 90% B, 55 
min 90% B, 60 min 15% B 

No proper 
separation was 
found 

2.  Acquity UPLC™ 
HILIC C18 2.1 x 
100 mm, 1.7 µm 

60 min 0.2ml/minMobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1% TFA in MeOH 

0 min 0% B, 0.20 min 15% B, 8 
min 25% B, 24 min 30% B, 32 
min 50% B, 50 min 90% B, 55 
min 90% B, 60 min 15% B 

No proper 
separation was 
found 

3.  Acquity UPLC™ 
BEH C18 2.1 x 100 
mm, 1.7 µm 

60 min 0.2ml/minMobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1% TFA in MeOH 

0 min 0% B, 0.20 min 15% B, 8 
min 25% B, 24 min 30% B, 32 
min 50% B, 50 min 90% B, 55 
min 90% B, 60 min 15% B 

Separation of 
peaks was 
found to be 
good 
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7.1.3. Effect of Organic Modifier 
The extract of UNIM- 040 formulation was subjected to UPLC for 
separation of compounds by reverse phase liquid chromatography. An 
isocratic, linear and gradient programme was tried for elution and the 
conditions were further modified. Initially elution was tried with 100% 
acetonitrile and 100% methanol no separation was observed. But in 
acetonitrile no peaks were observed whereas methanol few peaks with no 
proper separation were observed. Further Isocratic separation with water: 
methanol as mobile phase was tried with PDA detector. No proper 
separation was achieved. Gradient programme was then tried with water, 
acetonitrile, methanol and methanol: acetonitrile as tabulated in Table 6a. 
Table 6a: Isocratic chromatographic conditions 
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1 Isocratic 50 min 0.2 
ml/min 

Mobile Phase 
A: 100% 
water 

0 min 100% 
A, 50 min 
100% A 

No 
separation 

2 Isocratic 50 min 0.2 
ml/min 

Mobile Phase 
A: 100% 
MeOH 

0 min 100% 
A, 50 min 
100% A 

No 
separation 

3 Isocratic 60 min 0.2 
ml/min 

Mobile Phase 
A:  
100% ACN 

0 min 100% 
A, 60 min 
100% A 

No 
separation 

4 Linear 
gradient 

60 min 0.2 
ml/min 

Mobile Phase 
A: 100% 
water 
Mobile Phase 
B: 100% 
MeOH: ACN 
(90:10) 

0 min 0% 
B, 50 min 
100% B 

Separation 
was not 
proper 
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When the methanolic extract of UNIM-040 was subjected to reversed-
phase UPLC on C18 column with water-methanol as eluent for separation, 
it was observed that the peaks were too close or merged. The separation of 
compounds becomes critical as they elute very close to each other. In 
another attempt, the acetonitrile was added in methanol. When water and 
methanol: acetonitrile was used as the mobile phase all the peaks were 
found to be eluted having slight separation for compound peaks in UNIM-
040. Therefore, water and methanol: acetonitrile was found to be suitable 
for separation of compounds and methanol: acetonitrile was selected as an 
organic modifier. Finally, the better separation was achieved with the 
addition of buffer in the mobile phase containing 0.05% Trifluoroacetic 
acid as shown in Figure 11 and the chromatographic separation was found 
to be proper. The various chromatographic conditions for screening of 
organic modifier are as tabulated in Table 6b.  

  
Figure 11: Typical chromatogram showing the separation in UNIM-040. a) 
when water and methanol: acetonitrile (90:10) containing 0.1% Trifluoroacetic 
acid as buffer. b) When 0.05% TFA in water and 0.05% TFA in MeOH: ACN 
(90:10) 
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Table 6b: Organic modifier screening conditions 

S.No. Run 
time 

Flow 
rate 

Mobile phase 
system 

Programme Observation 

 60 
min 

0.2 
ml/min 

Mobile Phase A: 
100% water 
Mobile Phase B: 
100% MeOH 

0 min 0% B, 0.20 min 
15% B, 8 min 25% B, 
24 min 30% B, 32 min 
50% B, 50 min 90% B, 
55 min 90% B, 60 min 
15% B. 

Separation 
was not good 

 60 
min 

0.2 
ml/min 

Mobile Phase A: 
100% water 
Mobile Phase B: 
MeOH: ACN 
(90:10) 

0 min 0% B, 0.20 min 
15% B, 8 min 25% B, 
24 min 30% B, 32 min 
50% B,50 min 90% B, 
55 min 90% B, 60 min 
15% B 

Separation 
was not 
proper 

 70 
min 

0.2 
ml/min 

Mobile Phase A: 
100% water 
Mobile Phase B: 
MeOH: ACN 
(90:10) 

0 min 0% B, 3 min 15% 
B, 20 min 25% B, 32 
min 30% B, 40 min 
50% B,60 min 90% B, 
65 min 90% B, 70 min 
0% B 

Separation 
was not good 

 60 
min 

0.2 
ml/min 

Mobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1%TFA in 
MeOH 

0 min 0% B, 15 min 
25% B, 35 min 50% B, 
38 min 62% B, 40 min 
78% B, 55 min 90% B, 
58 min 100% B, 60 min 
15% B 

Separation of 
peaks was 
found and 
resolution 
found to be 
not good 

 65 
min 

0.2 
ml/min 

Mobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1%TFA in 
MeOH: ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 35 min 50% B, 
38 min 62% B, 55 min 
68% B, 56 min 90% B, 
60 min 90% B, 65 min 
0% B 

Separation of 
peaks was 
found and 
resolution 
found to be 
not good 

 75 
min 

0.2 
ml/min 

Mobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1%TFA in 

0 min 0% B, 15 min 
25% B, 38 min 50% B, 
42 min 62% B, 67 min 
68% B, 72 min 90% B, 
75 min 90% B 

Separation of 
peaks and 
resolution was 
found but 
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S.No. Run 
time 

Flow 
rate 

Mobile phase 
system 

Programme Observation 

MeOH: ACN 
(90:10) 

peak shapes 
were not good 

 60 
min 

0.2 
ml/min 

Mobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1%TFA in 
MeOH: ACN 
(90:10) 

0 min 10% B, 3 min 
10% B, 40 min 65% B, 
45 min 85% B, 48 
min85% B, 53 min 10% 
B, 60 min 10% B 

Separation of 
peaks was 
found but 
peaks merged 
and closer 

 90 
min 

0.2 
ml/min 

Mobile Phase A: 
0.1% TFA in water 
Mobile Phase B: 
0.1% TFA in 
MeOH: ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 30 min 45% B, 
35 min 60% B, 65 min 
60% B, 70 min 75% B, 
85 min 100% B, 90 min 
100% B 

Separation of 
peaks was 
found. Next 
screening was 
carried out 
with 0.05% 
TFA 

 60 
min 

0.2 
ml/min 

Mobile Phase A: 
0.05% TFA in 
water 
Mobile Phase B: 
0.05% TFA in 
MeOH: ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 30 min 44% B, 
36 min 65% B, 46 min 
65% B, 48 min 78% B, 
52 min 100% B, 60 min 
100% B 

TFA % was 
reduced to 
0.05% and 
found to be 
equally 
suitable. 
Separation of 
peaks was 
found and 
good 

Different solvent extracts such as Aqueous, hydroalcoholic (50:50) 
and methanolic extracts of UNIM-040 subjected to UPLC analysis 

Preliminary experiments were conducted by subjecting aqueous, 
hydroalcoholic (50:50) and methanolic extracts of UNIM-040 by reversed-
phase UPLC on a Waters Acquity BEH C18 column with water, methanol: 
acetonitrile (90:10) as eluent for separation of compounds and tried for the 
resolution of peaks in the extract. In case of aqueous and hydroalcoholic 
extracts of UNIM-040, no proper separation of peaks was found, and 
absorbance was also found to be low whereas in methanolic extract 
separation of peaks was found to be better when compared to aqueous and 
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hydroalcoholic extracts. In the methanolic extract number of peaks and 
their separation and absorbance were also found to be good as shown in 
Figure 12(a-c) with the chromatographic conditions as tabulated  
in Table 7. 
Table 7: Selection of solvent extraction method (sample preparation) 
S.NoSolvent 

extract 
Run 
time

Flow rate Mobile 
phase 
system 

Gradient 
programme 

Observation 

 Aqueous 
extract 

60 
min 

0.2ml/minMobile Phase 
A: 0.05% 
TFA in water 
Mobile Phase 
B: 0.05% 
TFA in 
MeOH: ACN 
(90:10) 

0 min 0% B, 
15 min 25% 
B, 30 min 
44% B, 36 
min 65% B, 
46 min 65% 
B, 48 min 
78% B, 52 
min 100% B, 
60 min 100% 
B 

