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ABSTRACT: The increasing burdens of the world with inflammatory diseases and chronic pains have
enhanced the need to have safer, multi-targeted and more effective therapeutic approaches. Polyherbal
preparations with their deep-rooted involvement in the traditional systems of medicine are beginning
to be viewed as innovative solutions because of their synergetic interactions and holistic action
mechanisms. In comparison to the traditional pharmacotherapies, like non-steroidal anti-inflammatory
drugs and opioids, which have many side effects, tolerance, and long-term toxicity, polyherbal
combinations present a better effect with higher quality and fewer adverse effects and patient
adherence. This review is concerned with giving a comprehensive focus on the standardization,
phytochemical profiling, and pharmacological validation of polyherbal formulations that have been
designed towards the use of anti-inflammatory and analgesic purposes. Phytochemical studies are
detailed describing a wide range of bioactive secondary metabolites; flavonoids, alkaloids, phenolic
compounds, terpenoids, saponins, among others, that all play a role in their therapeutic efficacy. The
quality assessment, fingerprinting, and reproducibility of these complex herbal matrices have been
transformed by the use of advanced analytical tools namely HPTLC, HPLC and GC-MS.
Pharmacological analyses using in vitro and in vivo models indicate high modulation of inflammatory
pathways, blockage of pro-inflammatory products, control of cytokines, and inhibition of oxidative
stress pathways. Moreover, such formulations possess the ability to act on a variety of signaling
pathways in isolation or in combinations, increasing the therapeutic outcome. Nevertheless, such
issues as absence of global standardization procedures, variability of phytochemicals, and the absence
of clinical approval are still considerable. The way forward focuses on merging the technology of
omics with systems biology and on sound clinical trials to support scientific validity, and provide the
conversion of the polyherbal preparations into conventionalized, evidence-based medicine to the
contemporary healthcare framework.

Keywords: Polyherbal formulation, Standardization, Phytochemical profiling, Anti-inflammatory,
Analgesic, Herbal medicine

I. INTRODUCTION

Traditional treatment agents, especially non-steroidal anti-
inflammatory drugs (NSAIDS) and opioids, are actively used

Inflammation and pains are critical biological reactions that
prevent tissue damages, infection, and noxious stimuli, and act
as protective responses. Acute inflammation is a localized and
very rapid reaction, which is marked by redness, swelling, heat
and pain and which is used to get rid of the primary cause of
cell damage and to begin the process of repairing the tissues
[1]. On the contrary, chronic inflammation is an unbalanced
and long-term process that is also associated with the
emergence of other pathological disorders, such as rheumatoid
arthritis, cardiovascular diseases, neurodegenerative disorders,
and autoimmune syndromes. Pain, which frequently
accompanies inflammation, may be categorized as acute or
chronic, and it may have a serious effect on the physical
functioning, emotional state, and the general quality of life.
Although significant progress has been made regarding
pharmacotherapy, the treatment of inflammation and pain is
complicated and ineffective in long-term clinical conditions

[2].

in treating inflammatory disorders and pain syndromes.
Although these drugs have a symptomatic effect, long-term
risk or excessive medication has serious adverse effects that
include gastrointestinal  ulceration, renal impairment,
cardiovascular risks, tolerance, dependence as well as
addiction potential [3]. These restrictions underscore the
importance of seeking safer, more effective and sustainable
therapeutic options that will help in dealing with the efficacy
and safety issues. Here, herbal medicine has come back to the
limelight as a useful source of therapeutic agents, and
polyherbal preparations are receiving growing scientific and
clinical interest [4]. Polyherbal preparations, which form the
foundation of traditional medicine systems like Ayurveda, are
the balanced blending of several medicinal plant preparations
to realize great therapeutic effect due to synergistic
arrangements. This synergism lets simultaneous modulation of
several biological pathways leading to better pharmacological
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responses and lower toxicity levels than those of individual
compounds [5].

