
1.  Introduction
The Ayurvedic Materia Medica is a rich heritage of herbal 
practices with therapeutic uses of over 600 medicinal 
plants1. In Ayurveda, a person’s constitutional type 
needs to be determined prior to the treatment. Drugs are 
recommended depending on the body type of the patient 
and on what disease or disturbance of the doshas they are laid 
low with. Ayurveda maintains that a definite relationship 
exists between illness and an individual's metaphysical 
state2. In Indian traditional medicine, combined plant 
extracts and plant formulations are selected instead of 
individual ones. Herbals are included as one of its most 
potent therapeutic components and are recorded in the 
literature like Vedas and Samhitas. Ayurvedic herbals are 
usually prepared in various dosage forms, the majority 
of which are polyherbal formulations3,4. The herbs are 
usually processed to enhance their absorption as they 
cannot be easily assimilated in their raw state. The form 

in which a herb is consumed can have a significant impact 
on its potency and effect.
	 Ayurvedic pharmacology uses herbal remedies in 
many forms like fresh juice (svarasa), herbal paste (kalka), 
herbal powder (churna), decoction (kwatha), distilled 
waters (arka), hot infusion (phanta), cold infusion (hima), 
herbal jams and jellies (paka, leha, avaleha), medicated 
wines (arishta, asava), tinctures, gugguls (resin extract of 
Commiphora mukul), alkaline extracts (ksara), medicated 
ghee (siddha ghrita), medicated oil (siddha taila),minerals 
(rasasastra)5. Kwatha (decoction) is one amongst the 
major form of the formulations used in Ayurveda to treat 
various ailments and diseases. Generally, one part of 
coarsely ground drug (dry herb) by weight is taken and 
16 parts water by volume is added to it. It is then reduced 
to 4 parts of the original volume of water. Kwatha which 
is used as internal medicine is directed to be reduced to 8 
parts6.
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A paradigm shifts from the conventional approach of a single drug-based system to polyherbal formulations is recently 
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preparations in India. Since the majority of the active principles of plants are water-soluble, herbal decoctions that are 
usually prepared in water formulate the potent and effective Ayurvedic medicines.
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	 Continuous advancement of chromatographic and 
spectroscopic methods has enabled the separation, 
identification and structural determination of biologically 
active compounds7. The inherent variability and 
complex nature of the phytoconstituents along with the 
use of multiple herbal drug combinations, it is difficult 
to establish a proper standardization profile for the 
traditional medicines. The constituents responsible for the 
alleged therapeutic effects are not thoroughly explained 
or unknown. Thus the standardization of herbal drugs 
should encompass the whole process from identification 
of the raw drugs to its clinical studies8. In the current work, 
phytochemical and pharmacological studies, especially 
on Ayurvedic formulation kwatha is reviewed. Biomarker 
standardization along with the synergistic interaction 
between the phytochemical components was also covered 
in accordance.

2.  Phytochemical Standardization
Standardization of the polyherbal formulations is 
crucial in order to ensure the safety, efficacy, and quality 
of traditional medicines used for various ailments. It 
is impossible to do standardization for a polyherbal 
formulation without knowing its bioactive ingredients9. 
The major phytochemical standardization methods, 
such as preliminary phytochemical analysis, fingerprint 
profiling, and marker compound quantification of 
kwathas is covered in depth. It has been found that the 
standardization of only a handful of kwathas was done 
thoroughly during the extensive search in original 
and review articles for the current work. The bioactive 
components of the majority of these kwathas are not yet 
standardized.
	 Standardization of varuna kwatha churna and its 
comparison with the marketed samples of the formulation 
was carried out on the basis of TLC fingerprinting 
along with pharmacognostic standardization10. Stand 
ardization of Pathyashadangam kwatha was done by 
TLC, HPTLC and HPLC methods. TLC fingerprinting of 
Pathyashadangam kwatha along with raw materials and 
standards confirmed the presence of all ingredients in the 
formulation by the similarity in bands and Rf values. The 
mobile phase Toluene: Ethyl Acetate: Formic acid (2.5: 
2.0: 0.5) was suitable for the HPTLC characterization 
of the kwatha. Andrographis kwatha prepared by only 
using A. paniculata, one of the seven ingredients of the 
kwatha and three batches of Pathyashadangam kwatha 
methanol extracts were analysed using HPLC11,12. A 
standard Ciruvilvadi kashayam was made and compared 
with four marketed samples using phytochemical 
parameters like comparative fingerprinting by HPTLC 

