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ABSTRACT
From the last decades the use of the herbal drug products is increased across both developing and advanced
countries. Herbal medicinal products are accessible in different dosages form according to their use. Increase in the
demand of herbal medicinal product around the world results in large scale production of these products. Longer
storage of these products may cause the deterioration and degradation of the product and loss of the active
metabolite which ultimately results in product that contain no therapeutic action or some time there is the
formation of toxic metabolite and adverse effect. This may cause the hazardous affect in the patient health.
Stability studies on herbal products must be carried out as it helps in identify the various physical, chemical and
environmental factors that affect the stability of the products and also to determine product shelf-life or enhance
product quality at all times during storage periods and usage. Number of stability testing methods are available to
check various quality changes that may occur during the storage period of the product. This article gives an
overview of the different herbal dosage forms that is generally available in market and various problems that comes
during their stability consideration or the different chemical factors that affect the stability of the product. These all
facts will help in manufacturing of safe, stable and effective product that is free from hazardous substances.
KEYWORDS: Herbal products, dosage form, instability, degradation, Stability testing.
INTRODUCTION
From the last three decades, there is increase in use of
herbal product in world‟s different countries. About 80%
of world population use herbal products according to the
primary health care needs.[1,2] Herbal drugs are consider
to be the safe since they are derived from the natural
sources.[3] Various parts of plant or the whole plant are
introduced to several treatment like extraction,
distillation, purification, concentration or fermentation to
get the herbal preparations.[4] It was estimated that
people from the different countries are rely on the herbal
products. They use herbal product alone or in
combination with the allopathic medicine for their health
needs.[5] Also it is believed that the herbal medicine are
free from the side effect and adverse effect instead of
allopathic medicine.[6] Therapeutic herbs are used to
prevent and treat disease and ailment or to support health
and healing.[7] Herbal drugs are used from ancient time
for the health care treatment.[8] In many developed
countries, people uses the herbal preparations as they
have belief that it will promote the healthier living. And
these preparation have the balanced and moderate
approach of healing and individual can also use these
preparations as home remedies and over the counter
drugs.[9] As the global use of the herbal medicine are
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increased and these products are not only available in the
drug store but also are present in the food store and the
super market.[10]
It is the perception that herbal products are very safe,
free from the adverse effects. It is not only false but also
ambiguous. Herbal medicine are capable of producing
large number of undesirable or adverse effects some of
which causes the serious injury.[11,12,13] The toxicity
evaluation of the poly-herbal formulation of the Yoyo
“Cleanser” Bitters conducted recently.[14] was prompted
by an unpublished case report of young male adult who
had been taken the self medication of this polyherbal
formulation and was later admitted to the hospitals on
account of liver failure.[15]
There are number of causes of the adverse effect of the
herbal medicines. These are divided into the two reasons
“direct” and “indirect” reason.
1. Intrinsic toxicity: This type of the toxicity occurs
by the over dose and normal therapeutic dosage of
some drugs. Adverse effects caused by Ephedra,
aconitum shows that herbs are also responsible to
produce the toxicity in the human.
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External Toxicity: Adverse effects caused by the
herbal medicine is due to the contamination of the
products with toxic substances.[16] and during
manufacturing and extraction process of natural
product , active molecules are expose to oxidation
hydrolysis and the microbial attack and
environmental degradation which causes the
stability problems for the product.[17]