These formulations are phytochemically abundant in various
bioactive compounds such as flavonoids, alkaloids, phenolic
compounds, terpenoids, and glycosides which combine to
make the formulations have anti-inflammatory and analgesic
effects. The problem, however, is that the nature and
variability of polyherbal systems are extremely difficult in
terms of quality control, reproducibility, and acceptance by
regulatory bodies [6]. The differences in the sources of plants,
the conditions of harvesting, the modes of extracting the
products, and the procedures of the formulation may result in
differences in the therapeutic effects. Hence, polyherbal
formulations need to be subjected to systematic
standardization and full pharmacological validation in order to
guarantee the safety, effectiveness and operation of these
preparations [7]. In this connection, new methods of analysis
and experimental designs are especially important in making a
scientific credibility. The current review seeks to critically
examine the current developments in standardization,
phytochemical profiling, and pharmacological validation of
poly herbal preparations against anti-inflammatory and
analgesic purposes as well as discussing current problems and
future research directions [8].

2. Literature Search Methodology

The literature search was carried out in a systematic and
comprehensive manner in order to gather the scientific facts
on  standardization,  phytochemical  profiling  and
pharmacological validation of polyherbal formulations with
anti-inflammatory and analgesic properties. Several electronic
databases such as PubMed, Scopus, ScienceDirect, and
Google Scholar, were thoroughly searched to be able to cover
a wide range of peer-reviewed research articles, reviews, and
experimental studies [9]. The search strategy was aimed at
capturing both the old and the new developments in the field.

Search was narrowed down to appropriate keywords and
combinations which consisted of: polyherbal formulations,
anti-inflammatory,  analgesic,  phytochemical profiling,
standardization and herbal medicine. The relevance and
specificity of the retrieved literature was used by employing
the use of the Boolean operators like AND and OR.
Furthermore, reference lists of articles of particular interest
were cursory screened to find additional relevant studies,
which could not be detected in the initial search [10].

The inclusion criteria were specified in such a way that
scientifically strong and relevant studies were selected.
Articles that reported in vitro, in vivo, and clinical trials of the
polyherbal formulations with anti-inflammatory and analgesic
properties were accepted. Papers that dealt with phytochemical
analysis, standardization methods and pharmacological
validation were also taken into consideration. Articles
published in the English language and having full-texts were
considered to keep consistency and clarity in the interpretation
of data [11].
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The exclusion criteria were that the studies had to be
experimentally validated, their methodology had to be fully
described or the study was to be on a single herbal extract and
not on a polyherbal system. Other exclusion criteria were also
abstracts containing no full texts and duplications of studies.
The chosen articles were critically evaluated and the
appropriate data were obtained and systematically tabulated. It
focused on the study design, the type of formulation,
phytochemical constituents, analytical procedures,
pharmacological models and important outcomes. Information
was synthesized to come up with a consistent and evidence-
based review of the topic [12].

3. Concept of Polyherbal Formulations

Polyherbal preparations are a central principle of the
traditional medicine systems, especially Ayurveda, in which
the so-called synergism is underlined. Synergism is used to
describe the effect of several medicinal plants, where the effect
of the combination of the plants is higher than that of the
individual effect [13]. Polyherbal formulations unlike single-
compound therapies are aimed at the multisimultaneous
targeting of several pathways and thus providing a holistic
approach to disease management. This combination approach
not only increases the treatment efficacy but also assists in
decreasing unwanted side effects of single drug high doses.

Multi-target action is one of the greatest benefits of
polyherbals. There are various biochemical pathways that are
involved in inflammatory and pain-related disorders, these
include release of cytokines, production of prostaglands,
oxidative stress and immune modulation. Polyherbal
preparations have the capacity to work on these various
pathways simultaneously resulting in a better and all-rounder
management of the condition [14]. Moreover, the
complementary and supportive effects are also possible since
these preparations contain different bioactive constituents. A
second important advantage is decreased toxicity. Various
plant constituents tend to have a combination effect resulting
in lower individual dosages, which reduces the chances of side
effects and makes the safety profiles better. Moreover, some
elements in the formulation can offset the toxicity of other
ones, which makes the therapeutic system much safer [15].
There is also improved efficacy with polyherbal formulations
as there is pharmacodynamic and pharmacokinetic interaction
between the constituents. The interactions can enhance
bioavailability, stability and absorption of active compounds
that results in better clinical outcomes [16].

