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ABSTRACT

Arthritis, a chronic inflammatory disorder affecting joints. It impacts among the
individuals of various age groups. Thequest foreffective remedies against arthritis
has led to the exploration of natural compounds with therapeutic potential. White
hibiscus (Hibiscus rosa-sinensis L.),a floweringplantrich in bioactive constituents,
has gainedattention for its purported anti-inflammatory properties. This study aims
toevaluatetheefficacyofan  Anti-Arthriticgelformulatedfrom  theethanolicextract
ofwhite flowersofHibiscus rosa-sinensis.\White hibiscus flowersare renowned for its
diverse pharmacological activities, including anti-inflammatory, analgesic, and
antioxidant properties, attributed with constituents such as flavonoids, phenolic
compounds,andpolysaccharides.Previousresearchsuggeststhatthesebioactive

compoundsmayalleviatearthritissymptomsbymodulatinginflammatorymediators

andreducingoxidativestress. TheformulationofAnti-Arthriticgeloffersapromising

approach for localized delivery of bioactive compounds, potentially enhancing
therapeutic efficacy while minimizing systemic side effects. Moreover, topical
administrationfacilitatesdirecttargetingofinflamedjoints,providingrapidrelieffrom pain
and inflammation associated with arthritis. The findings of this study hold
significant implications for the development of novel therapeutic strategies for
arthritis management. If proven effective, the Anti-Arthritic gel derived from white
Hibiscus flower extract could emerge as a safe and affordable alternative to
conventional treatments, offering hope for individuals suffering from arthritis-

induced discomfort and disability.

Keywords:Hibiscusrosa-sinensiswhiteflower,Bovineserum,Gallicacid, gel

formulation
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CHAPTER -1
INTRODUCTION
HERBALMEDICINES:

Herbal medicine plays a crucial role in complementary and alternative
medicine. It is increasingly gaining popularity worldwide and gradually
integratinginto mainstream healthcare systems. Herbal medicines have been used
for curing wide range of health conditions, including arthritis. Scientific evidence for
the efficacy of herbal medicines in treating arthritis varies, some herbs have shown
promisingresultsinalleviatingsymptomsandreducing inflammation.Conventional
therapyforarthritisisessentialtousecautiouslyundertheguidanceofahealthcare
provider. Additionally, quality control and standardized dosages are crucial when

using herbal supplements to ensure safety and efficacy.
DefinitionandScope:

» Herbalmedicinesincludeherbs,herbalmaterials,herbalpreparations, and
finished herbal products.

» Phytochemical constituentsarederivedfrompartsofplantsorotherplant
materials.

» Herbalmedicineisusedfor thepreventionandtreatmentofdiseases.
GlobalAcceptance:

» Theuseofherbalmedicinetranscendsgender,social,andracial
boundaries.

» Bothdevelopinganddevelopedcountriesembraceherbalremedies.

» TheannualglobalsaleofherbalproductsapproachesUS$62billiondueto

factors like low cost, natural origin, and perceived efficacy.
BiologicalComplexity:

» Herbalmedicinesconsistofbiologicallyactivenatural products.
» Ingredientsprimarilyinclude herbs,butsomeformulationsmayalso

contain fungal, minerals, ash, shells, insects, and animal parts.



» Secondarymetabolitesinherbsdrivetheirpharmacologicaleffectsand

potential toxicity.
BenefitsandChallenges:

> Benefits:
* Lowtoxicity:Herbalmedicinesareconsideredsafedueto their
natural origin.
= Efficacy:Someherbseffectivelyaddressspecifichealth
conditions.
= Accessibility:Herbsarereadilyavailableandeasyto

prepare.
» Challenges:

=  Knowledge Gap: Misuse and misunderstanding stem from
inadequateknowledgeamonghealthcareprofessionalsand
the public.

= Correctinformation:Accurateinformationonherbal

medicines is crucial for its appropriate use.

ContinuedAttraction:
» Theglobalappealofherbalmedicinewilinotfade.
» Comprehensive information on benefits, safety, toxicity,
research,formulation, regulation, and quality control is

essential.