No proper 
separation 
and 
absorbance 

 Hydroalcoholic 
extract 
(50:50) 

60 
min 

0.2ml/minMobile Phase 
A: 0.05% 
TFA in water 
Mobile Phase 
B: 0.05% 
TFA in 
MeOH: ACN 
(90:10) 

0 min 0% B, 
15 min 25% 
B, 30 min 
44% B, 36 
min 65% B, 
46 min 65% 
B, 48 min 
78% B, 52 
min 100% B, 
60 min 100% 
B 

No proper 
separation 
and less peak 
absorbance 
was found 

 Methanol 
extract 

60 
min 

0.2ml/minMobile Phase 
A: 0.05% 
TFA in water 
Mobile Phase 
B: 0.05% 
TFA in 
MeOH: ACN 
(90:10) 

0 min 0% B, 
15 min 25% 
B, 30 min 
44% B, 36 
min 65% B, 
46 min 65% 
B, 48 min 
78% B, 52 
min 100% B, 
60 min 100% 
B 

Separation of 
peaks found 
and 
absorbance 
was good. 
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Figure 12 a-c: Typical chromatogram showing the separation of peaks of 
UNIM-040 in a) Aqueous extract b) Hydro alcoholic extract c) Methanolic 
extract 

7.1.4. Selection of Wavelength 
The methanolic extract of Unani coded formulation UNIM-040 was 
injected into the UPLC and under the chromatographic conditions as 
mobile phase A: 0.05% TFA in water and mobile phase B: 0.05% TFA in 
Methanol: Acetonitrile (90:10) gradient programme as 0 min 0% B, 15 min 

AU

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

(c) 

AU

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

(b) 

AU

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

(a) 



 

 

UPLC Fingerprinting and Pharmacopoeial Studies of  95Unani Coded Compound Formulation UNIM-040 

25% B, 30 min 44% B, 36 min 65% B, 46 min 65% B, 48 min 78% B, 52 
min 100% B, 60 min 100% B flow rate 0.2ml/min. The chromatogram 
obtained with the response of the peaks at 254nm, 280nm, 320nm, 350nm 
as shown in Figure 13. It was observed that at 254 nm wavelength all the 
peaks were having good detection of peaks having good absorbance when 
compared to that of wavelength at 280nm, 320nm, 350nm. 

 

Figure 13: Typical chromatogram showing separation of peaks in UNIM-040 
and their response at different wavelength a) 254nm, b) 280nm, c) 320nm, d) 
350 nm 

7.1.5. Selection of Buffer  
Different buffering agents were used in the mobile phase to improve the 
separation and peak shapes. The three different buffers such as formic acid, 
orthophosphoric acid and triflouroacetic acid were analyzed. The operated 
chromatographic conditions were tabulated in Table 8 having gradient as 0 
min 0% B, 15 min 25% B, 30 min 44% B, 36 min 65% B, 46 min 65% B, 
48 min 78% B, 52 min 100% B, 60 min 100% B. It was found that the 
retentions were decreased slightly with the buffer changes as shown in 
Figure 14 and separation was found to be good with triflouroacetic acid. 
Finally, separation was carried out on the Acquity UPLC BEH C18 column 
with gradient elution using 0.05% TFA in water: 0.05% TFA in methanol: 
acetonitrile (90:10) as mobile phase with the PDA detector wavelength set 
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at 254 nm. Triflouroacetic acid (0.05%) was used as a buffering agent in 
the mobile phase to improve the separation and peak shapes in the 
chromatogram. 
Table 8: Screening of buffer under the chromatographic conditions 

S.No. Buffer Run 
time 

Flow 
rate 

Mobile phase system Observation 

1 Formic acid 60 
min 

0.2 
ml/min 

Mobile Phase A:  
0.1%FA in water 
Mobile Phase B:  
0.1% FA in MeOH 

Separation of peaks 
was found to be good 
and base line was not 
good. 

2 Ortho 
phosphoric 
acid 

60 
min 

0.2 
ml/min 

Mobile Phase A:  
0.1%OPA in water 
Mobile Phase B:  
0.1% OPA in MeOH 

Base line and 
Separation of peaks 
was not proper 

3 Trifluoro-
acetic acid 

60 
min 

0.2 
ml/min 

Mobile Phase A:  
0.1%TFA in water 
Mobile Phase B:  
0.1%TFA in MeOH 

Base line and 
Separation of peaks 
was found to be 
slightly good 

 

 
Figure 14: Typical chromatogram showing separation of peaks of UNIM-
040 at a) 0.1%FA, b) 0.1%OPA and c) 0.1%TFA 
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7.1.6. Effect of Buffer Strength (as 0.05%, 0.1%, 0.2% 
Trifluoroacetic acid)  
The effect of bufferstrength as 0.05%, 0.1%, 0.2% Trifluoroaceticacid 
having pH of 2.19, 1.93 and 1.69 respectively were analysed using 
Trifluoroaceticacid as selected buffer on symmetry C18 column using the 
gradient programme as 0 min 0% B, 15 min 25% B, 30 min 44% B, 36 min 
65% B, 46 min 65% B, 48 min 78% B, 52 min 100% B, 60 min 100% B. 
and the chromatographic conditions were tabulated in Table 9. It was found 
that buffer strength could not change the retention time but peak shapes 
were improved significantly. Thus, the buffer strength of 0.05% having pH 
2.19 was found to be good and was selected as shown  
in Figure 15. 
Table 9: Screening of buffer strength under the chromatographic conditions 

S.No pH Run 
time 

Flow 
rate 

Mobile phase system Observation 

1 pH 2.19 60 
min 

0.2 
ml/min 

A: 0.05% TFA in water 

B: 0.05% TFA in 
MeOH: ACN (90:10) 

Not major changes 
are observed in 
retention time but 
baseline was 
slightly improved. 

2 pH 1.93 60 
min 

0.2 
ml/min 

A: 0.1% TFA in water 

B: 0.1% TFA in MeOH: 
ACN (90:10) 

Not major changes 
were observed in 
retention time but 
peak shapes were 
good 

3 pH 1.69 60 
min 

0.2 
ml/min 

A: 0.2% TFA in water 

B: 0.2% TFA in MeOH: 
ACN (90:10) 

No change in 
retention time but 
few peaks found to 
be very close 
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Figure 15: Typical chromatogram showing separation of peaks of UNIM-040 
at a) 0.05% TFA b) 0.1% TFA and c) 0.2% TFA  

7.1.7. Effect of Temperature 
The column was maintained at different temperatures from 28 to 50 oC in 
column compartment. The analysis was carried out under the gradient 
conditions as 0 min 0% B, 15 min 25% B, 30 min 44% B, 36 min 65% B, 46 
min 65% B, 48 min 78% B, 52 min 100% B, 60 min 100% B. It was found that 
the retentions were decreased slightly with increasing temperature and peaks 
became very close for few compounds as shown in Figure 16 and the separation 
was found to be good at 40 oC. Finally, separation on the Acquity UPLC BEH 
C18 column maintained at 40 oC with gradient elution using 0.05% TFA in 
Water: 0.05% TFA in MeOH: ACN (90:10) as mobile phase with the PDA 
detector wavelength set at 254 nm was selected for the method. The operated 
chromatographic conditions were as tabulated in Table 10. 
Table 10: Screening of temperature under the chromatographic conditions 
S.NoTemperatureRuntime Flow rate Mobile phase system Observations 
1 28oC 60 min 0.2ml/minMobile Phase A: 0.05% 

TFA in water 
Mobile Phase B: 0.05% 
TFA in MeOH:ACN 
(90:10) 

Retention time 
slightly reduced 
but few peaks 
found to be 
merged 

2 35oC 60 min 0.2ml/minMobile Phase A: 0.05% 
TFA in water 
Mobile Phase B: 0.05% 
TFA in MeOH:ACN 
(90:10) 

Retention time 
slightly reduced 
but few peaks 
found to be 
merged 
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S.NoTemperatureRuntime Flow rate Mobile phase system Observations 
3 40oC 60 min 0.2ml/minMobile Phase A: 0.05% 

TFA in water 
Mobile Phase B: 0.05% 
TFA in MeOH:ACN 
(90:10) 

Separation of 
peaks found to 
be good and 
peaks shapes 
was observed to 
be good 

4 50oC 60 min 0.2ml/minMobile Phase A: 0.05% 
TFA in water 
Mobile Phase B: 0.05% 
TFA in MeOH: ACN 
(90:10) 

Retention time 
reduced and 
merging of 
peaks was 
observed 

 

 