Polyherbal preparations often incorporate a number of
medicinal plants due to their strong anti-inflammatory and
pain-relieving effects. Curcumin is highly anti-inflammatory
and antioxidant, and abundant in curcuma longa (turmeric).
Withania somnifera (Ashwagandha) has an immune-
modulatory and adaptogenic effect and Zingiber officinale
(ginger) is broadly acknowledged to have an analgesic and
anti-inflammatory effect. The effective polyherbal therapeutic
systems are based on the rational combination of such plants
(Table 1) [17].
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Table 1: Common Medicinal Plants Used in Polyherbal Anti-inflammatory and Analgesic Formulations [18]

. No. Plant Name Family Major Constituents Pharmacological Role
1 Curcuma longa Zingiberaceae Curcumin Anti-inflammatory, antioxidant
2 Withania somnifera Solanaceae Withanolides Immunomodulatory, anti-inflammatory
3 Zingiber officinale Zingiberaceae Gingerols, shogaols Analgesic, anti-inflammatory
4 Boswellia serrata Burseraceae Boswellic acids Anti-inflammatory
5 Tinospora cordifolia Menispermaceae Tinosporaside, alkaloids Immunomodulatory, anti-inflammatory
6 Azadirachta indica Meliaceae Nimbin, azadirachtin Anti-inflammatory, antimicrobial
7 Ocimum sanctum Lamiaceae Eugenol, ursolic acid Anti-inflammatory, antioxidant
8 Glycyrrhiza glabra Fabaceae Glycyrrhizin Anti-inflammatory, soothing effect
9 Piper nigrum Piperaceae Piperine Bioavailability enhancer, analgesic
10 Allium sativum Amaryllidaceae Allicin Anti-inflammatory, antioxidant
11 Aloe vera Asphodelaceae Aloin, polysaccharides Anti-inflammatory, wound healing
12 Centella asiatica Apiaceae Asiaticoside Anti-inflammatory, tissue repair

4. Phytochemical Profiling of Polyherbal Formulations

A phytochemical profiling will be an important step in
determining pharmacological potential of polyherbal
preparations. They are complex mixtures of bioactive
secondary metabolites of various plant sources and all these
are contributions to their pharmacological effects. Extensive
phytochemical assessment is useful in determining the active
constituents as well as in the regulation, standardization, and
reproducibility of herbal preparations. Plant variability in
origin, extraction and formulation processes require systematic
profiling to be guaranteed in terms of uniformity and
effectiveness [19].

4.1 Preliminary Phytochemical Screening

The initial phytochemical screening is a qualitative analysis to
identify the existence of the major classes of secondary
metabolites like alkaloids, flavonoids, tannins, saponins,
terpenoids and glycosides in polyherbal formulations. It is
these compounds that mainly have biological activity that is
attributed to the herbal medicines [20].

Basic qualitative testing is commonly used as a screening tool.
As an example, alkaloids are determined by the reagents of
Dragendorff and Mayer, flavonoid by the Shinoda test, tannin
by the ferric chloride test, and saponin by the foam test. Such
simple, quick, cheap techniques give a preliminary idea about
the phytochemical structure and aids in the choice of
appropriate extracts to continue with more detailed research.
These tests are preliminary, but they provide grounds on which
higher analytical studies are conducted [21].

4.2 Major Bioactive Constituents

Polyherbal formulations are highly endowed with a wide range
of bioactive compounds, which assume synergistic
pharmacological effects. Flavonoid is one of the most
significant groups of them because of their strong effect as
anti-inflammatory agents, which is mainly related to the
inhibition of pro-inflammatory enzymes and cytokines.
Another important group of substances is terpenoids, which
have analgesic and anti-inflammatory effects, and usually the
inhibition of pain signaling pathways [22].

Phenolic compounds also play a significant role in the
antioxidant effect of polyherbal preparations in the form of
scavenging of free radicals and alleviating oxidative stress,
which is a major cause of inflammation and tissue injury.
Moreover, alkaloids, as well as saponins, can be also used as
supportive agents because they can improve bioavailability of
active constituents and immune responses. Polyherbal
formulations are able to activate on several biological targets
at the same time due to the combined presence of these
compounds [23].