and HPLC quantification using Piperine and Gallic acid 
as standards13. The presence and absence of ingredients 
in a polyherbal formulation Bhunimbadi Kwatha Churna 
were analysed using 1H-nuclear magnetic resonance 
to establish their spectral signatures. A comprehensive 
monograph on quality standards of Bhunimbadi 
Kwatha Churna was proposed including the HPTLC 
fingerprinting of methanolic extract of the formulation and 
its ingredients14,15. HPTLC standardization of ethanolic 
and hydroalchoholic extracts of Panchavalkala Kwatha 
Churna was done along with LC-MS characterization of 
methanolic extracts. A monograph on quality standards 
for Panchaval kala Kwatha Churna was proposed from the 
data obtained16.
	 GC-MS analysis of the Ayruvedic formulation 
Katakakhadiradi kashayam and Patolakaturihinyadi 
kwatham was performed and presence of various 
known bioactive molecules was found along with a 
few compounds that are not yet characterized17,18. 
The presence of compounds like ergosterol, imidazole 
and piperine with various biological and supportive 
therapeutic activities in Patolakaturihinyadi kwatham 
clearly underpin the medicinal value of the formulation. 
The GC-MS analysis of Kulathadi kashayam showed the 
presence of the bioactive molecules like benzoic acid, 
tetratricontane and octadecanoic acid in abundance19. 
The mechanism of action of the different bioactive 
molecules in the Ayurvedic medicine is far from being 
analysed properly due to its complexity. Chemical 
profiling of Amruthotharam kashayam using a rapid 
LC-ESI MS method was done and a reverse phase HPLC 
chromatogram was developed as a chemical fingerprint. 
The structural identification of the compounds was 
carried out and some flavanoids, along with phenolic 
acids like gallic acid, chebulic acid, quinic acid and 
protocatechuic acid, were identified for the first time in the 
kwatha20. The use of modified dosage forms is proposed 
to overcome the major concerns of kwatha like shelf life 
and large dosage of administrations. Lodhradi kashaya 
made by traditional method and the contemporary spray 
drier method was validated through FTIR spectroscopy. 
The Absorbance pattern in the IR spectra indicates that 
there is no significant variation found between the two21. 
The phytochemical standardization studies on different 
kwathas are listed in Table 1.

3.  Multiple Marker-based  
	  Standardization
Polyherbal formulations consist of more than one 
active component. Identification and quantification of 
the maximum possible number of potential markers 
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for a polyherbal formulation are essential to assure its 
quality. Moreover, the quantification of these marker 
compounds in the raw materials, along with their 
formulation, could be used to study the chemical 
modifications during the Ayurvedic processing. Isolation 
of the marker compounds from the kwatha is a complex 
and tedious process. Compared to the other polyherbal 
formulations like churna, arishta and derived Ayurvedic 
products, systematic investigation of biomarker-mediated 
kwatha standardization is much less. The presence of 
andrographolide in the Pathyashadangamkwath was 
confirmed by HPLC analysis of the formulation along with 
the andrographolide standard. The similarity in spectral 
index and retention time of Pathyashadangamkwath 
with standard andrographolide furtherindicated 
thatandrographolide is a potential biomarker for the 
kwathastandardization12.
	 In a new simple UV- spectrophotometric method, spec 
troscopic fingerprint was developed for the quantitative 
determination of Glycyrrhetinic acid a major content 
in the polyherbal formulation Pratishyayghnakwath48. 
Biomarker-based estimation of berberine and gallic acid 
was used for the standardization of Punarnavashtakkwath 
using HPTLC. The purity of the bands of berberine 
and gallic acid in the formulation was confirmed 
by the comparison of absorption spectra with the 
standards49. Multiple marker based standardization of 
Phalatrikadikwathachurna using gallic acid, picroside-I 
and ellagic acid as biomarkers was done by using HPTLC. 
Phytochemical evaluation of the conventionally prepared 
kwatha with that of the two market sample of the 
formulation was also studied. Compared to the genuine 
sample, the amount of marker compounds was found to be 
significantly lower in the market samples50. Phytochemical 
standardization of a polyherbal formulation Ayaskrti was 
carried out along with the quantitative estimation of gallic 
acid by using HPTLC method. Gallic acid quantification 
in three batches of ethyl acetate extracts of a polyherbal 
formulation Ayaskrti was carried out by integrating the 
different peak area with the standard51. Quantitative 
phytochemical standardization of marketed sample of 
Balaguloochyadikashayam was carried out with ephedrine 
as the marker compound34.