 
Figure 16: Typical chromatogram showing separation of peaks of UNIM-040 
at a) 280C, b) 350C, c) 400C and d) 500C  
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7.1.8. Effect of Flow Rate 
The flow rate was maintained at different speed from 0.1 to 0.4 ml/min. 
It was observed that retentions were decreased slightly with increasing 
flow rate and the peaks became very close and high effect on resolution 
of peaks was found. Merging of other peaks found arising less 
resolution in the separation. It was found that the separation of peaks 
and peak shapes were good at flow rate of 0.2ml/min as shown in 
Figure17. Finally, separation was carried out on the Acquity UPLC 
BEH C18 column maintained at flow rate of 0.2 ml/min with gradient 
elution using 0.05% trifluoroacetic acid in Water: 0.05% 
trifluoroacetic acid in Methanol: ACN (90:10) as mobile phase with 
the PDA detector, at 254 nm wavelength. The operated 
chromatographic conditions were tabulated in Table 11. 
Table 11: Chromatographic conditions for screening of flow rate 

S.No Run 
time 

Flow rate Mobile phase 
system 

Gradient conditions Observation 

1 60 
min 

0.1ml/minMobile Phase A: 
0.05% TFA in 
water 
Mobile Phase B: 
0.05% TFA in 
MeOH:ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 30 min 44% 
B, 36 min 65% B, 46 
min 65% B, 48 min 
78% B, 52 min 100% 
B, 60 min 100% B 

Separation of 
peaks was not 
found to be 
proper and 
peak shapes 
was not good 

2 60 
min 

0.2ml/minMobile Phase A: 
0.05% TFA in 
water 
Mobile Phase B: 
0.05% TFA in 
MeOH:ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 30 min 44% 
B, 36 min 65% B, 46 
min 65% B, 48 min 
78% B, 52 min 100% 
B, 60 min 100% B 

Separation of 
peaks were
found to be 
good and peak 
shapes were
good 

3 60 
min 

0.3ml/minMobile Phase A: 
0.05% TFA in 
water 
Mobile Phase B: 
0.05% TFA in 
MeOH:ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 30 min 44% 
B, 36 min 65% B, 46 
min 65% B, 48 min 
78% B, 52 min 100% 
B, 60 min 100% B 

Separation of 
peaks was not 
found to be 
proper 
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S.No Run 
time 

Flow rate Mobile phase 
system 

Gradient conditions Observation 

4 30 
min 

0.4ml/minMobile Phase A: 
0.05% TFA in 
water 
Mobile Phase B: 
0.05% TFA in 
MeOH:ACN 
(90:10) 

0 min 0% B, 15 min 
25% B, 30 min 44% 
B, 36 min 65% B, 46 
min 65% B, 48 min 
78% B, 52 min 100% 
B, 60 min 100% B 

Merging of 
peaks and no 
proper 
separation 

 

  
Figure 17: Typical chromatogram showing separation of peaks of UNIM-040 
at a) 0.1 ml/min, b) 0.2 ml/min, c) 0.3 ml/min and d) 0.4 ml/min respectively 

7.1.9. Optimized Chromatographic Condition 

Finally, separation was carried out on Acquity UPLC BEH C18 column 
maintained at temperature 40 0C, trifluoroacetic acid as buffer and 
Methanol: Acetonitrile as an organic modifier using the gradient 
programme as given in Table 12a. Mobile phase A as 0.05% trifluoroacetic 
acid in Water and Mobile phase B: 0.05% trifluoroacetic acid in Methanol: 
Acetonitrile (90:10) with the PDA detector, at 254 nm wavelength, flow 
rate was 0.2 ml/min and injection volume 2 μl. The developed method was 
validated in terms of accuracy, precision and linearity as per ICH 
guidelines. 
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Table 12a: Optimized chromatographicconditions 

S. No. Parameter Operating conditions 

1.  Column Waters ACQUITY UPLC™ BEH C18 
2.1 x 100mm, 1.7 µm 

2.  Injection volume 2 µl 

3.  Flow rate 0.2 ml/min 

4.  Mobile Phase A 0.05% TFA in Water 

5.  Mobile Phase B 0.05% TFA in Methanol:Acetonitrile 
(90:10) 

6.  Gradient Programme 0 min 0% B, 15 min 25% B, 30 min 
44% B, 36 min 65% B, 46 min 65% B, 
48 min 78% B, 52 min 100% B, 60 min 
100% B 

7.  Column Temperature 40°C 

8.  Detector Photo diode array (PDA) 

9.  Detection 
Wavelength 

254 nm 

7.1.10. Detection of Reference Standard Compounds 
According to the literature survey, the following compounds were selected 
for screening and identification by UPLC and LCMS techniques. Initially 
standard reference 14 compounds mixture of 1) Glycyrrhizin; 2) Cyanidin-
3,5-di-O-glucoside; 3) 4-O-Caffeoylquinic acid; 4) Palmitic acid ( or n-
hexadecanoic acid); 5) Quercitrin hydrate; 6) luteolin; 7) Resveratrol; 8) 
Apigenin; 9) t-Ferulic acid; 10) Caffeic acid; 11) Quercetin; 12) Rutin; 13) 
Gallic acid 14) Kaempferol, was subjected to UPLC-PDA analysis and 2 
µl was injected into the UPLC system under the chromatographic 
conditions as given in the Table 12b and the corresponding chromatogram 
at 254nm was shown in Figure 18a with 13 compounds shown except 
palmitic acid which is UV inactive. UVspectrum recorded in the range of 
210-400 nm was shown in Figure 18b and the peak list with retention time 
as given in Table 12c. 
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Table 12b: Chromatographic conditions for standard reference 13 
compounds 

S. No. Parameter Operating conditions 

1.  Column Waters ACQUITY UPLC™ BEH C18 (2.1 x 
100mm, 1.7 µm) 

2.  Injection volume 2 µl 

3.  Flow rate 0.2 ml/min 

4.  Mobile Phase A 0.05% TFA in Water 

5.  Mobile Phase B 0.05% TFA in Methanol:Acetonitrile (90:10)

6.  Gradient Programme 0 min 0% B, 15 min 25% B, 30 min 45% B, 
35 min 65% B, 50 min 65% B, 51 min 90% 
B, 60 min 100% B, 65 min 100% B 

7.  Column Temperature 40°C 

8.  Detector Photo diode array (PDA) 

9.  Detection Wavelength 254 nm 

 

  
Figure 18a: Chromatogram of reference standard mixture of 13 compounds 
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Table 12c: Peak list and retention time of reference standard mixture (13 
compounds). 

S. 
No. 

Name Retention 
Time 

Area % 
Area 

Height % 
Height 

1 Gallic acid 4.156 1163304 7.16 63981 4.67 

2 Caffeic acid 13.526 1210721 7.46 99101 7.24 

3 4-0-caffeoylquinic 
acid 

14.259 662868 4.08 60169 4.40 

4 cyanin chloride 14.963 443927 2.73 20657 1.51 

5 t-ferulic acid 19.065 1093548 6.73 95894 7.00 

6 rutin 22.994 1070924 6.60 101170 7.39 

7 resveratrol 23.901 660598 4.07 59700 4.36 

8 Quercetin hydrate 25.734 1943523 11.97 176038 12.86 

9 Quercetin 29.838 2224073 13.70 172933 12.63 

10 Luteolin 31.140 2347289 14.46 180627 13.19 

11 Kaempferol 33.819 1498847 9.23 148132 10.82 

12 Apigenin 34.206 1555971 9.58 160847 11.75 

13 Glycyrrhizin 42.205 362751 2.23 29701 2.17 
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Fig. 18b: UV spectrum of reference standard mixture of 13 compounds 
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Out of 14 reference standard compounds only 13 compounds are UV active 
except palmitic acid. In UPLC analysis only five compounds viz., Gallic 
acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate and 
Glycyrrhizin were identified to be present in the methanolic extract of the 
sample UNIM-040. Hence, further studies on these five compounds were 
carried out as given below. 

Standard reference compound mixture of Gallic acid, Cyanidin-3,5-
di-O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin of 100 
µg/ml was subjected to UPLC-PDA analysis and 2 µl was injected 
into the UPLC system under the above optimized chromatographic 
conditions and UV spectrum recorded in the range of 210-400 nm 
and the corresponding chromatogram at 254nm was shown in 
Figure 18c and the peak list with retention time as given in Table 
13. It is clear from Figure 18c that the compounds were well eluted 
and peak separated with resolution. All the five standards were 
identified by UV and MS data. The UV and Mass spectra are shown 
in Figure 18(d & e).  
 