4.3 Analytical Techniques

Proper identification, quantification, and standardization of
phytoconstituents contained in polyherbal preparations are
impossible without advanced methods of analysis. HPTLC is a
modern profiling technique employed to analyse and compare
herbal extracts and also in profiling fingerprints. It gives a
visualization of the various compounds and it comes in handy
especially with the routine quality control [24].

Table 2: Phytochemical Constituents Identified in Polyherbal Formulations [27]

S. No. Formulation Type Plant Components Extraction Solvent Major Phytochemicals Identified Analytical Method
1 Polyherbal mix A Curcuma longa, Zingiber officinale Ethanol Curcumin, gingerols, flavonoids HPTLC
2 Polyherbal mix B Withania somnifera, Tinospora cordifolia Methanol Withanolides, alkaloids, phenolics HPLC
3 Polyherbal mix C Boswellia serrata, Glycyrrhiza glabra Ethanol Boswellic acids, glycyrrhizin GC-MS
4 Polyherbal mix D Ocimum sanctum, Azadirachta indica Aqueous Eugenol, nimbin, flavonoids HPTLC
5 Polyherbal mix E Piper nigrum, Allium sativum Methanol Piperine, allicin GC-MS
6 Polyherbal mix F Aloe vera, Centella asiatica Aqueous Aloin, asiaticoside, saponins HPLC
7 Polyherbal mix G Curcuma longa, Boswellia serrata Ethanol Curcumin, terpenoids LC-MS
8 Polyherbal mix H Withania somnifera, Ocimum sanctum Methanol Withanolides, phenolics HPTLC
9 Polyherbal mix | Tinospora cordifolia, Azadirachta indica Aqueous Alkaloids, limonoids HPLC
10 Polyherbal mix J Zingiber officinale, Piper nigrum Ethanol Gingerols, piperine GC-MS
11 Polyherbal mix K Glycyrrhiza glabra, Allium sativum Methanol Glycyrrhizin, sulfur compounds LC-MS
12 Polyherbal mix L Centella asiatica, Aloe vera Aqueous Asiaticoside, polysaccharides HPTLC

The high-performance liquid chromatography (HPLC)
provides accurate quantification of individual compounds of

the markers and is used to standardize them. The gas
chromatography-mass spectrometry (GC-MS) is very useful in
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determining volatile as well as semi volatile compounds,
particularly essential oils and terpenoids. Also, liquid
chromatography mass spectrometry (LC-MS) offers extremely
sensitive and precise characterization of complicated
phytochemical mixtures, which allows the structural
clarification of the obscure compounds (Table 2) [25].

Combined with other analytical methods, extensive
phytochemical outlining becomes thinkable, which growths
the reliability, safety, and therapeutic stability of polyherbal
products (Fig. 1) [26].

Selection of Medicinal
Plants

Cleaning, Drying and
Powdering
Aqueeus, Ethanol, Methanal

Extraction Process A«

Prliminary Phytohenical Screening
Alloalods, Flavonoids, Tannins, Saponins

Analytical Techniques

HPTLG — HPLC — GC-MS — LC-MS —
Fingerpinrting o] Voltale

identification

Identiication of Phytconstituents
Flavorvinds, Phenolics, Terpenoids

Standardized Polyherbal
Formulation

Figure 1: Schematic Representation of Phytochemical Profiling of
Polyherbal Formulations [28]

5. Standardization of Polyherbal Formulations

The standardization of polyherbal formulations is one of the
key conditions of quality, safety, and therapeutic consistency
of a particular preparation. Because of the unpredictable and
complicated nature of herbal constituents, variations in the
source of plants, the condition of harvesting, the way it is
processed and the storage may have a great impact on the end
product. Thus, clear standardization procedures are necessary
to obtain reproducible pharmacological results and be
accepted by the regulation. Standardization combines the
ancient knowledge with the current analytic methods to make
sure that polyherbal formulations are able to reach the
prescribed quality standards [29].