4.  Pharmacological Studies
Dhanwantaramkashayam is an Ayurvedicpolyherbal 
formulation with strong antioxidant activities. The effect of 
Dhanwantaramkashayam on oxidative radical scavenging 
activity and lipid metabolism in diabetic rats was analysed. 
The formulation exerted significant anti hyperlipidemic 
and antioxidant activity. The results showed that the 

formulation increased the activity of antioxidant enzymes 
and reduced different lipid levels52. Divya Sarva Kalp 
Kwatha is a polyherbal formulation used for improving 
liver function. The hepatoprotective effect of Divya Sarva 
Kalp Kwatha was studied by using both in-vitro and in-
vivo systems in CCl4 induced liver toxicity. Wistar rats 
and human hepatocytes (HepG2) were used as the study 
model. HPLC and LC-MS-QToF techniques were used 
to identify the metabolites present in the kwatha. A total 
of 68 metabolites were present in the kwatha. The potent 
hepatoprotective of the Divya Sarva Kalp Kwath was 
reconfirmed by the study53. Balaguluchyadi kashayam is 
widely used for curing chronic inflammatory conditions. 
The anti-inflammatory effect of polyherbal formulation 
was analysed based on its effect in the production of 
pro-inflammatory cytokines and inhibition of monocyte-
macrophage differentiation. The results showed that the 
formulation reduced the monocyte differentiation and 
blocked the production of TNF-α and IL1β54.
	 Anti-arthritic effect of three kashayams viz. 
Balaguluchiadi kashayam, Punarnavadi Kashayam and 
Gugguluthiktam Kashayam in collagen induced arthritic 
rats was validated and its molecular mechanism on TLR-
4 signal transduction pathway was also elucidated. The 
major inflammatory mediators of Rheumatoid arthritis 
were downregulated on treatment with the formulations 
and confirmed the clinical efficacy of these kwathas55. 
The in-vitro experiment of Rasna saptak kwatha results 
showed that the drug is permeating through the skin. 
The hydroalcoholic extract of the kwatha showed better 
inhibition than the aqueous extract in the carrageenan 
edema model studied for the anti-inflammatory effect56. 
	 The antipyretic effect of Nagaradi Kwatha, Arishta and 
Ganavati, are compared with the paracetamol as reference 
standard in Wistar Albino Rats and found that Arishta 
form of Nagaradi medicine had better antipyretic effect57. 
The anti-inflammatory, anti-lipase and antioxidant activity 
of Ayurvedic poyherbal formulation Varanadi Kashayam 
was studied. The treatment with kwatha effectively reduced 
the THP-1 monocyte differentiation into macrophages 
along with the production of proinflammatory cytokines 
in LPS-stimulated macrophages. The anti-lipase activity 
of five fractions of kwatha was analysed by using porcine 
pancreatic lipase as enzyme and p-Nitrophenyl palmitate 
was used as the substrate. The free radical scavenging 
activity of ethyl acetate fraction of the kwatha was with 
IC50 values close to quercetin and BHT standards. The 
anti-obesity action of the formulation on high fat induced 
obese rats was also studied. Histological, gene expression 
and biochemical studies were conducted to substantiate 
the potential activity58–60. 
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	 Hepatoprotective activity of Vasaguduchyadi 
kwatha was studied using induced hepatotoxicity in 
albino rats by antitubercular drugs and paracetamol61,62. 
Punarnavashtak kwath is a formulation for hepatic 
disorders and asthma. Hepatoprotective activity of the 
kwatha was evaluated against induced hepatotoxicity by 
CCl4 in rats. 25.37% viability was shown by the HepG2 
cells exposed to CCl4. Comparative analysis of the effect 
was done using the standard drug silymarin63.
	 A traditional Ayurvedic formulation that could 
improve the quality and yield of the stem cells in 
vitro and could be used for mesenchymal stem cells 
culturing was identified for the first time. The effects 
of Dhanwantramkashaya on human Wharton jelly 
mesenchymal stem cells increased the proliferation rate 
and delayed senescence of the stem cells64. A new wound 
healing gel was prepared by the combination of Ayurvedic 
formulations viz. Pachavalkala Kwatha, Nimba Kwatha 
and Kumari Swarasa65.
	 Antidepressant activity of Mamsyadi Kwatha along 
with its individual components viz. Jatamansi, Ashwa 
gandha and Parasika Yavani was evaluated. The behavioural 
despair test was used to study antidepressant activity of 
the formulation in Swiss albino mice66. Hepatoprotective 
effects and antioxidant activity of traditional Ayurvedic 
formulation Punarnavashtak kwath was evaluated against 
hepatotoxicity induced by ethanol. Silymarin was used as a 
reference standard and antioxidative effect on hepatocytes 
by the kwatha protected the cells from liver damage by 
ethanol49.
	 Chinnodbhavadi kwath is a classical formulation 
used for gastric problems and hyperacidity. The gastric 
mucosal injury induced by aspirin in rats was inhibited 
by Chinnodbhavadi kwath and protects from gastric 
ulceration67. The anti-cancer activity of Vasaguluchyadi 
kashayam on hepatocelluar carcinoma in male rats was 
evaluated. The studies found that the kwatha provides 
protection against DEN and phenobarbitone induced 
hepatocellular carcinoma and in turn prevents the 
malignancy68. The diuretic activity of Veerataru Kwatha 
and toxicological studies of Darvyadi Kwatha Churna 
was studied in albino rats. The various biochemical 
parameters of male and female rats were altered after the 
treatment with the formulations69,70. Table 2 shows the 
pharmacological activities of the different kwathas in the 
literature.