 

 
Fig. 18c: Chromatogram of standard mixture of Gallic acid (tR4.197 min), 
Cyanidin-3,5-di-O-glucoside (tR14.027 min), Rutin (tR23.227 min), 
Quercitrin hydrate (tR26.061 min) and Glycyrrhizin (tR42.910 min). 
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Table 13: Peak list and retention time of standard mixture 

S. 
No. 

Name Retention 
Time 

Area % Area Height % Height 

1 Gallic acid 4.197 1330829 18.71 121224 12.85 

2 Cyanidin-3,5-di-
O-glucoside 

14.027 354066 4.98 14082 1.49 

3 Rutin 23.227 1903928 26.77 297389 31.53 

4 Quercitrin hydrate 26.061 2969979 41.75 438304 46.47 

5 Glycyrrhizin 42.910 554182 7.79 72106 7.65 

The order of elution was Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin. This was found to be in good 
correlation with their chemical structures depending on their nature of 
polarity. Gallic acid was eluted first, because of the highest polarity; later 
Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin 
were eluted according to the order of their polarities at respective retention 
times. It could be seen from the UV spectra absorption intensities were 
good at 254 nm. Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin have good absorption intensities at 
254nm when compared to all other wavelengths. The absorbance max of 
Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate and 
Glycyrrhizin was found at 271.2nm, 277.9nm, 255.8 and 354.7nm, 255.8 
and 349.7nm, 251.5nm as shown in the Figure 18d. All the compounds 
have absorption at 250-280 nm. Hence 254nm was found to be optimum 
and suitable and was chosen for detection of the compounds by UPLC 
during the study. 

The corresponding ESI-MS spectrum for Gallic acid, Cyanidin-3,5-di-O-
glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin were shown in the 
Figure 18e.Gallic acid ESI-MS spectrum collected in negative mode and 
it appeared as (M-H)- peak at m/z 169.0140 whereas for Cyanidin-3,5-di-
O-glucoside ESI-MS spectrum collected in positive mode and it appeared 
as (M+H)+peak at m/z 612.1640.Rutin ESI-MS spectrum collected in 
positive mode and it appeared as (M+H)+peak at m/z 611.1606, Quercitrin 
hydrate ESI-MS spectrum collected in positive mode and it appeared as 
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(M+H)+peak at m/z 449.1087 and Glycyrrhizin ESI-MS spectrum collected 
in positive mode and appeared as (M+H)+ peak at m/z 823.4134 under the 
LCMS conditions stated above. 

The proposed method was able to separate chemical marker or reference 
compounds as Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin 
hydrate and Glycyrrhizin with each other having good resolution. Further 
quantitative determination of selected reference compounds were also 
carried in 12 different batches of formulation. The developed UPLC 
method was validated with respect to precision, accuracy, linearity, limit 
of detection and quantitation and robustness. 

 

Fig. 18d: UV spectrum of a) Gallic acid, b) Cyanidin-3,5-di-O-glucoside, 
c) Rutin, d) Quercitrin hydrate and e) Glycyrrhizin 

 
 

 

 

 

  

(a) Gallic acid ESI-MS spectrum collected in negative mode & it appeared 
as (M-H)- peak at m/z 169.0140 
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(b) Cyanidin-3,5-di-O-glucoside ESI-MS spectrum collected in positive 
mode & it appeared as (M+H)+ peak at m/z 612.1640 

 

 

(c) Rutin ESI-MS spectrum collected in positive mode & it appeared as 
(M+H)+ peak at m/z 611.1606 

(d) Quercitrin hydrateESI-MS spectrum collected in positive mode & it 
appeared as (M+H)+ peak at m/z 449.1087 
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(e) GlycyrrhizinESI-MS spectrum collected in positive mode & it appeared 
as (M+H)+ peak at m/z 823.4134 

Fig. 18e: The ESI-MS spectra of standards of a) Gallic acid, b) Cyanidin-
3,5-di-O-glucoside, c) Rutin, d) Quercitrin hydrate and e) Glycyrrhizin. 

7.1.11. Identification of marker compounds in UNIM-040 
Under the LCMS conditions mentioned below, Standard reference 14 
compounds mixture of Gallic acid, 4-O-Caffeoylquinic acid, Caffeic acid, 
Ferulic acid, Rutin, Quercitrin hydrate, Quercetin, Resveratrol, Luteolin, 
Apigenin, Kaempferol, Glycyrrhizin, Palmitic acid and Cyanidin-3,5-di-O-
glucoside of 100 µg/ml was subjected to LCMS analysis and detected in 
the positive and negative mode of EIC as shown in Figure 19 (d&e). In the 
sample analysis of UNIM 040 the compounds (10 peaks) detected, 
identified and confirmed through LCMS as Gallic acid, 4-O-
Caffeoylquinic acid, Caffeic acid, Ferulic acid, Rutin, Quercitrin hydrate, 
Apigenin, Glycyrrhizin, Palmitic acid, Cyanidin-3,5-di-O-glucoside in the 
methanolic extract of UNIM-040 in positive and negative mode of TIC as 
shown in Figure 19 (f&g). The Gallic acid was identified in the TIC 
negative mode and all other compounds were detected in the TIC positive 
mode. 

LCMS Gradient Conditions  
Injection volume : 5 µl 

Flow   : 0.3 ml/min 

Mobile Phase A : 0.1% Formic Acid+ 5mM Ammonium formate in 
Water 

Mobile Phase B : 0.1% Formic Acid in Acetonitrile 

Glycyrrhizin 

m/z823.4134 
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Gradient Programme  : 1.0 min 5%B, 25 min 55%B, 35 min 95%B,  
    45 min 95%B, 48 min 5%B, 50 min 5%B 

Column Temperature : 35°C 

The formulation UNIM-040 was subjected under the optimized UPLC 
chromatographic conditions as in Table 12a of 0.1mg/ml concentration 
and 2µl was injection volume and out of 14 markers only five markers 
compounds viz., a) Gallic acid, b) Cyanidin-3,5-di-O-glucoside, c) Rutin, 
d) Quercitrin hydrate and e) Glycyrrhizin have been identified through 
UPLC chromatogram in UNIM-040 based upon the ESI-MS data as shown 
in Figure 19a and its zoomed chromatogram of selected peaks as shown in 
Figure 19b and their corresponding UV spectrum were shown in Figure 
19c. The corresponding peak list with retention time was given  
in Table 14. 

 

Figure 19a: UPLC chromatogram under optimized chromatographic 
conditions for UNIM-040 formulation 
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. 

Fig 19b: Zoomed peaks under optimized chromatographic conditions for 
UNIM-040 formulation. 
Table 14: Peak list and retention time of UNIM-040 under optimized 
chromatographic condition 
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Fig 19c: UV spectrum of identified peaks of Gallic acid, Cyanidin-3,5-di-
O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin in UNIM-040 
formulation 

 

 
Fig. 19d: + EIC Overlay Chromatogram of standard mixture of 4-O-
Caffeoylquinic acid, Caffeic acid, Ferulic acid, Rutin, Quercitrin hydrate, 
Quercetin, Resveratrol, Luteolin, Apigenin, Kaempferol, Glycyrrhizin, 
Palmitic acid, Cyanidin-3,5-di-O-glucoside. 
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Fig. 19e: EIC Chromatogram of standard mixture of Gallic acid 

 

 

 

 

 

 

 

Fig. 19f. + TIC Chromatogram of UNIM-040 with identified (9) peaks of 
4-O-Caffeoylquinic acid, Caffeic acid, Ferulic acid, Rutin, Quercitrin 
hydrate, Apigenin, Glycyrrhizin, Palmitic acid, Cyanidin-3,5-di-O-
glucoside. 

 

 
Fig. 19g: TIC Chromatogram of UNIM-040 with identified peaks of 
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The methanol extract of UNIM-040 upon being subjected to UPLC and 
LCMS analysis the reference standard marker compound peaks detected 
for Gallic acid at tR4.197 minutes, UV absorbance max at 271.2 nm and 
the corresponding ESI-MS spectrum collected in negative mode showed 
a peak (M-H)- at m/z 169.0140 as shown in Figure 20a whereas in 
UNIM-040 the Gallic acid peak found at tR4.194 minutes the 
corresponding ESI-MS spectrum collected in negative mode showed a 
peak (M-H)- at m/z 169.0145 as shown in Figure 20b. The data 
represents identical thus confirming the presence of Gallic acid in the 
extract of UNIM-040. 

Similarly, the mass spectrum obtained through LCMS analysis, the 
reference standard marker compound peaks detected for Cyanidin-3,5-
di-O-glucoside at tR14.027 minutes, UV absorbance max at 277.9 nm 
the corresponding ESI-MS spectrum collected in positive mode 
showed a peak (M+H)+ peak at m/z 612.1640 as shown in Figure 21a 
whereas in UNIM-040 the Cyanidin-3,5-di-O-glucoside peak found at 
tR13.824 min the corresponding ESI-MS spectrum collected in positive 
mode showed a peak (M+H)+ peak at m/z 612.1641 as shown in Figure 
21b. The data represents identical thus confirming the presence of 
Cyanidin-3,5-di-O-glucoside in the extract of UNIM-040. 