5.1 Need for Standardization

Standardization is mainly aimed at providing consistency in
batches to batches and this is an important requirement in
order to provide uniform therapeutic effectiveness.
Phytochemical variability may cause changes in the
pharmacological activity, which may influence clinical
reliability. The use of standardization assists in the detection
and management of such variations by set quality parameters
[30].
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The other important factor is to provide safety and
effectiveness. Adequately standardized products reduce
chances of contamination, adulteration and toxic constituents.
It also makes sure that the formulation has the best
concentrations of active compounds that are required to have
any therapeutic effect. Without standardization, clinical
application of polyherbal preparations can cause unforeseen
results and lack of confidence in the patient [31].

5.2 Parameters for Standardization

Polyherbal formulations are standardized by using a set of
organoleptic, physicochemical and microbiological analyses.
The physical characteristics that are evaluated in organoleptic
assessment are color, odor, taste, and texture. These
parameters will give the initial signal of quality and it will
assist in identifying any gross adulteration or degradation [32].

Physicochemical parameters are very important to determine
purity and composition of the formulation. They are moisture
content, ash values (total ash, acid insoluble ash), extractive
values, pH and solubility. These parameters play a significant
role in ensuring that the product is consistent and stable.
Microbial limits testing will be used to make sure that the
formulation does not contain some harmful microorganisms.
Testing of overall bacterial count, fungal count and the
absence of pathogenic microorganisms like Salmonella and
Escherichia coli is essential to guarantee safety particularly in
long term formulations [33].

5.3 Chromatographic Fingerprinting

Standardization of polyherbal formulations Chromatographic
methods is important in offering a characteristic fingerprint
profile of the chemical components in standardization of
polyherbal preparations.

High-performance thin-layer chromatography (HPTLC) is
common in creating fingerprint profiles that are signs of the
existence of two or more phytochemicals in a formulation.
These profiles are used as reference standards of quality
control and also aid in the detection of adulteration or
substitution. The process of marker-based standardization
entails the discovery and the measurement of particular
bioactive compounds, which are the cause of therapeutic
effect. HPLC and LC -MS are the most common methods used
to achieve this objective. Having accepted concentrations of
marker compounds, one can achieve uniformity, potency and
regulatory control of polyherbal preparations [34].

In general, standardization will fill the distance between the
traditional herbal use and the modern pharmaceutical needs
and improve the effectiveness and acceptance of polyherbal
drugs globally [35].

6. Pharmacological Validation

The validation of therapeutic efficacy and scientific
plausibility of polyherbal formulations is always necessary to
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prove their pharmacological status. It includes systematic
testing based on well-known experimental models in order to
affirm anti-inflammatory and analgesic actions [36]. These
investigations present mechanical evidence of the polyherbal
preparations in the modulation of biological pathways that
relate to inflammation and pain. In vitro and in vivo models
are extensively used to determine their pharmacological
potential so as to have the complete picture of their effects.

6.1 Anti-inflammatory Activity

Inflammation is a complex biological response involving
multiple mediators such as prostaglandins, cytokines, nitric
oxide, and reactive oxygen species. Polyherbal formulations
exert anti-inflammatory effects by targeting these mediators
through diverse mechanisms [37].

In vitro models

In vitro research gives some initial data on the anti-
inflammatory activity on the basis of comparing the
polyherbal extracts with particular molecular target. The
cyclooxygenase (COX) inhibition assay is one of the most
widely used assays and it is used to determine the potential of
the formulation to inhibit the COX enzymes that produce
prostaglandin, which is one of the major causes of
inflammation. COX pathways inhibitors suggest the
possibility of decreasing pain and inflammation [38].

The other model is the nitric oxide (NO) inhibition assay that
determines the inhibition of nitric oxide generation in
activated macrophages. Overabundance of nitric oxide is
majorly involved in the mechanism of inflammation and
inhibition of the same is an indication of the anti-inflammatory
effects of the formulation [39].

In vivo models

In vivo models present a more detailed and physiologically
applicable information about the anti-inflammatory activity.
The paw swelling model due to carrageenan is one of the most
popular acute inflammation models, in which lessening of paw
swelling shows a successful anti-inflammatory effect. This
model comes in handy especially when it comes to
determining the inhibition of the prostaglandin-mediated
inflammation [40].
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Cotton pellet granuloma model is used to measure chronic
inflammation and response of proliferative stage. It also
assesses the development of granulomatous tissue, and a
decrease in the weight of granuloma is an indicator of the
capacity of the formulation in suppressing inflammatory
mechanisms of chronic tissue growth [41].