It is necessary to study the stability aspects of the herbal
formulation to prevent the adverse effects of the drug and
to maintain its therapeutic activity during its shelf life
and storage conditions.[18]
There are some advantages and disadvantages of the
herbal medicines:
Advantages
 Available at low price
 Increased the tolerance of patient
 More safe to use for long time
 Have less side effects as compare to pharmaceutical
medicine
 Potency and efficiency of these products is very
high.
Disadvantages
 These drugs are not able to produce the quick
response in severe illness conditions.
 Standardizations of the herbal products is complex.
 There is the potential risk of self-medication.[19]
Dosages form of herbal product
Dosages form defined as the drug molecules or parts of
plants that are delivered to different site of actions inside
the body. There are different routes from which herbal
dosage forms might be given. Those include- oral, rectal,
topical, parentral, respiratory, nasal, ophthalmic and
otic.[20] Assortment of finished herbal products into
dosage forms will help to explain specific protocols for
stability testing and quality control. These are the
finished and labelled products and contain the active
constituents from the aerial or subterranean and some
other parts of the plant whether it is present in the crude
form or formulation.[21,22]
Decoctions
These are prepared by boiling the herb in a water for a
duration of time to extract soluble constituents.[23] Water
decoction is combination of 2-12 herbal substances is the
commonest conventional herbal dosage form.[24]
Decoctions are generally appropriate for hard plant
materials such as barks and roots and may also be made
from herbs with sparingly soluble constituents.[25] These
are normally given for the instant use, consume within a
24-hour period and about a 72hour maximum limit if
stored in a very cool place.[23] To prevent the spoilage if
wants long term storage is then preservatives and
excipients are added in the decoctions.[26] If so, the
stability of the formulation should be taken to identify
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the shelf-life of the commodity at a specific storage
condition. Decoctions can be sweeten by using a syrup or
honey.[27]
Tincture
In tincture preparations, alcohol and water are used for
the extraction of the plants active chemical constituents
which are not much soluble in the water or when wants
to store the products for the longer period. If the plant
tincture is prepared in proper manner it can last for the
many years and without changing its therapeutic
potency. Percentage of the alcohol play important role to
identifying the half -life of the tincture. More the alcohol
used, longer is the shelf life of the tincture .Some herbs
active constituents are soluble in water and some are
soluble in alcohol . So the amount of the alcohol and
water used in preparation of the plant tincture play the
special role. A “standard 4:1 tincture” means 1 part of
the herb and 4 part of liquid used in the preparation.[28]
Herbal glycerite
Glycerites are prepared same as tinctures but in this case,
glycerine is used in the extraction process in place of a
mixture of alcohol and water. If in the finished product,
concentration of the glycerine is 50% to 60% then
glycerite will store for long period of time. The shelf-life
is only about six months to two years. For correct
extraction of the active constituents of herbs, alcohol is
require. For best effect, glycerite should be
refrigerated.[29] For fresh plant juices glycerine is a good
preservative, in which half fresh plant juice and half
glycerine are mixed, as it preserve the juice green. This
kind of preparation is called a succus. Formulating
medicines for children, glycerine is good and also better
for soothing preparations for the throat and digestive
tract, or cough.[30]
Medicated wines
These herbal products are also called tonic wines. These
are used in the pleasurable way to get strengthening and
tonic herbs to increase liveness and enhance digestion.
Wine is less stimulating for the body than high proof
spirit and can be used for sipping in small quantities.
These wines can be used for digestive related issues.[31]
Herbal drinks are commonly ethanolic or hydroethanolic
extracts of herbal materials.[32] In Africa and southeast
Europe, these herbal drinks in form of liquor and spirits
are largely used.[33]
Herbal capsule
These are solid dosage forms containing drug and
commonly, proper filler closed in a gelatin container.[34]
These may be available in hard gelatin shell for dry
powdered herbal ingredients or granules,[35] or soft
gelatin shells for herbal oils and for herbal ingredients
that are dissolved or suspended in oil. The gelatin shell
easily breaks, dissolves and follow oral administration.
As compare to tablets, drug are more easily released
from capsules.[27] Capsules mask the unpleasant taste of
its contents.[20] Herbal capsules, mostly hard gelatin
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capsules, contain the plant material finely grounded and
filled into shell or also contain the herbal material extract
with adequate excipients such as fillers.[36]
Herbal tablets
These herbal dosages form are hard, compressed and in
round, oval or square shape.[34,20] The formulation
contain the additives that may include: binders, glidants
(flow aids) and also contain lubricant and
disintegrants.[20] These are generally designed for the oral
administration and containing the herbal constituents for
specific therapeutic effects.[37] The stability of herbal
tablets should be determined as the shelf life of the tablet
is affected by storage conditions. Herbal tablets
containing Rhodiola rosea L. extract were determined to