5.  Synergistic Interactions in  
	  Polyherbal Formulations
The conventional approach of the pharmaceutical industry 
was to develop a single drug based medicines for 

treatment. However, in recent times there is a paradigm 
shift towards medicines with multiple active components 
viz. polyherbalism. In the traditional system combined 
extracts of plants are preferred over a single drug based 
treatment. In Ayurveda majority of the formulations 
are polyherbal formulations. The concept of synergism 
underlying the polyherbal formulations is highlighted 
in the classical Ayurvedic text Sharangadhara Samhita.
The Ayurvedic approach towards the drug formulation is 
unique in a way that the herbs are selected accordingly to 
a particular disease and combining them in a particular 
ratio to increase the therapeutic efficacy and reducing 
toxicity. The main drugs are for curing the disease and 
other herbs are used along with it to prevent the side 
effects of the active ingredients in drug formulation5.
	 The phytochemical profiling of the active components 
of individual medicinal plants is well established. The 
desirable therapeutic effects are not achieved in the 
practical use as they are secondary metabolites present 
in minute quantity. Recent scientific studies revealed 
that while combining these potential plants into a multi 
drug formulation, greater therapeutic effect was obtained 
over their individual effect and also with the sum of their 
individual effect4. Unveiling this synergistic interaction 
between the individual components underlying in a 
polyherbal formulation is difficult. In spite of a few 
scientific data available to support the synergistic basis of 
multi drug formulation, substantial evidences are less and 
the clinical relevancy of these studies needs to be further 
determined85. In the present study, it was observed that 
even though phytochemical and pharmacological studies 
of different kwathas were carried out and mentioned 
about the possibilities of synergistic interactions, the level 
of evidences remains low in majority of these studies. 
Further studies need to be carried out more scientifically 
to ascertain the inherent potentials of polyherbal 
formulations.
	 The comparative quantitative evaluation of the phyto 
chemical and pharmacological activity of the phyto 
constituents present in the individual plants with that 
of the respective polyherbal formulations provides the 
initial findings as reported in a few works. In order to 
find the mechanism behind the synergistic activity the 
active components behind the mechanism should be 
pointed down or the effect on available marker compound 
could be studied quantitatively. If we select a biomarker 
that is already characterized in an individual plant 
basis, we cannot ensure that it is the active component 
while in a polyherbal formulation. Even though a 
number of compounds could be co-interacting in a 
polyherbal formulation we will be able to identify the 
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major component by different phytochemical methods. 
Isolation of the different active components and the 
individual and combined biological studies could ensure 
whether the pharmacological activity is the same as that 
in the formulation. It could in turn validate the polyherbal 
formulation and its potential activity. The comparison 
of different combination of the individual source plants 
helps us to find out which combination is resulting 
in the enhanced or reduced activity86,87. The study of 
combinations can only be done for the formulations that 
have a limited number of individual source plants. It will 
be difficult to study a polyherbal formulation with a large 
number of source plants. Thus, to study the synergistic 
activity of complex polyherbal formulations, there are 
significant challenges to develop a standard methodology.

6.  Conclusion
Kwatha is the mainstay of the Ayurvedic formulations and 
with the growing interest towards the herbal medicines 
as an alternative to the synthetic drugs, the purity, 
safety, therapeutic efficacy and the reproducibility of 
the activity needs to be ensured. The standardization, 
pharmacology and clinical trials of the polyherbal 
formulations will validate  the  aforementioned objectives.  
The standardization methodologies will provide a 
comprehensive specification to a particular polyherbal 
formulation that would be used to determine the purity 
and authenticity of the formulations like kwathas. The 
complete fingerprinting profiles and pharmacological 
studies for the majority of the formulations are still 
need to be standardized.Significant contributions 
from the researchers and scientists are required to 
develop a meticulously designed methodology for the 
standardization of all the polyherbal formulations and also 
to shed light on the underlying principles of synergistic 
interactions.
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