6.2 Analgesic Activity

Analgesic activity of polyherbal formulations is evaluated
using models that assess both central and peripheral
mechanisms of pain modulation.

Central analgesic models

The central analgesic activity is an activity of modulating the
perception of pain at the central nervous system level. Hot
plate test This is most frequently employed to examine the
effect that a thermal stimulus has on the response, where
shortening of reaction time signifies analgesic effect mediated
via central mechanisms. On the same note, tail flick test
determines the time taken to respond to a heat stimulus placed
on the tail. High latency indicates the presence of spinal
reflexes and central pain inhibitory mechanisms, which means
that they have great central analgesic effects [42].

Mechanism of Action of Polyherbal Formulation

Polyherbal

Formulation
Curcuma, Withania, Ginger
Pain Pathway
Modulation
CNS modulation
Pain signal transmistion
Pain Relief
(Analgesic Effect)
Cell Protection &
Tissue Repair

Inhlibition of
Inflameniory
Mediators

Cytohine supression

Cy i
(TNF-a, IL-1p, IL-6) |“%*
COX enzme
Free Radical
‘v Scvanaging
Prosdagnains ‘ ROS scavaving
ye Reduced ROS
(Reactive Oxgen Spocies)
Reduced
Inflamnation

Overall Theraputic Effect
= Anti-inflamantary
= Analgesic
* Healing effect

Figure 2: Mechanism of Anti-inflammatory and Analgesic Action of
Polyherbal Formulations [45]

Table 3: Pharmacological Studies of Polyherbal Formulations [44]

S. No. Experimental Model Type of Study Formulation Used Dose Activity Observed Key Outcome
1 COX inhibition assay In vitro Polyherbal extract A 50-200 pg/mL Anti-inflammatory Significant COX inhibition
2 NO inhibition assay In vitro Polyherbal extract B 25-100 pg/mL Anti-inflammatory Reduced NO production
3 Carrageenan paw edema In vivo Polyherbal extract C 200 mg/kg Anti-inflammatory Reduced paw swelling
4 Cotton pellet granuloma In vivo Polyherbal extract D 300 mg/kg Anti-inflammatory Decreased granuloma weight
5 Hot plate test In vivo Polyherbal extract E 100 mg/kg Central analgesic Increased reaction time
6 Tail flick test In vivo Polyherbal extract F 150 mg/kg Central analgesic Increased latency
7 Acetic acid writhing In vivo Polyherbal extract G 200 mg/kg Peripheral analgesic Reduced writhing response
8 COX-2 selective assay In vitro Polyherbal extract H 50-150 pg/mL Anti-inflammatory Selective COX-2 inhibition
9 Lipoxygenase inhibition In vitro Polyherbal extract | 75-200 pg/mL Anti-inflammatory Reduced leukotriene synthesis
10 Formalin test In vivo Polyherbal extract J 250 mg/kg Analgesic Reduced pain phases
11 Xylene-induced ear edema In vivo Polyherbal extract K 200 mg/kg Anti-inflammatory Reduced ear swelling
12 Randall-Selitto test In vivo Polyherbal extract L 150 mg/kg Analgesic Increased pain threshold
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Peripheral analgesic models

Peripheral analgesic effect has been linked to the suppression
of pain at the injury/inflamed place. Writhing test is a popular
model of peripheral analgesic activity that is generated by
acetic acid. It entails eliciting abdominal constrictions
(writhes) in experimental animals and a decrease in the
number of writhes is evidence of successful inhibition of
peripheral pain mediators like prostaglandins [43].

7. Mechanisms of Action

The polyherbal formulations provide therapeutic efficacy in
terms of inflammation and pain management due to their
capacity to regulate several biochemical and molecular
pathways at the same time. Polyherbal systems, as opposed to
single-compound drugs, have a wide variety of bioactive
constituents, which work in concert to produce greater
pharmacological effects. Their anti-inflammatory and
analgesic effects are related to the mechanisms of blocking
inflammatory mediators, suppressing oxidative stress and
synergistic effects of phytoconstituents (Fig. 2) [46].