be stable during six months storage at 25 °C/60% RH but
the tablets failed the stability test at 40 °C/75% RH due
to increase in humidity and decreased hardness.[38]
Herbal ointment
These herbal preparations commonly contain the plant
material(s) either in finely sieved or extracted form
introduced in the base.[39] These are not used in case of
deep wounds.[29] When compared with other liquid
dosage forms, these formulations are quietly stable.[20]
But the presence of herbal materials in an herbal
ointment may lead to fast deterioration of the product.
The stability of herbal ointments is important to ensure
accurate labelling instructions for storage and shelf-life
of the product.[40]
Herbal syrup
These are the preparations which are administered by
oral route. Syrups are best of all liquid oral formulation.
Because they are sweet in taste, people who don‟t like
bitter taste, syrup offer a good introduction to the
world.[41,42] These are prepared by addition of sugar with
infusions, decoctions, expressed juices, fermented
liquors or simple water solutions. These are also
prepared with tinctures rather than infusions or
decoctions. Instances of some syrup which can be
prepared include simple syrup, orange syrup, tolu syrup,
raspberry syrup, wild cherry syrup etc.[31]
Herbal creams
These are the semi-solid oil in water and water in oil type
preparations and available in the different types [31].
Various types of herbal creams are(1) Cold creams – these are water in oil type emulsion
and provides the cooling effects when applied on the
skin. Cooling effects occurs due to the evaporation
of the water from the skin.
(2) Vanishing creams – these are oil in water emulsion
based preparation. These disappear when rubbed
into the skin and for this phenomena, they are also
called foundation creams.
(3) Cleaning creams – these are water in oil type
emulsion. They melt at the body temperature. When
applied on the skin they spread quickly on the
applied area,[43]
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Aromatherapy
Aromatherapy is the different form of medicine in which
essential oils and other volatile oil are used for the
purpose of changing the person mood or health. Some
essential oils are not effective against the infection
caused by the virus, bacteria and fungi but they shows
the antimicrobial properties example tea tree oil. Still
there is no specific evidence that aromatherapy is
effective in treatment of the medical conditions.[31,44] But
some evidences are present that shows that essential oil
contain some therapeutic actions[45] that is beneficial for
the treatment of medical conditions. In therapeutic,
cosmetic, spiritual, fragrant, aromatic uses essential oil
obtained there values.[46,47] In this therapy, highly
concentrated constituents which having the main
therapeutic agents are extracted from the different parts
of the plant like, flower, fruit, leaves, stalks and roots or
from the distilled resins.[48] Essential oils are the mixture
of the saturated and unsaturated hydrocarbons, ketone,
aldehyde alcohol, esters, ethers, phenol, oxides and
terpenes which produces the characteristics odour.[49,50]
These oils does not contain any color and available in
concentrated form or works effectively on the vital
points and rejuvenates.[51] They are administered by the
various method in small amount e.g. inhalational route,
by body massage, or some are taken internally by oral
route. For the massage, they are simply apply on the skin
surfaces.[47,52] Aromatherapy is famous to reduce the
stress, rejuvenate and refresh the person mind. These oils
shows their action via olfactory nerves. Now a days this
therapy trend is increased. People are using it in cancer
and sleep disorder.[55,56] Because of organic nature of
these oils, these acts in the supportive way with the body
and produces the feeling of the well beingness.[57] In a
study when the mice is treated with the rosemarry
essential oil, it is observed that the locomotor activity of
the mice increased greatly by the rosemarry oil which is
used as the refreshing and activating medicine for the
exhaustion.[58] In holistic medicine, the use of the
aromatherapy has taken long time in past years.[59]
Stability aspects of herbal formulation
Stability study of herbal formulation is essential not only
during the production of product but also to assess the
storage conditions and shelf life of the existing
preparations over a period of time.[60] Stability is defined
as the maintenance of quality until the end of the stated
shelf –life.[61] Stability is aimed at assuring that the drug
and drug product remains within the specification
established to ensure its identity, strength, purity and
quality. It can be explained as the length of time under
specific condition and storage that a product remain
within the pre-defined limits for all important
characteristics. Every constituent whether it is
therapeutically active or inactive in product can affect
the stability.[18] because of different factors like physical
and chemical properties of the substances and
environmental factors like light, temperature and
humidity. Pharmaceutical product may experience
changes like change in consistency, moisture content, pH
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etc. Stability of the product can also affected by
microbiological changes.[62] Similarly, factors such as
particle size, pH, the properties of water and other
solvents employed, the container nature and the presence
of the other chemicals as a result from contamination or
from the deliberate mixing of various products can affect
the stability[Figure 1].[18] Stability study ensure product
quality and safety, and the degradation of the active
ingredient may form toxic compounds. Aside from this,