Similarly, the mass spectrum obtained through LCMS analysis, the 
reference standard marker compound peaks detected for Rutin at tR23.227 
minutes, UV absorbance max at 255.8 and 354.7nm the corresponding ESI-
MS spectrum collected in positive mode showed a peak (M+H)+ peak at 
m/z 611.1606 as shown in Figure 22a whereas in UNIM-040 the Rutin 
peak found at tR23.203 min the corresponding ESI-MS spectrum collected 
in positive mode showed a peak (M+H)+ peak at m/z 611.1607 as shown 
in Figure 22b. The data represents identical thus confirming the presence 
of Rutin in the extract of UNIM-040. 

Similarly, the mass spectrum obtained through LCMS analysis, the 
reference standard marker compound peaks detected for Quercitrin 
hydrate at tR26.061 minutes, UV absorbance max at 255.8 and 349.7nm 
the corresponding ESI-MS spectrum collected in positive mode showed 
a peak (M+H)+ peak at m/z 449.1087 as shown in Figure 23a whereas 
in UNIM-040 the Quercitrin hydrate peak found at tR26.032 min the 
corresponding ESI-MS spectrum collected in positive mode showed a 
peak (M+H)+ peak at m/z 449.1077 as shown in Figure 23b. The data 
represents identical thus confirming the presence of Quercitrin hydrate 
in the extract of UNIM-040. 
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Similarly, the mass spectrum obtained through LCMS analysis, the 
reference standard marker compound peaks detected for Glycyrrhizin at 
tR42.910 minutes, UV absorbance max at 251.5 nm the corresponding ESI-
MS spectrum collected in positive mode showed peaks as (M+H)+ at m/z 
823.4134 as shown in Figure 24a whereas in UNIM-040 the 
Glycyrrhizinpeak found at tR42.881 minutes the corresponding ESI-MS 
spectrum collected in positive mode showed peaks as (M+H)+ at m/z 
823.4115 in UNIM-040as shown in Figure 24b. The data represents 
identical thus confirming the presence of Glycyrrhizin in the extract of 
UNIM-040. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 20: ESI-MS spectrum of Gallic acid collected in negative mode and 
appeared as a) (M-H)- peak at m/z 169.0140 of Standard b) (M-H)- peak at m/z 
169.0145 in UNIM-040 
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Figure 21: ESI-MS spectrum of Cyanidin-3,5-di-O-glucoside collected in 
positive mode and appeared as a) (M+H)+ peak at m/z 612.1640 of Standard 
b) (M+H)+ peak at m/z 612.1641 in UNIM-040 

 

 

 

 

 

 

 

 

 

 
Figure 22: ESI-MS spectrum of Rutin collected in positive mode and appeared 
as a) (M+H)+ peak at m/z 611.1606 of Standard b) (M+H)+ peak at m/z 
611.1607 in UNIM-040 
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Figure 23: ESI-MS spectrum of Quercitrin hydratecollected in positive mode 
and appeared as a) (M+H)+ peak at m/z 449.1087of Standard b) (M+H)+ peak 
at m/z 449.1077in UNIM-040 
 

 

 

 

 

 

 

 
Figure 24: ESI-MS spectrum of Glycyrrhizin collected in positive mode and 
appeared as a) (M+H)+ peak at m/z 823.4134 of Standard b) (M+H)+ peak at 
m/z 823.4115 in UNIM-040. 
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7.1.12. Analysis of ingredients 
1.Asl-us-Soos, 2.Anjeer Zard, 3.Badiyan Desi, 4.Beikh-e-Badiyan, 
5.Parsiyaoshan, 6.Tukhm-e-Khatmi, 7.Tukhm-e-Khobbazi, 8.Gul-e-Surkh, 
9.Maweez Munaqqa, 10.Beikh-e-Karafs 

Under the optimized chromatographic conditions the ingredients of UNIM-
040 formulation i.e., 1.Asl-us-Soos, 2.Anjeer Zard, 3.Badiyan Desi, 
4.Beikh-e-Badiyan, 5.Parsiyaoshan, 6.Tukhm-e-Khatmi, 7.Tukhm-e-
Khobbazi, 8.Gul-e-Surkh, 9.Maweez Munaqqa, 10.Beikh-e-Karafs of 0.1 
mg/ml conc. were subjected to UPLC analysis.  

S. No. Parameter Operating conditions 

1. Column Waters ACQUITY UPLC™ BEH C18 2.1 x 
100mm, 1.7 µm 

2. Injection volume 2 µl 

3. Flow rate 0.2 ml/min 

4. Mobile Phase A 0.05% TFA in Water 

5. Mobile Phase B 0.05% TFA in Methanol:Acetonitrile 
(90:10) 

6. Gradient 
Programme 

0 min 0% B, 15 min 25% B, 30 min 44% B, 
36 min 65% B, 46 min 65% B, 48 min 78% 
B, 52 min 100% B, 60 min 100% B 

7. Column 
Temperature 

40°C 

8. Detector Photo diode array (PDA) 

9. Detection 
Wavelength 

254 nm 
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The corresponding typical chromatogram under the optimized condition of 
UPLC and LCMS were obtained for 1.Asl-us-Soos, 2.Anjeer Zard, 
3.Badiyan Desi, 4.Beikh-e-Badiyan, 5.Parsiyaoshan, 6.Tukhm-e-Khatmi, 
7.Tukhm-e-Khobbazi, 8.Gul-e-Surkh, 9.Maweez Munaqqa, 10.Beikh-e-
Karafs were as shown in Figure 25-34 in comparison to standard, 
ingredient and formulations. 

Ingredient upon LCMS analysis showed, the presence of Glycyrrhizin from 
Asl-us-soos, Cyanidin-3,5-di-O-glucoside from Anjeer Zard, 4-O-
Caffeoylquinic acid from Badiyan, Beikh-e-Badiyan, Tukhm-e-Khatmi; 
Palmitic acid in Parsiyaoshan, Rutin from Tukm-e-Khobbazi, Quercitrin 
hydrate from Maweez Munaqqa, Gallic acid from Gul-e-Surkh. Marker 
compounds were found from nine ingredients except Beikh-e-Karafs. 

Analysis of ingredient: Asl-us-Soos 
 

 

 

 

 

 

 

Figure 25: Typical EIC chromatogram of Asl-us-soos under optimized 
chromatographic conditions of UPLC and LCMS 
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Analysis of Ingredient: Anjeer Zard 
 

 

 

 

 

 

 

 

Figure 26: Typical EIC chromatogram of Anjeer Zard under optimized 
chromatographic conditions of UPLC and LCMS 

Analysis of Ingredient: Badiyan 
 

 

 

 

 

 

 

 

 
Figure 27: Typical chromatogram of Badiyan under optimized 
chromatographic conditions of UPLC and LCMS 
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Analysis of Ingredient: Beikh-e-Badiyan 

 

 

 

 

 

Figure 28: Typical EIC chromatogram of Beikh-e-Badiyan under optimized 
chromatographic conditions of UPLC and LCMS 

Analysis of ingredient: Parsiyaoshan 

 

 

 
 
 
 
 
 
 
 

Figure 29: Typical EIC chromatogram of Parsiyaoshan under optimized 
chromatographic conditions of UPLC and LCMS 
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Analysis of ingredient: Tukhm-e-Khatmi 

 

 

Figure 30: Typical EIC chromatogram of Tukhm-e-Khatmi under optimized 
chromatographic conditions of UPLC and LCMS 

Analysis of Ingredient: Tukhm-e-Khobbazi 

 

 

Figure 31: Typical EIC chromatogram of Tukhm-e-khobbazi under 
optimized chromatographic conditions of UPLC and LCMS 
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Analysis of Ingredient: Gul-e-Surkh 

 

 

 

 

 
Figure 32: Typical EIC chromatogram of Gul-e-Surkh under optimized 
chromatographic conditions of UPLC and LCMS 

Analysis of ingredient: Maweez Munaqqa 

 

 

 
 
 
 
 
 
 
 
 

Figure 33: Typical EIC chromatogram of Maweez Munaqqa under 
optimized chromatographic conditions of UPLC and LCMS 
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Analysis of Ingredient: Beikh-e-Karafs 

 

 

 

Figure 34: Typical EIC chromatogram of Beikh-e-karafs under optimized 
chromatographic conditions of UPLC and LCMS 

 

7.2. Validation 
The assay of UNIM-040 with respect to five identified markers compound 
viz. Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate 
and Glycyrrhizin were calculated from their respective peak areas.  