Cytokine Inhibition

Cytokines are the key players in the causes and development
of inflammation. The amplification of the inflammatory
reactions is caused by pro-inflammatory cytokines (tumor
necrosis factor-alpha, TNF- O, interleukins, IL -1, IL -6, and so
on). Polyherbal preparations have also been reported to inhibit
the synthesis and release of these cytokines and hence lessen
the inflammation on molecular level. Several phytochemicals,
especially flavonoids and alkaloids, act on signaling pathways
that include NF- 7B and MAPK which are key factors
controlling cytokine expression. This inhibition is useful in the
control of acute and chronic inflammatory diseases [47].

Prostaglandin Inhibition

The synthesis of the prostaglandins is a major mediator of the
inflammation and pain process, which is mainly produced via
the pathway of the cyclooxygenase (COX). Polyherbal
preparations act as anti-inflammatory and analgesic via
inhibiting the COX enzymes, particularly COX- 2, which
inhibits the production of prostaglandins. This action
resembles that of NSAIDs except that the mechanism is
associated with relatively lower side effects because of the
existence of various bioactive compounds, which counteracts
the overall effect. The low levels of prostaglandins result in
the low levels of pain perception, swelling, and inflammation
[48].

Free Radical Scavenging

One of the significant causes of pathogenesis of tissue injuries
and inflammation is oxidative stress. Overproduction of
reactive oxygen species (ROS) may cause cellular damage,
slowdown of tissue repair, and aggravation of the
inflammatory  reactions.  Polyherbal  extracts  highly
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concentrated in phenolic compounds and flavonoids have a
high antioxidant activity that inhibits the formation of free
radical and reinforces endogenous antioxidant systems. The
activity aids in preserving the integrity of the cell, diminishes
the oxidative stress, and enhances faster recovery [49].

Synergistic Interactions

The synergistic mode of action of polyherbal formulations is
one of the most important. Multiple plant constituents can
interact in a complementary and additive fashion with one
constituent potentially improving the activity, stability or
bioavailability of another. As an example, some of the
compounds can enhance the absorption of the active
phytochemicals and some can reduce the possible toxicity.
Using this synergism allows formulating the product that
simultaneously targets various pathways involved in
inflammation and pain and yield better therapeutic efficacy
and fewer adverse effects [50].

8. Safety and Toxicological Evaluation

The safety and toxicological analysis are an important aspect
in the development and clinical acceptance of polyherbal
formulations. The use of herbal medicines might be thought of
as relatively safe since its natural source implies that its use is
safe, but scientific validation is required to confirm this,
particularly in long-term use. Thorough toxicological research
is useful in establishing safe dose levels, establishing possible
side effects, and the therapeutic window of polyherbal
preparations [51].

Acute Toxicity

Acute toxicity research is aimed at determining the short-term
negative consequences of a single dose or numerous
administrations of a drug in a specific duration of time (24
hours). The studies are usually conducted in experimental
animal models with guidelines that are standard like in OECD.
Mortality, behavioral changes, physical evidence of toxicity,
biochemical changes are the parameters that are monitored
carefully. The margin of safety is usually large in polyherbal
preparations, and numerous studies have shown that there was
no significant toxicity at any dosage level of the therapy. The
calculation of the median lethal dose (LDsxy) is useful because
it gives vital data on the safety profile and assists in the choice
of dose to use in subsequent pharmacological research [52].

Chronic Toxicity

Chronic toxicity studies determine the effects of a continued
administration of polyherbal preparations over a period, and
this period is usually weeks to months. These are critical
studies in measures of long-term safety, particularly
formulations that are supposed to be used in chronic
inflammatory and pain diseases. Body weight, food intake,
hematological indices, biochemical markers, organ functions,
as well as histopathology of vital organs are examined as
parameters. A majority of polyherbal preparations have
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minimal or no toxicity in the course of prolonged
administration when used within the recommended dosages.
Nonetheless, the phytochemical variation and lack of proper
standardization can affect safety, and it is necessary to
carefully evaluate them [53].