real time stability study data also gives information like
shelf life of newly prepared drug and its storage
conditions.[63] Stability testing of typical natural extract
of the plant like flavonoid containing herbal drugs has
reported by the researchers. It helps to understand the
stability measure of the natural products [64]. A report on
stability testing of herbal medicinal product and the
problematic cases from practice with discussion of
possible resolution approaches has been determined.[65]

Figure 1: Stability Problems in herbal product.
Physical instability
Herbal products have the problem of the physical
instability. It occurs when product contain the impurities
and various active components and they shows the
reaction with the container during storage of the product.
Growth of microorganism and insect feeding affect the
secondary metabolite or the chemical composition of the
plant. Herbal medicine that contain the volatile
substances having the problem of volatility and their
activity is decreased when stored for long period of time.
Environmental conditions
Environmental conditions namely rainfall, temperature,
altitude , soil , storage conditions along with various
harvesting procedure, time and method of collection,
manufacturing processes such as selecting ,drying,
purifying, extracting and genetic variation produce a
long term variance in product quality, stability and
concentration of plant chemicals in the various products.
Chemical instability
During the storage, the degradation of the herbal
formulation occurs due to the oxidation, hydrolysis,
crystallization, emulsions breakdown, enzymatic
deterioration and reactions of the products constituent
with the formulation ingredients like additive and
excipient. Most of the time, quality and stability of the
herbal product are affected by the two major factors like
temperature and moisture. When moisture absorbed on to
the surface of solid drug, it increases the rate of
decomposition if it is susceptible to hydrolysis. If
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enzyme is present in the product, it also enhance the rate
of chemical degradation during storage.
Complex mixtures, variance
Herbal products contain the complex mixture of the
various components obtained during the extraction
process. Every component have the different activity,
concentration and shelf life. And it causes problems to
determine the storage conditions for products due to the
difference in the activity and stability profile of the every
individual component.[66] Many time the in vitro and in
vivo biopharmaceutical characteristics of the herbal
products are complicated to understand due to the
complex composition of the product and resulting to this,
analysis of the products is become very tough to do.[67]
Moisture content
Interactions of the active constituents of the product with
the packaging material occurs when the moisture content
in the product is more than the critical value and
presence of mould growth. Sometime during storage, the
active constituent of the product show the interactions
with the formulation ingredients and change the activity
of the drug. Herbal formulation contain the different
constituents like glycoside, alkaloids, tannins, flavanoids
and further more and stability conditions for the each
component is different. So that the real stability
conditions for the herbal product is different as compare
to its single constituent.[68]
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Factor influencing stability of herbal products
There are many factor such as temperature, pH, light that
can affect the reactivity of the components. Most of the
time, hydrolysis and oxidation reactions occur. Factors
that are responsible for hydrolysis and oxidation.[69]
pH: The effect of the pH on the stability of the product is
determined
for
catechins,[70,71]
gingerols.[72,59]
[73]
isoflavones.
The effect of the pH on the stability is
depends on the chemistry of the herbal extract. In various
case of the phytochemicals, the molecules of the interest
is more stable at acidic pH. It is due to the marker
compound analysed by the researchers were phenolics. It
is observed that in the basic pH oxidative degradation
was increased of phenolic marker compound.[69]
Light: It is the other crucial factor that effects the
stability of the plant metabolites. It is recognized that the
redox reactions are produced by the ultra violet rays.
Hperforin and hericine are the two important constituent
of the Hypericum perforatum. One of the study described
that there is reduction in the flavanoid content because of
their exposure in light.[76]
Temperature: Kinetics of the redox reaction are
enhanced by increasing the temperature. In vitamins, it is
studied that if the temperature is increased more than
25⁰C and 5⁰C, it enhances the activity loss rate.
Although the confined data is present that shows the
effects of the dry heat on the composition of the herbal
extract. It has been reported that there was the
degradation of the guggulsterone in exudates of
Commiphora mukul. There is a very rapid decrease of
sennosides in senna leaf extract after keeping for 16 days
at 70⁰C in dry oven.[77] There is another study which
showed the effect of the heat on the stability and reported
that the decomposition of dihydroandroghrapholide
occurs during the production of Androghraphics
paniculata tablets.[78]
Enzymatic degradation: Enzymatic degradation can be
seen in the herbal preparation containing pressed juice.
Fresh as well as dried plant material are used for the
preparation of the herbal product. Nusslein et al.[79]
stated the enzymatic degradation in Echlinacea purpurea
roots by adding 0.5% citric or malic acid, or 5-15%
hibiscus extract. Enzymatic degradation moreover
observed in garlic where enzyme allinases and oxidases
lead to the formation of the sulphur-containing
flavorants.[80]
Metal ions: Metal ion mostly iron, copper and other
transition metal, are able to cause hydrolysis and
oxidative reaction with the redox active molecules.[69,81]
These effects was described by the S. Thorsen and
Hildebrandt.[82] They assessed the stability of carnosic
acid and diterpene from the rosemary leaves in various
solvents. In their study, they founded that the carnosic
acid degraded more quickly in amber vial as compare to
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clear vials. And founded the fact that the amber vials
greatly have the more amount of the iron and titanium.
Solvents: There is many evidence from many reports
that the choice of the solvents have the big impact on the
stability of the products. Mao et al stated the difference
in stability of triptolide, a diterpenoid triepoxide obtained
from Trypterguim wilfordii, in various solvents. The
solvent in which stability is best comes are ethanol
followed by the methanol and DMSO.[83] And
interactions with the solvents also leads development of
new chemical structure. Tava et al stated that in Medico
sativa, there is the formation of the ester between ethanol
and the glucuronic acid moiety of saponins.[84]
Air: The destructive effect of the air exposure of many
plant extract occurs because it contain the oxygen. Fatty
oils are mostly affected when they are exposed in the
air.[85] The essential oils are also affected by the air when
they are not properly stored in the container and to
prevent the oxidation, they are filled equal to the rim.
Orav et al, describes the effect of air on the essential oils
of the Piper nigrum fruit. He observed that there is
increase in the oxygenated terpenoids after one year of
the storage.[86]
Importance of stability testing
Stability testing vital for the wellness of the patient who
is suffering from the diseases for which the product is
manufactured. When the product is degraded by the
different factors like physical, chemical, environmental
etc., it contain the toxic substances and loss its
therapeutic activity and can cause the failure of the
therapy and result in death of the patient. Due to this
consideration it is important to gives the all data of the
stability testing of various tests to the regulatory agencies
before the approval of the new drug product.
In the development stages of the drug product, it is
important to perform the stability studies. It will provide
the database of the product that help to select excipient
for the formulation and container and closure system for
the packaging of the new products. And it also provides
an idea to identify the storage and shelf life of the new
product or verify that there is no changes occurs during
the manufacturing of the product that may affect the
stability of the herbal product.[87,88]
Method of testing of the stability
Stability testing of the drug products occurs in the
routine bases and is performed at the various stages of
the drug development. Depending on the aim and the
steps followed, stability testing procedure are of different
types.
Retained sample testing
This type of testing has been performed to collect the
stability data of the marketed product. For sampling
every year one batch is selected for retained storage. If
the marketed batches number increase to 50 than it is
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suggested that select the two batches for the sampling.
During the first introduction of the product into the
market the stability sample from the each batch is
carried. On later stages it is decreased to 2 to 5% for the
marketed batch. Stability sample those are tested at
predefined interval that occur if the shelf life of the
product is 5 year and the samples are tested at 3, 6, 9, 12,
18, 29, 36, 48, 60 months.[89,90]