MECHANISMOFACTIONOFPHENOLICCOMPOUNDS:

Phenolic compounds are a diverse group of chemical substances found

abundantlyinvariousfruits,vegetables,andherbs.Phenoliccompoundshavebeen

recognizedfortheirpotentialroleinmanagingarthritis, particularlyduetotheiranti-

inflammatory and antioxidant properties. These compounds can modulate pro-
oxidant and pro-inflammatory pathways. They help in reducing the onset and
progressionofarthritisdiseaselikeRheumatoidArthritis(RA).Phenoliccompounds can

act on transcription factors like nuclear factor-kB (NF-kB) or nuclear factor-

2



erythroidfactor2-relatedfactor2(Nrf-2),whichplayrolesinregulatingelements



within the antioxidant response pathways. The precise mechanisms of action may

vary depending on the specific phenolic compound and the type of arthritis.

>

>

>

Anti-inflammatoryProperties:

Many phenolic compounds exhibit potent anti-inflammatory effects by
inhibiting pro-inflammatory enzymes and signaling pathways.

They can suppress the production of inflammatory mediators such as
cytokines (e.g., Tumor necrosis factor-alpha, interleukins) and
prostaglandins, thereby reducing inflammation and associated tissue
damage in arthritis.

By mitigating inflammation, phenolic compounds may help alleviate pain,

swelling, and stiffness in arthritic joints.

AntioxidantActivity:

Phenolic compounds possess strong antioxidant properties, which can
counteract oxidative stress in arthritic joints.

Oxidative stress plays a role in the pathogenesis of arthritis by promoting
inflammation, cartilage degradation, and joint damage.

By scavenging free radicals and reactive oxygen species, phenolic
compounds help protect joint tissues from oxidative damage, thereby

potentially slowing the progression of arthritis.

ModulationoflmmuneResponse:
Some phenolic compounds can modulate the immune response, which is
dysregulated in autoimmune forms of arthritis such as rheumatoid arthritis.
They may regulate the activity of immune cells, such as T cells and
macrophages, and influence the production of inflammatory cytokines and
autoantibodies involved in arthritis pathogenesis.
By modulating the immune response, phenolic compounds may help

attenuate autoimmunity and reduce joint inflammation and damage.



InhibitionofCartilageDegradation:

» Certain phenolic compounds have been shown to inhibit enzymes involved
in cartilage degradation, such as matrix metalloproteinases (MMPs) and
aggrecanases.

» By blocking the activity of these enzymes, phenolic compounds may help
preserve cartilage integrityandpreventthe progressionofosteoarthritisand

rheumatoid arthritis.

AnalgesicEffects:

» Phenoliccompoundsmaypossessanalgesicproperties,providingpainrelief  in
arthritis patients.

» They can modulate pain perception pathways and inhibit nociceptive
signaling, thereby reducing pain sensitivity, and improving quality of life for

arthritis sufferers.

AntimicrobialProperties:
» Theyexhibitantimicrobialactivityagainstarangeofpathogensbydisrupting
microbial membranes, inhibiting biofilm formation, or interfering with

microbial enzymes and DNA.

MetalChelation:
» Some phenoliccompoundshave the abilityto chelate metal ions,which can
catalyzethegenerationoffreeradicals.Bybindingtothesemetals,phenolic

compounds prevent the metals from participating in oxidative reactions.

NeuroprotectiveEffects:
» Somephenoliccompoundshavebeenshowntoexertneuroprotectiveeffects
through their antioxidant activity, anti-inflammatory properties, and by

promoting autophagy in neuronal cells.



TRADITIONALMEDICINESUSEDTOCUREARTHRITIS:

The World Health Organization (WHO) defines traditional medicine as the

knowledge, skills, and practices that are based on the theories, beliefs, and

experiences of different cultures.These practices are used to maintain health, and

to prevent, diagnose, improve, or treat physical and mental illnesses. Traditional

medicine is also known as complementary or alternative medicine. Certainly

traditional systems of medicine have been practiced for centuries across various

cultures.

Siddha:

» TheSiddhasystemofmedicineisoneofthetraditionalmedicinalsystemsof India
that originated in South India.

» Itis based on ancient principles and practices that have been passed down
through generations.

» In Siddha medicine, arthritis is known as "Vatha Kuzhanthai" or
"Sandhigatavatham”.

» ltisbelievedthatarthritisresultsfromimbalanceofthethreedoshas(humor) —

>

vata,pitta, and kapha.