Herbal Safety vs Synthetic Drugs

Polyherbal preparations have a better safety profile than
synthetic drugs like NSAIDs and opioids. Drugs which are
synthetic though effective are usually linked to side effects,
such as gastro-intestinal irritations, kidney damages,
cardiovascular complications, tolerance, and dependency.
Conversely, polyherbal preparations are less likely to have
side effects since they are well balanced and have synergies
among phytoconstituents [54].

Moreover, some herbal constituents can have protective
properties against toxicity, e.g. antioxidant action leading to
the minimization of oxidative damage. It should be noted
though that natural does not necessarily mean safe. The
problems of contamination, adulteration, herb-drug
interactions and the variation of the raw materials should be
taken seriously by ensuring that there is proper standardization
and quality control [55].

9. Challenges and Limitations

Despite the promising therapeutic potential of polyherbal
formulations in the management of inflammatory and pain-
related disorders, several challenges and limitations hinder
their widespread acceptance and integration into modern
healthcare systems. Addressing these issues is essential to
ensure their scientific credibility, regulatory approval, and
clinical reliability [56].

Lack of Standardization

The lack of clearly defined standardization procedures is one
of the biggest problems that can be related to polyherbal
formulations. With multi-herb combinations, it is hard to
standardize the composition, quality, and potency since they
are complex. The differences in the extraction process, in
formulation procedures, and the lack of verified marker
substances usually result in the discrepancies in the therapy
results. In the absence of appropriate standardization,
reproducibility of results and regulatory approval is a
significant issue [57].

Variability in Plant Sources

Medicinal plants may have a wide difference in phytochemical
composition with regard to geographical, climatic, soil quality,
harvesting time, and post-harvest processing. This
inconsistency has a direct impact on the concentration of
bioactive constituents in polyherbal preparations, which
results in inconsistency in efficacy and safety. Also, challenges
like adulteration, replacement and heavy metal or pesticide
contamination also complicate the quality assurance of herbal

Mourya et al.

products. The challenge of using original and quality raw
materials is therefore one of the crucial ones [58].

Limited Clinical Trials

Despite the fact that many in vitro and in vivo experiments
confirm the anti-inflammatory and analgesic effects of
polyherbal preparations, there are no well-designed clinical
trials to confirm the effectiveness and safety of these
preparations in humans. The majority of the existing research
is preclinical with little information regarding the safety in the
long-term, optimal dosing, and therapeutic responses in
various patients. This lacks strong clinical evidence that would
support their use in evidence-based medicine and restricts the
inclusion of those in the conventional treatment guidelines
[59].

10. Conclusion

Polyherbal formulations represent a promising and holistic
therapeutic approach for the management of inflammatory and
pain-related disorders. Their significance lies in the presence
of diverse bioactive phytoconstituents that act through
multiple mechanisms, including modulation of inflammatory
mediators, inhibition of oxidative stress, and regulation of pain
pathways. The concept of synergism further enhances their
therapeutic efficacy, allowing improved outcomes with
reduced toxicity compared to conventional single-drug
therapies.

This review highlights the critical importance of
standardization, phytochemical profiling, and pharmacological
validation in ensuring the quality, safety, and reproducibility of
polyherbal formulations. Advances in analytical techniques
and experimental models have provided substantial evidence
supporting their anti-inflammatory and analgesic potential.
Moreover, their comparatively favorable safety profile makes
them attractive alternatives to synthetic drugs, which are often
associated with adverse effects during long-term use. Despite
these advantages, the transition of polyherbal formulations
from traditional use to mainstream clinical application requires
rigorous scientific validation. The lack of standardized
protocols and limited clinical evidence remain significant
barriers to their widespread acceptance in evidence-based
medicine.

In conclusion, polyherbal formulations hold strong potential as
effective, safe, and multi-targeted therapeutic agents.
However, well-designed clinical trials, standardized
manufacturing processes, and integration of modern
technologies are essential to fully establish their therapeutic
value and ensure their successful incorporation into modern
healthcare systems.
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