2.

3.

4.
5.

Cyclic temperature stress testing
This method is not routinely practice on the marketed
product. In this test the conditions for the storage of the
product are created like cyclic temperature, stress
conditions. These conditions are same as the marketed
storage place of the product and the period of the cycle is
24 hour. The temperature for the testing the product
during cyclic stress is selected on the basis of various
form of the product and also examined the factor like
suggested temperature for that product and the physical
or chemical degradation of product. It is suggested that
during test, 20 cycles are practiced usually.[89,80]
Real time stability testing
In this method, stability testing of the product performed
for the longer period of time until the degradation of the
product is occurs on the suggested conditions for the
storage. When the test is performed the data should be
collected in proper frequency so the trend analysis is
capable to differentiate the instability from daily
vagueness. The accuracy of the data interpretation can be
enhanced by comparing the one batch with the reference
whose properties for stability are already determined.
Stability of the reference batch also contain the stability
of the reagent along with the performance uniformity of
the instruments those are used during the stability testing.
Although system performance and control for drift and
discontinuation results from changes in both reagents and
instrumentation should be controlled.[90]

6.
7.

8.

9.

10.

11.

12.

13.

14.

CONCLUSION
The use of the herbal product are increased all over the
world. Herbal products are available in different dosages
form. Stability study of the herbal product is crucial to
ensure the quality, safety and efficacy of the product. By
studying the various factor like temperature, pH, air,
moisture, solvents, light and enzymatic degradation that
effects the stability of the product or by performing the
different stability test, things become easy for the herbal
product manufacture that to consider the various stability
facts and develop technique that is needed during the
storage, transportation and usages of the herbal product.
It is beneficial for the patient safety and increase the
people belief toward the safe and effective use of herbal
product.
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issues relating to adverse reactions and challenges in
monitoring safety. Front Pharmacol, 2014; 4: 177.

www.wjpls.org

16.

17.
18.

19.

REFERENCES
1.

15.

│

Vol 8, Issue 2, 2022.