System suitability 
To ensure adequate performance of the chromatographic system, we 
evaluated the retention time (tR), Resolution (RS), number of theoretical 
plates (N), and tailing factor (T) using standard solution. As shown below, 
all parameters were within acceptable limits. 

System suitability parameters 

S.No Name of the 
compound 

Retention 
timetR 

Resolution 
Rs 

Tailing factor 
T 

Theoretical plate 
count N 

1 Gallic acid 4.197 16.84 0.62 8323.17 

2 Cyanidin-3,5-di-
O-glucoside 

14.027 22.30 1.00 6389.02 
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S.No Name of the 
compound 

Retention 
timetR 

Resolution 
Rs 

Tailing factor 
T 

Theoretical plate 
count N 

3 Rutin 23.227 21.26 1.20 321221.80 

4 Quercitrin 
hydrate 

26.061 16.87 1.19 349389.13 

5 Glycyrrhizin 42.910 90.67 1.10 735611.89 

7.2.1. Accuracy  
The recoveries of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin were assessed each by spiking with 
known amount in the concentration of UNIM -040 at a specified level and 
further analyzed by UPLC. All estimations were repeated thrice (n=3) and 
the relative standard deviations (R.S.D) were calculated. The recovery 
range and %RSD for Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin were found to be 100.2-100.7%, 97.2-
100.0%, 98.5-99.5%, 88.3-89.9% and 89.2-99.5% respectively as given in 
Table 15. Similarly, the accuracy in determination of the assay of UNIM -
040 was checked at six concentration levels i.e. 10, 20, 30, 40, 50 g/ml 
each in triplicate for 3 days and the percentage recoveries are recorded in 
Table 16.  
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Table 15: Recovery data 

Name Found 
g/ml 

Known 
Amount added 

g/ml 

Total amount 
recovered 

g/ml 

Recovery % Recovery 
(Mean 

±  %RSD) 
(n=3) 

I II III I II III I II III 

Gallic acid 

 

20 16 16 16 36.1 36.2 35.9 100.3 100.6 99.7 100.2 ±0.42 

20 20 20 40.1 40.1 40.5 100.3 100.3 101.3 100.6 ±0.57 

24 24 24 44.0 44.9 44.9 100.0 101.0 101.0 100.7 ±0.57 

Cyanidin-3,5-di-O-glucoside 4 7 7 7 11.0 10.8 10.6 100.0 98.2 96.4 98.2 ±1.85 

8 8 8 11.9 12.2 11.9 99.2 101.7 99.2 100.0 ±1.44 

9 9 9 12.5 12.5 12.9 96.2 96.2 99.2 97.2 ±1.83 

Rutin 9 16 16 16 24.8 24.9 24.9 99.2 99.6 99.6 99.5 ±0.23 

20 20 20 28.7 28.6 28.4 99.0 98.6 97.9 98.5 ±0.53 
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Name Found 
g/ml 

Known 
Amount added 

g/ml 

Total amount 
recovered 

g/ml 

Recovery % Recovery 
(Mean 

±  %RSD) 
(n=3) 

I II III I II III I II III 

24 24 24 32.5 32.6 32.5 98.5 98.8 98.5 98.6 ±0.18 

Quercitrin hydrate 

 
3 16 16 16 16.9 16.8 16.9 88.9 88.4 88.9 88.8 ±0.34 

20 20 20 20.1 20.4 20.4 87.4 88.7 88.7 88.3 ±0.85 

24 24 24 24.2 24.3 24.3 89.6 90.0 90.0 89.9 ±0.24 

Glycyrrhizin 18 15 15 15 29.3 29.3 29.7 88.8 88.8 90.0 89.2 ±0.78 

18 18 18 36.0 36.1 36.3 97.3 97.6 98.1 97.7 ±0.42 

22 22 22 39.8 39.8 39.8 99.5 99.5 99.5 99.5 ±0.00 
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7.2.2. Precision 
The precision of the method was analyzed by triplicate (n=3) injections and 
the RSD of retention time (tR) and, peak areas were determined. The 
precision in determination of assay was studied by repeatability, 
Repeatability is the intra-day variation in assay obtained at five different 
concentration levels, and expressed in terms of %R.S.D. calculated for each 
day. The %R.S.D. values were found to be below 1.9, indicating a good 
repeatability (Table 19). The intermediate precision is the inter-day 
variation at the same concentration level determined on successive days. 
The inter-day variations calculated for five concentration levels from the 
above data of 3 days are expressed in terms of %R.S.D. values. At each 
concentration level, the %R.S.D. values were below 1.0%, indicating a 
good intermediate precision (Table 16). 
Table 16: Precision data 

Compounds Conc. 
ૄg/ml 

Intra-day precision 
(n=3) 

Inter-day precision 
(n=3) 

Mean 
area 

SD %RSD Mean 
area 

SD %RSD 

Gallic acid 
 

10 122334 284 0.23 122521 397 0.32
20 276564 1311 0.47 272460 2360 0.87
30 412813 1663 0.40 413944 707 0.17
40 548662 2912 0.53 552396 1860 0.34
50 683063 1716 0.25 688030 4804 0.70

Cyanidin-
3,5-di-O-
glucoside 

 

10 42287 356 0.84 42212 40 0.10
20 93861 221 0.24 93619 12 0.01
30 136423 363 0.27 136546 219 0.16
40 194778 1784 0.92 196352 486 0.25
50 243258 2384 0.98 241678 461 0.19

Rutin 
 

10 194069 485 0.25 193571 768 0.40
20 413754 1684 0.41 409162 3270 0.80
30 605254 4346 0.72 615813 2024 0.33
40 814774 2000 0.25 815441 2613 0.32
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Compounds Conc. 
ૄg/ml 

Intra-day precision 
(n=3) 

Inter-day precision 
(n=3) 

Mean 
area 

SD %RSD Mean 
area 

SD %RSD 

50 101740
8

1809 0.18 1021931 8196 0.80

Quercitrin 
hydrate 

 

10 300900 76 0.03 303769 2479 0.82
20 667531 4034 0.60 668348 1853 0.28
30 980574 7484 0.76 997129 416 0.04
40 131332

6
6801 0.52 1313997 6320 0.48

50 164898
0

3951 0.24 1647927 7180 0.44

Glycyrrhizin 10 55408 82 0.15 55128 347 0.63
20 117513 199 0.17 117482 153 0.13
30 171586 337 0.20 171786 179 0.10
40 229754 591 0.26 229845 386 0.17
50 290202 1947 0.67 290881 514 0.18

7.2.3. Linearity 
Linearity was studied by preparing standard solutions at five different 
levels ranging from 10 to 50 g/ml. The linearity of peak area versus 
concentration was plotted for Gallic acid, Cyanidin-3,5-di-O-glucoside, 
Rutin, Quercitrin hydrate and Glycyrrhizin. Three independent 
determinations were carried out at each concentration level. The data were 
subjected to statistical analysis using a linear-regression least- squares 
method. The calibration curves were found to be linear showing good 
linearity between the mass and integral responses for each of the 
compounds examined as shown in Figure 35. The linearity equation, range 
and correlation coefficients for Gallic acid, Cyanidin-3,5-di-O-glucoside, 
Rutin, Quercitrin hydrate and Glycyrrhizin were tabulated in Table 17. The 
results have indicated good linearity. 

7.2.4. Limits of Detection and Quantitation  
Limit of Detection (LOD) and Limit of Quantitation (LOQ) represent the 
concentration of the analyte that would yield signal-to-noise ratios of 3 for 
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LOD and 10 for LOQ respectively. LOD and LOQ were determined by 
measuring the magnitude of analytical background by injecting blank 
samples and calculating the signal-to-noise ratio for each compound by 
injecting a series of solutions until the S/N ratio 3 for LOD and 10 for LOQ. 
The LOD for Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin 
hydrate and Glycyrrhizin was 0.79, 2.10, 0.25, 0.17, 1.38 μg/ml 
respectively and LOQ for Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin was 2.61, 6.93, 0.84, 0.57, 4.56 μg/ml 
respectively as shown in Table 17. 