Siddhapractitionersuseaholisticapproachtodiagnoseandtreatarthritis.

Ayurveda:
Ayurveda, the traditional system of medicine in India, utilizes a variety of
plants for the treatment of arthritis.
InAyurveda,arthritisisknownas"Amavata"or"Sandhigata Vata,"
itisbelievedthatarthritisresultfromanimbalanceofthedoshas(Vata,Pitta, and
Kapha), leading to the accumulation of toxins (ama) in the joints.
Ayurvedic tratment for arthritis focuses on balancing the doshas, removing
toxinsfromthebody,reducinginflammation,andstrengtheningthejointsand
tissues.
Ayurvedic treatments for arthritis are individualized based on the patient's

constitution (prakriti), dosha imbalance, and specific symptoms.



Unani:

» Unani medicine, a traditional system of medicine practiced widely in South
Asia,employsvariousplantswithmedicinalpropertiestotreatconditionslike
arthritis.

» TheUnanisystemofmedicine,alsoknownasGreco-Arabic medicine.

> It is based on the principles of Hippocratic-Galenic medicine and was
developed by Greek and Arab physicians.

» InUnanimedicine,arthritisisknownas"Waja'ul-Mafasil"or"Wurma."

> ltisbelievedthatarthritisresultfromanimbalanceofthefourhumors-blood,
phlegm, yellow bile, and black bile and the presence of excess waste
products (mawad-e-ghaleezah) in the body.

> Unanitreatmentforarthritisaimstorestorethebalanceofhumors,eliminate

wasteproducts,reduceinflammation,andstrengthenthejointsandmuscles.

Homeopathy:

» Homeopathyisaholisticsystemofmedicinefoundedby Samuel
Hahnemann in the late 18th century.

> It operates on the principle of “like cures like”, where highly diluted
substancesthatproducesymptomsinhealthyindividualsareusedtotreat
similar symptoms in sick patients.

» Thehighlydilutedsubstancesstimulatesthebody'snaturalhealing
processes.

» SomeofthehomeopathicremediesincludeRhusToxicodendron,Bryonia
alba, Arnica montana, Calcarea carbonicqa, Ruta graveolens etc.

» Homeopathy is a highly individualized form of medicine, and remedies are

prescribedbasedontheuniquesymptomsandconstitutionofeachperson.

Naturopathy:
» Naturopathyisasystemof healthcarethat emphasizesthebody'sinnate ability
to heal itself.
> Naturopathy seeks to address the root causes of illness rather than merely
treating symptoms.

» Itisbasedontheprinciplesofnaturalhealing,holistichealth,andprevention,



drawing on a combination of traditional healing practices, modern scientific
knowledge, and individualized patient care.x

Naturopathic treatments may include a wide range of therapies, including
clinical nutrition, herbal medicine, homeopathy, hydrotherapy, physical
medicine, acupuncture, lifestyle counselling, and mind-body approaches
such as meditation and stress management techniques.

It aims to restore the balance and promote vitality in the body, mind, and

spirit.

HERBALMARKETEDPRODUCTFORARTHRITIS:

>

>

SimhanadaGuggulu:
SimhanadaGugguluisanAyurvedicformulationrenownedforitstherapeutic
effects in managing arthritis. It is imbued with potent analgesic, anti-
inflammatory, and pain-relieving properties, which are attributed to the
bioactive components within the preparation.
Thisformulationistraditionallymadebycombiningseveralherbalingredients
known for their medicinal properties.
TheprimaryingredientsincludeTriphala(acombinationofHaritaki,Bibhitaki, and
Amla), purified Gandhaka (sulfur), and Guggulu (Commiphora mukul), with
the addition of Castor oil. These components work synergistically to

address the symptoms of arthritis.

MahaRasnadi Kada:
Maha Rasnadi Kada, also known as Maharasnadi Kwath, is a classical
Ayurvedic formulation widely used for its therapeutic benefits in managing
arthritis and other musculoskeletal disorders.
Itisapolyherbaldecoctionthatactsprimarilyonbones,joints,muscles,and
nerves, providing relief from pain, swelling, inflammation, and stiffness
associated with arthritis.
Theformulationcontainsablendofseveralherbs,includingRasna(Pluchea
lanceolata), Eranda (Castor Plant), Devdaru (Cedrus Deodara), and many

others,whichareknownfortheiranti-inflammatoryandanalgesicproperties.