│

Thakur L, Ghodasra U, Patel N, Dabhi M. Novel
approaches for stability improvement in natural
medicines. Pharmacogn Rev, 2011; 5: 48-54.
Abhishek K, Ashutos M, Sinha BN. Herbal drugspresent status and efforts to promote and regulate
cultivation. The Pharma Review, 2006; 6:73-77.
Rangari VD. Pharmacognosy and phytochemistry.
2nd edition, Career Publications, 2008; 1: 78–100.
Abhishek K, Ashutos M, Sinha BN. Herbal drugspresent status and efforts to promote and regulate
cultivation. The Pharma Review, 2006; 29: 352.
Harish P. Herbal drugs. Current Science, 2001;
81(1): 15.
Simon OR, West ME. The past and the present use
of plants for medicines. West Indian Medical
Journal, 2006; 55: 217.
De-Smet, PGAM .The role of plant derived drugs
and herbal medicines in healthcare drugs. Drugs,
1997; 5: 801-840.
Roberts J. E., Tyler V. E. Tyler‟s Herbs of Choice.
The Therapeutic Use of Phytomedicinals. New
York: The Haworth Press, 1997.
Bodeker C, Bodeker G, Ong CK, Grundy CK,
Burford G, Shein K. WHO Global Atlas of
Traditional, Complementary and Alternative
Medicine. Geneva, Switzerland: World Health
Organization, 2005.
Vanherweghem JL, Degaute JP.The policy of
admission to the education in medicine and dentistry
in the French-speaking community of Belgium. Acta
Clin. Belg, 1998; 53: 2–3.
Cosyns JP, Jadoul M, et al. Urothelial lesions in
Chinese-herb nephropathy. Am. J. Kidney Dis,
1999; 33: 1011–1017.
Ernst E. Toxic heavy metals and undeclared drugs in
Asian herbal medicines. Trends Pharmacol Sci,
2002; 23: 136–139
Ekor M, Osonuga OA, Odewabi AO, Bakre AG,
Oritogun KS. Toxicity evaluation of Yoyo „cleanser‟
bitters and fields Swedish bitters herbal preparations
following sub-chronic administration in rats. Am. J.
Pharmacol. Toxicol, 2010; 5: 159–166.
John TA, Okoli CC, Ekor M. Some phytochemical,
safety, antimicrobial and haematological studies of
super b and seven keys to power blood purifier
herbal tonics. Nig. J. Med. Res, 1997; 1: 37–43.
Zhang J, Wider B, Shang H, Li X, Ernst E. Quality
of
herbal
medicines:
challenges
and
solutions.Complementary Therapies in Medicine,
2012; 20(1-2):100–106.
Rangari VD. Pharmacognosy and Phytochemistry.
2nd edition, Career Publications, 2008; 1: 70–90.
Pingale SS, Pokharkar RD, Pingale MS. Stability
study of herbal drug. Pharmacology online
University of Salerno, 2008; 20–23.
Solecki R, Shanidar IV. A Neanderthal flower burial
in northern Iraq. Science, 1975; 190(4217): 880–
881.

ISO 9001:2015 Certified Journal

│

108

Roobal et al.
Science

World Journal of Pharmaceutical and Life

20. Aulton ME. Aulton‟s pharmaceutics-The design and
manufacture of medicines. 3rd edition. London:
Churchill Livingstone, 2007.
21. World Health Organization (WHO). Stability
Testing of Active Substances and Pharmaceutical
Products. Restricted Working document QAS/06,
2006; 179: 10-32.
22. European Medicines Agency (EMA). Reflection
paper on stability testing of herbal medicinal
products and traditional herbal medicinal products.
EMA/HMPC/3626/2009 Committee on Herbal
Medicinal Products (HMPC), 2009.
23. Green J. The Herbal medicine-makers Handbook: A
Home Manual. USA: Crossing Press, 2002.
24. Yi YD, Chang LM. An overview of traditional
Chinese herbal formulae and a proposal of a new
code system for expressing the formulae titles. J
Evidence-Based Complementary Altern Med, 2004;
1: 125-32.
25. Ghiware NB, Gattani SG, Chalikwar SS. Design,
development and evaluation of oral herbal
formulations of Piper nigrum and Nyctanthes
arbortristis. Int J PharmTech Res, 2010; 2: 171-6.
26. Bone K, Mills S. Principles and practice of
phytotherapy: Modern herbal medicine. 2nd edition.
Elsevier Health Sciences, 2013.
27. Hoffman D. Medical Herbalism: The Science and
Practice of Herbal Medicine. Vermont: Healing Arts
Press, 2003.
28. Mazza G. Functional Foods. Technomic Publishing,
Lancaster, PA,2nd edition, 1998.
29. Bascom A. Incorporating Herbal Medicine into
Clinical Practice. Philadelphia: F. A. Davis
Company, 2002.
30. Bruton-Seal J, Seal M. Backyard medicine-harvest
and make your own herbal remedies. New York:
Skyhouse Publishing, 2009.
31. Carson CF, Hammer KA, Riley TV. Melaleuca
alternifolia (Tea Tree) Oil: A Review of
Antimicrobial and Other Medicinal Properties.
Clinical Microbiology Reviews, 2006; 19(1): 50–62.
32. Ogbonnia SO, Mbaka GO, Igbokwe NH, Anyika
EN, Alli P, Nwakakwa N. Antimicrobial evaluation,
acute and subchronic toxicity studies of Leone
Bitters, a Nigerian polyherbal formulation, in
rodents. Agric Biol J North Am, 2010; 1: 366-76.
33. Komes D, Belscak-Cvitanovic A, Horzic D, Drmic
H, Skrabal S, Milicevic B. Bioactive and sensory
properties of herbal spirit enriched with cocoa
(Theobroma cacao L.) polyphenolics. Food
Bioprocess Tech, 2012; 5: 2908-20.
34. Winfield AJ, Rees AJ, Smith I. Pharmaceutical
practice. London: Churchill Livingstone, 2009.
35. Bayor MT, Johnson R, Gbedema SY. The oral
capsule-the most appropriate dosage form for Croton
membranaceus. Int J Pharm Sci Res, 2011; 2: 55-62.
36. Johnson R, Bayor MT, Adotey J. Formulation and
evaluation of Bridelia ferruginea and Canthium
glabriflorum herbal capsules. J Herbal Med Plants,
2010; 1: 18-22.

www.wjpls.org

│

Vol 8, Issue 2, 2022.