 
Table 17: Linearity and limits of detection and quantitation   

S.No. Compound Linear 
Range 

(μg/ml) 

Regression 
Equation 

R2 LOD 

(μg/ml) 

LOQ 

(μg/ml) 

1 Gallic acid 10-50 y = 13935x - 
9379 

0.999 0.79 2.61 

2 Cyanidin-3,5-
di-O-glucoside 

10-50 y = 50286x - 
8736 

0.998 2.10 6.93 

3 Rutin 10-50 y = 20477x - 
5257 

0.999 0.25 0.84 

4 Quercitrin 
hydrate 

10-50 y = 33419x - 
20324 

0.999 0.17 0.57 

5 Glycyrrhizin 10-50 y = 58183x - 
1656 

0.999 1.38 4.56 

LOD: Limit of Detection; LOQ: Limit of Quantitation  
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Figure 35: Linearity curve for Gallic acid, Cyanidin-3,5-di-O-glucoside, 
Rutin, Quercitrin hydrate and Glycyrrhizin 

7.2.5. Robustness 
The optimized conditions have been altered to evaluate the robustness. The 
small changes include the mobile phase ratio, buffer strength, flow rate and 
temperature. The separation of peak did not show a significant change 
when the critical parameters were slightly altered. This indicates the 
methods were robust for determination of process impurities in drugs and 
reaction mixtures. The details are tabulated in the Table 18. 
Table 18: Robustness data  
Robustness data 

Mobile Phase (0.05% TFA in Water: 0.05% TFA in MeOH:ACN 
(90:10) (v/v) under gradient 

Parameter Condition Gallic 
acid 
tR (min) 

Cyanidin-
3,5-di-O-
glucoside  
tR (min) 

Rutin 
tR 
(min) 

Quercitrin 
hydrate 
tR (min) 

Glycyrrhizin
tR (min) 

Buffer 
strength  

0.05% FA 
(pH 2.19) 

4.205 13.842 23.233 26.076 42.990 

y = 58183x - 1656
R² = 0.9996
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Robustness data 

0.1% FA 
(pH 1.93) 

4.204 13.844 23.219 26.067 42.945 

0.2% FA 
(pH 1.69) 

3.906 13.404 22.778 25.619 42.784 

Flow rate 
(ml/min) 

0.1 2.375 14.782 28.976 32.266 44.746 
0.2 4.016 13.632 22.909 25.959 42.706 
0.3 2.765 11.953 20.673 23.692 40.422 
0.4 2.138 7.011 12.412 14.055 22.496 

Temperature 
(oC) 

28 4.935 14.670 26.060 30.609 45.125 
35 4.507 13.990 24.229 27.102 43.911 

40 4.180 13.889 23.276 26.120 43.038 

50 3.596 12.731 21.520 24.272 41.628 

7.2.6. Repeatability 
Five formulations were injected under the optimized chromatographic 
conditions and the results found to be the same. The repeatability data was 
given in the Table 19. 
Table 19: Repeatability data  

Compound 1 2 3 4 5 Mean SD %RS
D 

Gallic acid 134199
4 

1352814 134762
5 

135462
9 

135491
0 

675197
2 

5532.0260.08 

Cyanidin-
3,5-di-O-
glucoside 

171296 172577 175926 176411 178812 875022 3040.1560.35 

Rutin 996975 986662 989065 988912 995135 495674
9 

4447.1690.09 

Quercitrin 
hydrate 

415750 412748 427752 434158 441000 213140
8 

11988.580.56 

Glycyrrhizin 137866
5 

1364625 136560
6 

136686
2 

137432
4 

685008
2 

6160.8190.09 
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7.2.7. Assay of UNIM-040 Formulation in Twelve Batches for Quality 
Control Analysis  
The assay for the twelve batches of UNIM-040 formulation (F1-F12) was 
subjected to methanolic extraction through ultrasonication method 
separately. The extract was filtered through 0.22μm PTFE syringe filter; 
the solution obtained was used for analysis. Under the optimized 
chromatographic conditions as above the results obtained are as depicted 
in Table 20. The corresponding overlay chromatogram of formulations 
with separation of peaks in 12 batches shown in Figure 36. The 
corresponding peaks Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin in formulation were identified by 
injecting the standard marker compounds and in comparison to the 
corresponding retention times of standards also UV spectra recorded by 
PDA detector. The concentrations of Gallic acid, Cyanidin-3,5-di-O-
glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin in formulation were 
analyzed and found in the range of 0.15 %-0.19%, 0.022%-0.024%, 0.05 
%-0.07%, 0.013%-0.019% and 0.25%-0.31%, respectively. The assay for 
quantification of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin in various batches for UNIM-040 
formulations as given in Table 20 and it can be seen that the measured 
amounts are in agreement with actual values. 

 
 

 

 

 

 

 

 

 

 
 

Figure 36: Typical overlay chromatogram of 12 batches analysis of UNIM-040
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Table 20: Assay of reference compound present in 12 different batches of UNIM-040 (F1-F12). 
Batches Retention time Peak area Amount found (mg/g) 
UNIM-040Gallic 

acid 
Cyanidin-
3,5-di-O-
glucoside 

Rutin Quercitrin 
hydrate 

GlycyrrhizinGallic 
acid 

Cyanidin-
3,5-di-O-
glucoside 

Rutin Quercitrin 
hydrate 

GlycyrrhizinGallic 
acid 

Cyanidin-
3,5-di-O-
glucoside 

Rutin Quercitrin 
hydrate 

Glycyrrhizin

F1 4.081 13.76 23.062 25.885 42.855 143814 15457 79984 31557 96837 0.1898 0.0228 0.0736 0.0193 0.3015 
F2 4.076 13.755 23.055 25.884 42.854 142327 15934 75066 29438 97421 0.1878 0.0235 0.0691 0.0180 0.3033 
F3 4.072 13.763 23.064 25.89 42.856 142313 16186 74861 30905 98102 0.1878 0.0239 0.0689 0.0189 0.3054 
F4 4.073 13.766 23.061 25.882 42.853 142206 15977 74999 30012 99157 0.1877 0.0236 0.0690 0.0184 0.3087 
F5 4.078 13.761 23.062 25.888 42.857 141962 15342 74323 29791 97895 0.1873 0.0226 0.0684 0.0183 0.3048 
F6 4.078 13.762 23.064 25.886 42.853 115607 15339 57707 22972 88840 0.1526 0.0226 0.0531 0.0141 0.2766 
F7 4.077 13.763 23.064 25.888 42.854 142917 16865 74031 30187 98831 0.1886 0.0249 0.0681 0.0185 0.3077 
F8 4.085 13.762 23.073 25.894 42.859 118543 15048 60551 24039 82866 0.1564 0.0222 0.0557 0.0147 0.2580 
F9 4.076 13.758 23.055 25.884 42.854 140742 16286 74978 29272 98242 0.1857 0.0240 0.0690 0.0179 0.3058 
F10 4.078 13.761 23.062 25.888 42.857 145358 15965 74650 29452 97296 0.1918 0.0235 0.0687 0.0180 0.3029 
F11 4.073 13.766 23.061 25.882 42.853 141633 17613 76588 29933 101581 0.1869 0.0260 0.0705 0.0183 0.3162 
F12 4.078 13.762 23.064 25.886 42.853 115038 15051 57707 21933 85977 0.1518 0.0222 0.0531 0.0134 0.2677 

The concentrations of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin in 
formulation were found in the range 0.15 %-0.19%, 0.022%-0.024%, 0.05 %-0.07%, 0.013%-0.019% and 0.25%-
0.31%, respectively. The assay for batch to batch analysis for UNIM-040 formulations as given in the graphical 
representation was shown in Figure 37. 
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Figure 37: Assay of reference compounds in 12 different batches of UNIM-040 
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7.3. UPLC Analysis of Different Solvent Extracts Of Aqueous, 
Hydroalcoholic (50:50) and Methanolic Extracts of UNIM-040 
Aqueous, hydroalcoholic (50:50) and methanol extracts of UNIM-040 was 
subjected to Reversed phase UPLC-PDA on Waters Acquity BEH C18 
column.  

Upon UPLC analysis under the optimized chromatographic conditions of 
about 2µl injection from the stock solution, the typical chromatogram of 
aqueous extract of UNIM-040 was Figure 38a, its corresponding peak list 
and retention time in Table 22. The peaks for the marker compounds of 
Gallic acid, Quercitrin hydrate and Glycyrrhizin were detected at retention 
time4.127 min, 25.955 min and 42.893 min respectively and the UV 
spectrum for the respective peaks are shown in Figure 38b.  

Upon UPLC analysis under the optimized chromatographic conditions the 
typical chromatogram of hydro alcoholic extract of UNIM-040 was 
obtained as shown in Figure 39a, its corresponding peak list and retention 
time in Table 23. The peaks for the marker compounds of Gallic acid, 
Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin 
were detected at retention time 4.098 min, 13.766 min, 23.065 min, 25.893 
min and 42.855 min respectively and the UV spectrum for the respective 
peaks was shown in Figure 39b. 

Upon UPLC analysis under the optimized chromatographic conditions the 
typical chromatogram of methanolic extract of UNIM-040 was obtained as 
shown in Figure 40a, its corresponding peak list and retention time in Table 
24. The peaks for the marker compounds of Gallic acid, Cyanidin-3,5-di-
O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin were detected at 
retention time 4.081 min, 13.760 min, 23.062 min, 25.885 min and 42.855 
min respectively and the UV spectrum for the respective peaks was shown 
in Figure 40b.  