>

>

»

>
>

Maharasnadi Kada is recommended for a variety of conditions such as
rheumatoid arthritis, osteoarthritis, gout, sciatica, backache, andeven

paralytic disorders.

MahanarayanTailam:
Mahanarayan Tailam, also known as Mahanarayana Thailam, is a classical
Ayurvedic oil renowned for its effectiveness in treating various ailments,
particularly arthritis.
This medicated oil is formulated from a mixture of potent herbs and is used
for external application, oral consumption, and in several Ayurvedic
therapies.
Mahanarayan Tailam contains a variety of herbs such as Bilva (Bael root),
Ashwagandha (Indian Ginseng), Brihati (Indian Nightshade), and many
others, which are known for their healing properties.

These ingredients are processed in a base of sesame oil, along with other
substances like goatmilk and herbal juices,to enhance the oil's therapeutic
effects.

BiofreezeGel:

Biofreezegelisatopicalanalgesicdesignedtoprovidetemporaryrelieffrom
arthritis pain.

The active ingredient in Biofreezegelare Menthol USP, llex Paraguariensis
Leaf Extract, Arnica Montana Flower Extract, Calendula Officinalis Extract,
Aloe Barbadensis Leaf Extract, Boswellia Carterii Resin Extract, Camellia
Sinensis Leaf Extract, Arctium Lappa Root (Burdock) Extract, Melissa

Officinalis (Lemon Balm) Leaf Extract.

ArnicareGel:
ArnicareGelisahomeopathicproductthatisusedforpainrelief.
It's made fromArnica montana,a type ofmountain daisy.The gel is applied
topicallyandisknownforitsanti-inflammatoryandpain-relievingproperties.
Iscommonlyusedtotreatsoremuscles,bruises,andjointpainassociated with
arthritis.



CHAPTER -2
LITERATUREREVIEW

. Yolandasalinasetal.,2023Reportedtheanti-microbialactivityandphenolic

compositionofvarietiesofHibiscussabdariffaLinnwithredandwhitecalyces.

. Dianyangwangetal..,2022|dentifiedthepotentialofHibiscussabdariffa

LinnandHibiscusacidtoreverseskin aging.

. Nohamalmoraieetal.,2022ReportedtheeffectofHibiscusrosellejuiceon Mood

improvement in healthy adults.

. Mengje Xiao et al., 2022 Studied the anti-influenza properties of tiliroside
isolated from Hibiscus mutabilis Linn.

. Akshada et al.,2022 Reported anti-inflammatory, anti-convulsant, anti-
pyretic, anti-bacterial, anti-tussive, anti-parasitic, dermatological, neuro-

protective, anti-oxidant, and anti-diabetic effect in hibiscus rosa-sinesis.

. Priyanka v et al.,2022 Showed the results obtained from red flowers of
Hibiscus rosa-sinensis proves a marked effect on dermatological and
cardioprotective action.

. Amol g jadhao et al.,2021 Explored the anti-fertility activity in rodents by

using red flowers of Hibiscus rosa-sinensis.

. Dr.Aliesmailetal.,2021 ExplainedtheredflowersofHibiscusrosa-sinensis
whichhavevarioushealthbenefits,includingmenstrualcycleregulation,liver
disorders,highbloodpressure,stomachpain,eyeproblems,andaphrodisiac

effect, anti-inflammatory, anti-microbial effect.
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9. LTM Ngan et al., 2021 Anti-bacterial activity in variants of Hibiscus rosa-
sinensis with red and white flower against antibiotic-resistant strain of

Helicobacter Pylori and identification of flower constituents.

10. Tiadjefferyetal.,2021Reviewedtheeffectivenessofhibiscusrosa-sinensis

fortreatmentofmetabolicsyndrome.

11.Hieu tran trung et al.,2020 Identified the potential effects of Hibiscus rosa-

sinensis on skin aging.

12. Christopher nguyen et al., 2019 Proved that Hibiscus rosa-sinensis flower
extract selectively induced apoptosis in breast cancer cells and positively

interacts with common chemotherapeutics.

13.M Madhu babu et al.,2018 Evaluated the Hepato-protective activity of
ethanolic extract of whole plant of Hibiscus plantifolius Linn in Rifampicin

induced hepatotoxicity in Wister Albino rats.