│

37. Mishra US, Murthy PN, Sahoo SK, Sahu KC.
Formulation and evaluation of herbal tablet
containing methanolic extract of Calophyllum
inophyllum. Int J Pharm, 2012; 2: 181-186.
38. Kucinskaite A, Sawicki W, Briedis V, Sznitowska
M. Fast disintegrating tablets containing Rhodiola
rosea L. Extract Acta Pol Pharm, 2007; 64: 63-7.
39. Achi A. An introduction to botanical medicine:
History, sciences, Uses, dangers. Connecticut
Publishers, 2008.
40. Zdoryk OA, Khokhlova KO, Georgiyants VA,
Vyshnevska LI. Investigation of physical and
chemical stability of ointment with herbals. Int J
Pharm Compd, 2014; 18: 248-52.
41. Raff RB. Quick Look: Pharmacology Hayes Barton
Press, 2004; 5.
42. Gladstar R. Herbal healing for women, Simon and
Schuster, 1993; 60.
43. https://www.slideshare.net/rahimbrave/herbalcosmetics-69811712.
44. Van der Watt G, Janca A. Aromatherapy in nursing
and mental health care. Contemporary Nurse, 2008;
30(1): 69–75.
45. Edris AE. Pharmaceutical and therapeutic potentials
of essential oils and their individual volatile
constituents: A review. Phytotherapy Research,
2007; 21(4): 308–23.
46. Evans WC. Trease and Evans Pharmacognosy. 4th
edition. London: WB Saunders Co, 2000.
47. Svoboda KP, Deans SG. Biological activities of
essential oils from selected aromatic plants. Acta
Hort, 1995; 390: 203-9.
48. Dunning T. Aromatherapy: Overview, safety and
quality issues. OA Altern Med, 2013; 1(1): 6.
49. Schiller C, Schiller D. 500 formulas for
aromatherapy: mixing essential oils for every use.
USA: Sterling Publications, 1994.
50. Wildwood C. The Encyclopedia of aromatherapy.
Rochester: Healing Arts Press, 1996.
51. Krishna A, Tiwari R, Kumar S. Aromatherapy- An
alternative health care through essential oils. J Med
Aromat Plant Sci, 2000; 22: 798-804.
52. Svoboda K, Hampson J, Hunter EA. Production and
bioactivity of essential oils in secretary tissues of
higher plants. In: Proceedings of World
Aromatherapy II Conference of National
Association for Holistic Aromatherapy (NAHA);
Sep 25–28; St. Louis, Missouri, USA, 1998; 105-27.
53. Perry N, Perry E. Aromatherapy in the management
of
psychiatric
disorders
clinical
and
neuropharmacological perspectives. CNS Drugs,
2006; 20: 257-80.
54. Lai TK, Cheung MC et al. Effectiveness of aroma
massage on advanced cancer patients with
constipation: A pilot study. Complement Ther Clin
Pract, 2011; 17: 37-43.
55. Marchand L. Integrative and complementary
therapies for patients with advanced cancer. Ann
Palliat Med, 2014; 3(3): 160-71.