The retention time, peak area and amount of Gallic acid, Cyanidin-3,5-di-
O-glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin present in three 
different extracts in mg/g are shown in Table 21. From this it was 
concluded that the content of Gallic acid, Cyanidin-3,5-di-O-glucoside, 
Rutin, Quercitrin hydrate and Glycyrrhizin is more in methanol extract as 
compared to that of aqueous and hydro alcoholic extract of UNIM-040. 
The assay of Gallic acid, Quercitrin hydrate and Glycyrrhizin in aqueous 
extract of UNIM-040 formulations were found as 0.0131, 0.0004, 0.1202 
mg/g respectively whereas in the hydroalcoholic extract of UNIM-040 
formulations for Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
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Quercitrin hydrate and Glycyrrhizin were found as 0.0803, 0.0276, 0.0341, 
0.0099, 0.2534 mg/g respectively and the methanolic extract of UNIM-040 
formulations for Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin were found as 0.1898, 0.0228, 0.0736, 
0.0193, 0.3015 mg/g respectively. 
Table 21: Amount of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin present in three different solvent extracts. 

Aqueous extract of 
UNIM-040 

Name Retention 
Time 
(in minutes) 

Area Amount  
 (mg/gm) 

Gallic acid 4.127 9940 0.0131 

Quercitrin hydrate 25.955 733 0.0004 

Glycyrrhizin 42.893 38619 0.1202 

Hydro alcoholic 
extract of UNIM-
040 

Gallic acid 4.098 60823 0.0803 

Cyanidin-3,5-di-O-
glucoside 

13.766 18693 0.0276 

Rutin 23.065 37075 0.0341 

Quercitrin hydrate 25.893 16209 0.0099 

Glycyrrhizin 42.855 81394 0.2534 

Methanol extract of 
UNIM-040 

Gallic acid 4.081 143814 0.1898 

Cyanidin-3,5-di-O-
glucoside 

13.760 15457 0.0228 

Rutin 23.062 79984 0.0736 

Quercitrin hydrate 25.885 31557 0.0193 

Glycyrrhizin 42.855 96837 0.3015 
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Aqueous extract of UNIM-040 

 
Figure 38a: Typical chromatogram of aqueous extract of UNIM-040 

 
Fig. 38b: UV spectrum of Gallic acid, Quercitrin hydrate and 

Glycyrrhizin detected in Aqueous extract of UNIM-040 
Table 22: Peak list and retention time of aqueous extract of UNIM-040 

 Name Retention 
Time 

Area % 
Area 

Height % 
Height 

USP 
Tailing 

USP Plate 
Count 

1 Gallic acid 4.127 9940 20.16 2708 33.63 1.57 31906.16 

2 Quercitrin 
hydrate 

25.955 733 1.49 125 1.55 0.94 825282.34

3 Glycyrrhizin 42.893 3861978.35 5219 64.81 0.98 741167.71
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Hydroalcoholic extract of UNIM-040 

 

Figure 39a: Typical chromatogram showing separation of peaks in hydro 
alcoholic extract of UNIM-040 

 

 

Fig. 39b: UV spectrum of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin detected in hydro alcoholic extract of 
UNIM-040 
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Table 23: Peak list and retention time of Hydro alcoholic extract of UNIM-040 

S. 
No. 

Name Retention 
Time 

Area % 
Area 

Height % 
Height

USP 
Tailing 

USP Plate 
Count 

1 Gallic acid 4.098 6082328.40 16781 42.03 1.26 32259.92 

2 Cyanidin-
3,5-di-O-
glucoside 

13.766 18693 8.73 3556 8.91 1.78 177193.89

3 Rutin 23.065 3707517.31 6206 15.54 1.04 335008.19

4 Quercitrin 
hydrate 

25.893 16209 7.57 2649 6.64 1.09 384309.76

5 Glycyrrhizin 42.855 8139438.00 10734 26.88 0.99 721765.80

 

 

Methanolic extract of UNIM-040 drug 

 

Figure 40a: Typical chromatogram showing the separation of peaks in 
methanolic extract ofUNIM-040 formulation 
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Fig. 40b: UV spectrum of Gallic acid, Cyanidin-3,5-di-O-glucoside, 
Rutin, Quercitrin hydrate and Glycyrrhizin peaks in Methanolic 
extractof UNIM-040 

 
Table 24: Peak list and retention time of methanolic extract of UNIM-040 

S. 
No. 

Name Retention 
Time 

Area % 
Area 

Height % 
Height 

USP 
Tailing 

USP Plate 
Count 

1 Gallic acid 4.081 143814 39.12 38990 51.46 1.06 29441.64 

2 Cyanidin-
3,5-di-O-
glucoside 

13.760 15457 4.20 3499 4.62 1.26 213915.13 

3 Rutin 23.062 79984 21.76 14035 18.53 1.02 354036.38 

4 Quercitrin 
hydrate 

25.885 31557 8.58 5877 7.76 1.03 491947.75 

5 Glycyrrhizi
n 

42.855 96837 26.34 13360 17.63 1.02 759619.22 
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8. CONCLUSION  

The study describes the development of UPLC fingerprinting profile for 
the Unani coded formulation UNIM-040 for the first time. The study also 
describes UPLC method development and validation for the simultaneous 
determination of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin by a Reversed-phase Ultra-
performance liquid chromatography coupled with a diode array detector 
was successfully developed for methanolic extract of UNIM-040 and 
marker compounds were detected and identified by UV spectrum and ESI-
MS Mass data. 

Out of standard reference 14 compounds mixture of Gallic acid, 4-O-
Caffeoylquinic acid, Caffeic acid, Ferulic acid, Rutin, Quercitrin hydrate, 
Quercetin, Resveratrol, Luteolin, Apigenin, Kaempferol, Glycyrrhizin, 
Palmitic acid and Cyanidin-3,5-di-O-glucoside, were subjected to LCMS 
analysis and detected in the positive and negative mode only. 10 peaks were 
identified and confirmed as Gallic acid, 4-O-Caffeoylquinic acid, Caffeic 
acid, Ferulic acid, Rutin, Quercitrin hydrate, Apigenin, Glycyrrhizin, 
Palmitic acid, Cyanidin-3,5-di-O-glucoside in the methanolic extract of 
UNIM-040 through LCMS data. Further the method represents that the 
ingredients upon LCMS analysis showed, the presence of Glycyrrhizin 
from Asl-us-soos, Cyanidin-3,5-di-O-glucoside from Anjeer Zard, 4-O-
Caffeoylquinic acid from Badiyan, Beikh-e-Badiyan, Tukhm-e-khatmi; 
Palmitic acid in Parsiyaoshan, Rutin from Tukm-e-Khobbazi, Quercitrin 
hydrate from Maweez munaqqa, Gallic acid from Gul-e-Surkh. Except 
Beikh-e-Karafs, marker compounds were found in rest of the nine 
ingredients. 

When the UPLC analysis was carried out under the optimized conditions, 
the chromatogram of UNIM-040 in comparison to marker compounds, it 
was observed that out of 14 markers only five markers compounds of Gallic 
acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin hydrate and 
Glycyrrhizin represented the data as found to be identical confirming their 
presence in the formulation UNIM -040. The present UPLC method was 
validated and found to be accurate, precise, reproducible and capable of 
separating all the compounds present in the UNIM-040 along with 
identified compounds viz. Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, 
Quercitrin hydrate and Glycyrrhizin. 

The proposed method was successfully applied to quantitative estimation 
of the five active compounds viz., Gallic acid, Cyanidin-3,5-di-O-
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glucoside, Rutin, Quercitrin hydrate and Glycyrrhizin in twelve different 
batches of UNIM-040. The Quality control analysis of the formulation 
UNIM-040 and its ingredient was also carried out along with 
phytochemical screening showing the nature of constituent’s present in 
them. Thus, this method could be used for batch to batch quality control 
analysis development as well as quality assurance of UNIM- 040.  

The different solvent extracts viz. Aqueous, hydroalcoholic (50:50) and 
methanolic extracts of UNIM-040 were analyzed and it was found that the 
amount of Gallic acid, Cyanidin-3,5-di-O-glucoside, Rutin, Quercitrin 
hydrate and Glycyrrhizin is more in methanol extract as compared to that 
of aqueous and hydro alcoholic extract of UNIM- 040.  

Thus, fulfilling all the objectives for the developing the fingerprint profile 
for the Unani compound formulation UNIM-040 (Munzij) drug. The UPLC 
fingerprinting method developed is simple, precise, and can be utilized as 
a quality control approach to simultaneously determinine the five marker 
compounds in UNIM-040. 
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