14.Mortho madhu babu et al., 2018 Evaluated anti-diarrheal activity of ethanol

extractofHibiscusplatanifoliusincastoroilinduceddiarrheainWisterAlbino rats.

15.Ghazala riza et al., 2018 Conducted review on phytochemistry and

therapeuticuses of Hibiscus sabdariffa Linn.

16. Mukhopadhyaygoutametal.,2018Haveexploredthepotentialactivityof

Hibiscusrosa-sinensisflowersintreatingepilepsy,leprosy.
17.Ali esmail et al.,2018 Reported Hibiscus rosa-sinensis have various

pharmacological effects which include reproductive, anti-diabetic, and anti-

inflammatory properties.
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18. Asmaamissoumetal.,2018ProvedthattheflowerofHibiscusrosa-sinensis
have been used for analgesic, anti-pyretic, anti-asthmatic, and anti-

inflammatory purpose as well as being claimed to have anti-cancer activity.

19.Ishrat mahmood et al.,2017 Proved the Hibiscus rosa-sinensis explore its
pharmacological application towards anti-fertility, anti- inflammatory, anti-

microbial, anti-diabetic, and anti-pyretic activity.

20.Maria herranz et al.,2017 Reported multi targeteffectof Hibiscus sabdariffa

polyphenols, an opportunity for a global approach to obesity.
21.Sherif t s hassan et al.,2016 Revealed the presence of phytochemical
compoundsfortheactionanti-microbial,anti-parasiticandAnticanceractivity  in

the flower of Hibiscus sabdariffa.

22, Zulfigar ali khan et al.,2014 Proved anti-oxidant and anti-bacterial activities

of hibiscus Rosa-Sinensis Linn flower extracts.

23.Zoriah aziz et al.,2013 Gave a systematic review in decreasing effect of

serum lipid in Hibiscus sabdariffa Linn.

24 Radwar et al.,2013 Showed an anti-inflammatory effect on ethanolic extract

containing red flowers of Hibiscus rosa-sinensis.

25.P Ruban et al.,2012 Showed in-vitro anti-bacterial activity of Hibiscus rosa-

Sinensis flower extract against human pathogens.

26.Vishnukumaretal.,2012GaveadetailedreportonrootsofHibiscus

rosasinensisintreatinganti-dyslipedimicandanti-oxidantactivity.
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CHAPTER-3

AIM&SCOPE OFWORK

AlIM:

ToformulateAnti-Arthriticgelusingethanolicwhiteflowerextractof
Hibiscusrosa-sinensisL.andevaluateitsin-vitroAnti-Arthriticactivity.

SCOPEOFWORK:

Fromtheliteraturesurveyitwasfoundthatpolyphenolicderivativessuchas
flavonoids&phenolhaveAnti-Arthriticactivity. Flavonoidsandphenolsexactedfrom
various plants were used in the treatment of arthritis related disease like
inflammation and gout. It was also revealed from the literature survey that the anti-
arthriticactivitywasnotreportedbyusingtheextractofHibiscusrosa-sinensiswhite

flower

» TocollectHibiscusrosa-sinensis(whiteflower)&authenticationofthe
flower’s reproductive part.

» TopreparePetroleumether,Ethylacetate,Ethanol,andAqueousextractof
Hibiscusrosa-sinensis(whiteflower).

» ToperformphytochemicalScreeningusingflowerextractstoidentifythe
presence of phenolic compounds.

» ToperformThinLayerChromatographytoidentifytheactivecomponent
presentin the ethanolic white flower extractof Hibiscus rosa-sinensis L.

» ToperformanatomicalcharacterizationofthereproductivepartofHibiscus
rosa-sinensis (white flower).

» Toestimatethetotalphenoliccontentpresentintheethanolicwhiteflower
extract of Hibiscus rosa-sinensis L.

» ToformulateAnti-ArthriticgelusingHibiscusrosa-sinensisL.(white
flowers).

» ToevaluatethephysicalparametersoftheformulatedAnti-Arthriticgel.