ISO 9001:2015 Certified Journal

│

109

Roobal et al.
Science

World Journal of Pharmaceutical and Life

56. Hwang E, Shin S. The effects of aromatherapy on
sleep improvement: A systematic literature review
and meta-analysis. J Altern Complement Med, 2015;
21(2): 61-8.
57. Farooqi AHA, Sharma S. Aromatherapy-A
Promising Holistic System. J Med Aromat Plant Sci,
2000; 22: 704-6.
58. Kovar KA, Gropper B, Friess D, Ammon HP. Blood
levels of 1,8cineole and locomotor activity of mice
after inhalation and oral administration of rosemary
oil. Planta Med, 1987; 53: 315-8.
59. Berwick A. Holistic aromatherapy: Balance the
body and soul with essential oils. St. Paul, MN:
Llewellyn Publications, 1994.
60. Neeraj PT. Stability study in ayurvedic products,
Ancient Science of Life, 2013; 32(2): 66.
61. Lang. Biopharmaceutical characterization of Herbal
Medicine Products. Drugs, 2001; 44(4): 102-108.
62. Anonymous. ICH Harmonised Tripartite Guideline.
Stability testing of new drug substances and
products – Q1A (R2), 2003.
63. Natural Health Product Directorate, Health Canada.
Evidence for quality of finished natural health
products, 2007; 22–33.
64. Heigl D, Franz G. Stability testing on typical
flavonoid containing herbal drugs. Pharmazie GoviVerlag Pharmazeutischer Verlag GmbH., 2003; 58:
881–5.
65. Poetsch FA, Steinhoff B. Stability testing of herbal
medicinal products: A report on problematic cases
from practice with discussion of possible resolution
approaches. Pharmazeutische Industrie, 2006; 68:
476–83.
66. Shinde VM, Dhalwal K, Potdar M, Mahadik KR.
Application of quality control principles to herbal
drugs. Int J Phytomed, 2009; 1: 4–8.
67. Peter JH, Raman A. Laboratory Handbook for the
Fractionation of Natural Extracts. Chapman and
Hall, Thomson Science, 1988; 17–8.
68. Baugh S, Ignelzi S. Hydrolysis and redox factors
affecting analysis of common phenolic marker
compounds in botanical extracts and finished
products, J AOAC int., 2000; 83: 1135.
69. Su YL, Huang Y, Chen ZY. Stability of tea
theaflavins and catechins. Food Chemistry, 2003;
83: 189.
70. Chen ZY, Tsang D, Huang Y. Degradation of Green
Tea Catechins in Tea Drinks. J Agric Food Chem,
2001; 49: 477.
71. Bhattharai S, Tran VH, Duke CC. J Pharm Sci,
2001; 90: 1658.
72. Ungar Y, Osundahunsi OF, Shimoni E.
Biotechnology of lactic acid bacteria novel
application. J Agric Food Chem, 2003; 51: 4394.
73. Trifunovic S, Vajs V, et al. Oxidation products of
hyperforin
from
Hypericum
perforatum
Phytochemistry, 1998; 49: 1305.
74. Sirvent T, Gibson DM. Rapid isocratic HPLC
analysis of Hypericins. J Liq Chromatogr, 2000; 23:
251.

www.wjpls.org

│

Vol 8, Issue 2, 2022.

│

75. Kopleman SH, Augsburger LL, et al. Selected
physical and chemical properties of commercial
Hypericum perforatum extracts relevant for
formulated product quality and performance. AAPS
Pharm Sci, 2001; 3: 1.
76. Goppel M, Franz G. Stability control of Senna
leaves and Senna extract. Planta Med., 2004; 70:
432.
77. Haung XD, Su ZR, Lai XP, Lin SH, Dong XB, Xie
PS. Changes of dehydroandrographolide's contents
of andrographis tablet in the process of production.
Zhongguo Zhong Yao Za Zhi, 2002; 27: 911.
78. Nusslein B, Kurzmann M, Bauer R, Kreis W.
Toxicology of herbal products. J. Nat. Prod., 2000;
63: 1615.
79. Block E. The Organosulfur Chemistry of the Genus
Allium – Implications for the Organic Chemistry of
Sulfur. Angew. Chem Int. Ed. Endgl, 1992; 31:
1135.
80. Miller DM, Buetter GR, Aust SD. Transition metals
as catalysts of “autoxidation” reactions. Free Rad.
Biol. Med., 1990; 8: 95.
81. Thorsen MA, Hildebrandt KS. J. Chromtogr. A,
2003; 995: 119.
82. Mao YP, Tao XL, Lipsky PE. J. Pharm. Pharmacol,
2000; 52: 3.
83. Tava A, Mella M, Biialy Z, Jurzysta M. Chemical
and Biological Activity of Triterpene Saponins from
Medicago Species. J. Agric. Food Chem, 2003; 51:
1797.
84. Schmidt TJI, Matthiesen U, Willuhn G. Principles
and practice of phytotherapy. Planta Med., 2000; 66:
678.
85. Orav A, Stulova I, Kailas T, Muurisepp M.
Chemical composition of essential oils from
plantago lanceolata L. leaves extracted by
hydrodistillation. J. Agric. Food Chem., 2004; 52:
2582.
86. Singh S, Bakshi M. Guidance on conduct of stress
test to determine inherent stability of drugs, Pharm
Technol Asia, 2000; 24-36.
87. Carstensen JT. Drug Stability, Principles and
Practices, Marcel Dekker, New York, 2000.
88. Kommanaboyina B, Rhodes CT. Trends in stability
testing, with Emphasis on Stability during
Distribution and Storage, Drug Dev. Ind. Pharm,
1999; 25: 857-867.
89. Carstensen JT, Rhodes CT. Clin. Res. Drug Reg.
Affairs, 1993; 10: 177-185.
90. Anderson G, Scott M. Determination of product
shelf life and activation energy for five drugs of
abuse, Clin. Chem, 1991; 37: 398-402.

ISO 9001:2015 Certified Journal

│

110