» Todemonstratethein-vitroactivityoftheformulatedgelbyBovineSerum

Albumin [BSA] denaturation inhibition assay.
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CHAPTER -4

MATERIALS&METHODS
PLANTPROFILE OFWHITE FLOWEROFHibiscusrosa-sinensisL.:

Hibiscus-rosa-sinensisL.,commonlyknown asChinese hibiscus,China rose,

orHawaiianHibiscusisatropicalfloweringplantbelongingtothefamilyMalvaceae.

Figure4.1: WhiteFIowersoinbiscusrosaisisL.
GeographicalSource:

» Althoughitiswidelycultivatedasanornamentalplantintropicalandsubtropical
regions, its native range is Vanuatu.
» ThisarchipelagointheSouthPacificOceaniswhere Hibiscusrosa-

sinensis L. naturally occurs.
Cultivation:

» Overtime,ithasbeencultivatedinvariousotherplaces,includingChina,Japan,
and the Pacific islands.

» CultivatingHibiscusrosa-sinensisisanartsteepedintradition,yet
continually evolving with advancements in horticultural science.

» Theplantisadaptabletovariousgrowingconditions,includingpots,
containers, open fields, greenhouses, and polyhouses.

» General cultivation requirements for Hibiscus rosa-sinensis are climate,
sunlight,soil,watering,fertilization,pruning,pestanddiseasescontroland

protection from frost.
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» Hibiscus Rosa-Sinensis can reach up to 15 feet in height and 6 feet in
width,withflowersthatcanbeupto6inchesindiameterandoccurina variety

of colors.
ColourvariantsofHibiscuswhite flowers:

» The plant produces striking flowers with five petals, typically red, and
prominent orange-tipped red anthers.

» hybrids have expanded the color palette to include white, pink, orange,
peach, yellow, blue, and purple blooms. Some varieties even have

doubleflowers.
MorphologicalcharactersofHibiscuswhiteflower:

» Hibiscusrosa-sinensisisabushy,evergreenshruborsmalltree,growingup to
2.5-5 meters (8—16 feet) tall and 1.5-3 meters (5—10 feet) wide.
» Its glossy leaves are simple, ovate, and serrated, while its flowers

bloomduring summer and autumn.

Table4.1:Taxonomicalclassification

Kingdom Plantae

Subkingdom

Tracheobionta

Super Division

Magnoliophyta

Division Magnoliophyta
Class Magnoliopsida
Subclass Dilleniidae
Order Malvales
Family Malvaceae
Genus Hibiscus
Species rosa-sinensis

Botanicalname

Hibiscusrosa-sinensis
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NutrientsandChemicalComponents:
Anthocyanins:

» Cyanidin3-sophorosideisamajoranthocyaninfoundinHibiscusrosa-sinensis L.

flowers.

» Anthocyaninsarepowerfulantioxidantsthathelpreduceoxidativestressand

inflammation in the body.
Flavonoids:

» Quercetin-3-diglucoside, kaempferol-3-xylosylglucoside,andcyanidin-3,5-
diglucoside are flavonoids present in the flower.

» Flavonoidshaveanti-inflammatorypropertiesandmaycontributetojoint health.
OtherCompounds:

» Tannins,phenols,andsaponinsarealsofoundinHibiscusrosa-sinensis.
» Thesecompoundsplayvariousroles,includingantioxidantandanti-

inflammatory effects.

PharmacologicalProperties:

Thisplantexhibitsseveralpharmacologicalactivities:

Antioxidant
Anticancer
Anti-inflammatory
Antidiabetic

Antibacterial

YV V V VYV V

TraditionalUses:

AllpartsofHibiscusrosa-sinensisareusedintraditional medicine:

» Treatingfever
» Addressinginflammation

» Combatingbacterialinfections
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» Actingasacontraceptiveagent

Advantage:
» Theplant'scomparativelylowertoxicitylevelspositionitasaviable

therapeutic agent for potential use in medical applications.

COLLECTIONOFFLOWERSAMPLE:
The white flowers of the Hibiscus rosa-sinensis plant were collected from a
local area in Chennai, Tamil Nadu, India and authenticated in Siddha Research
Institute, Arumbakkam, Chennai-600106. (Form No: PCOG002-ACF)

PREPARATIONOFEXTRACTS:

Collected white flowers of Hibiscus rosa-sinensis were converted into
moderatelycoarsepowderandextractedwithvarioussolventslikepetroleumether, ethyl
acetate, ethanol and aqueous extract for 3 consecutive days by cold maceration.
The solvent was removed under reduced pressure and the yield of extract was
calculated.

Figure4.2:Preparationofcoarse powder

17



ANATOMICALCHARACTERIZATIONOFTHEREPRODUCTIVEPARTOF
Hibiscusrosa-sinensisL.(WHITEFLOWER)

TheAnatomicalcharacterizationonreproductivepartsofthewhiteflowerof
Hibiscus rosa-sinensis using microtome. A microtome is a cutting tool used to
produceextremelythinslicesofmaterialknownassections,withtheprocessbeing
termed micro sectioning. Important in science,microtomes are used in microscopy
forthepreparationofsamplesforobservationundertransmittedlightor electron

radiation.

Methodology:

The sample was fixed in Formalin-Aceto-Alcohol (FAA). Dehydration was
carriedoutusingtheXylol:Alcoholseries.Paraffinwaxwasmeltedandpouredinto a
paper boat and with the help of forceps, the specimens were transferred to the
moltenwax.Gentlyplacedtheboatincoldwaterfor20to30minfollowedbypeeling
offthepaperboat.Withthehelpofasharpblademadeanincisiononthewaxblock and
trimmed the upper lower and lateral sides of the block straight and parallel
leavingthe specimensurroundedby1mmofwax.Fixthecutpieceofblockonthe
woodenholderwiththehelpofahotspatula.Lockthehandwheelatthepositionat
whichthe blockholderisin the highestposition.Aftersetting the thicknessscale at 10
gm sectioning is done. Once the ribbon is about 5 inches detach from the
microtome blade and mount on slide previously smeared with adhesive. After the
dewaxing with Xylol, the sections were stained with 1 % toluidine blue and finally
mountedwithDibutylphthalatePolystyreneXylene(DPX).Thesectionsweretaken with

the help of a Leica rotary microtome.

TSofAnther:

TS of the mature ruptured anther is irregular in outline; it shows an outer
epidermal layer followed by endothecial cells formed of compactly arranged
cylindricalcells;allothercontentsandpollengrainsaredehiscedleavingfourempty
lacunae; two anther lobes are connected by parenchymatous connective tissue; a
smallvascularstrandcanbeseenatthecenterofconnectivetissue;somesecretion

cavities can be seen near the connective tissue (Fig 5.1).

18



Enlargedviewofanther

S
SpinyPollen grains
Figure4.3T.SofReproductivePartofHibiscusrosa-sinensisL.(WhiteFlower)

TSofOvary:

Atransversesectionofthepentacarpellaryovaryisalmostroundedinoutline
showing five locules,each locule containing twoovules.The ovary shows an outer
and inner epidermis enclosing a parenchymatous mesophyll in between. The
mesophyll is formed of rounded, moderately thin-walled parenchyma with small
intercellular spaces. It is traversed by five vascular strands and mucilage cavities.
Therearefiveloculeswiththickwallsandnumerousmucilagecells;attachedtothe inner

locular wall ovules are seen attached to the placenta (Fig 5.4 — 5.7)

19



by 7 2" e TN ' o
Developingovule Matureovule
Figure4.4:T.Softhe OveryofHibiscusrosa-sinensisL.(WhiteFlower)
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PRELIMINARYPHYTOCHEMICALSCREENING FOR THE VARIOUS
EXTRACTSOFHibiscusrosa-sinensisL.(WHITEFLOWER):

OrganolepticEvaluation:

Nature - Coarse powder
Colour - Greenishwhite
Odour - Characteristicodour
Taste - Mild astringent

4.5.2.Testforalkaloids:

About 2ml of the Hibiscus flower extract was mixed with 1gm of calcium
hydroxide and add 5ml of water to make it into a smooth paste and set aside for 5
minutes. It was then evaporated to dryness in a porcelain dish on a water bath.To
this 200ml of chloroform was added, mixed well, and refluxed for half an hour ona
water bath.Then it was filtered and the chloroform was evaporated.To this 5ml of
dilutehydrochloricacidwasaddedfollowedby2mlofeachofthefollowingreagents.
Mayer’s Reagen -white precipitate

Dragendroff’'sreagent-orange precipitate

Testforflavonoids:
Shinodatest:
A little of the Hibiscus extract was heated with alcohol and filtered. To the
test solution magnesium turnings and few drops of concentrated hydrochloric acid
were added and boiled for five minutes. red or magenta color was obtained

indicating the presence of flavonoids.

AlkaliTest:
To the small quantity of Hibiscus extract is add with 10% aqueous sodium
hydroxide Solution was added.Yellow orange color was produced indicating the

presence of flavonoids.
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AcidTest:
To thesmallquantityofHibiscusextractisaddintesttubewithfewdrops
ofconcentratedSulphuricacidwereadded.Yellowtocrimsoncolorwasobtained

indicates the presence of flavonoids.

Testforphenols:
Ferricchloridetest:
To 2ml of hibiscus flower extract is added in a test tube with 5% ferric

chloride, blue or violet color was obtained indicating the presence of phenols.

Testforterpenoids:
To 2ml of hibiscus flower extract was warmed gently with tin and thionyl

chloridethecolorofthesolutionturnedtopinkindicatingthepresenceofterpenoids.

Testfor tannins:

In10mlofdistilwater0.5gofthepowdered flowermaterialwasmixedand
boiledinatesttubeandthenfiltered. Afewdropsof0.1%ferricchloridewereadded and
appearance of blue-black or brownish green color indicates the presence of

tannins.

TestforPhlobatannins:
A2mlofflowerextractswereboiledwith1%aqueousHydrochloricacid.

FormationofredprecipitateindicatesthepresenceofPhlobatannins.

TestforSaponin:
2mlofflowerextractwasshakenvigorouslywith5midistilledwatertoobtain stable

persistent foam. The formation of emulsion indicates the presence of saponins.

TestforCardiacglycosides:
5 ml of aqueous flower extracts was treated with 2 ml of glacial acetic acid
containing one drop of Ferric chloride solution and then 1 ml of concentrated

sulphuricacidwerecarefullyadded.Formationofbrownringattheinterface
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indicates the presence of a deoxysugar which is characteristics of cardenolides.A
violetringmayappearbelowthebrownring,whileintheaceticacidlayer,agreenish  ring

may form just spreading gradually throughout the layer.

TestforCarbohydrates:

FewdropsofBenedict'sreagentwasaddedintestsolution(alkalinesolution
containing cupric citrate complex) and boiled in water bath, formation of reddish
brown precipitate indicates the presence of carbohydrate.

Table4.2:Preliminaryphytochemicalscreeningforthevariousextractsof flower
of Hibiscus rosa-sinensis L.

Pet. Ethyl
Tests ether acetate
Extract | Extract

Ethanol | Aqueous
extract extract

1.Testfor alkaloids

a.Mayer’sreagent - - + +

b.Dragendroff'sreagent - - + +

2.Testfor flavonoids

a.Acid test - + + +
b.Alkalitest - - + +
c.Shinodatest + - + +

3.Testfor phenols

a.Ferricchloridetest + + + +

4.Testfor terpenoids + + + +

5.Testfor Tannins

6.Testfor Saponin - - - -

7.TestforCardiacglycosides - - - -

8.Testfor Carbohydrates - - + +

23



ESTIMATIONOFTOTALPHENOLICCONTENTOFETHANOLICEXTRACTS
OFHibiscusrosa-sinensisL.(WHITEFLOWER):

Principle:

The total phenolic content of the Hibiscus rosa-sinenis white flower extract
was determined by Folin — Ciocalteu Reagent method.This reagent consists of a
mixture of phosphortungstate and phosphomolybdate which is reduced, during
oxidation of the phenolic substances, into a mixture of blue molybdenum and
tungsten oxides. The intensity of color is proportional to the amount of oxidized

phenolic compounds and it can be estimated as gallic acid equivalents at 765nm.

MaterialsRequired:

—_—

. EthanolicwhiteflowerextractofHibiscusrosa-sinensisL.
2. Gallicacid

3. 10%sodiumcarbonate solution

4. Folin—Ciocalteureagent

Procedure:

The total phenol content of various flower extracts of Hibiscus rosa-sinenis
white flower was estimated using Folin—Ciocalteu reagent method. The 1ml of
ethanol extract from 1mg/ml(1000ug/ml) was transferred into separate test tubes.
To thissolution,Folin—Ciocalteu Reagent0.5mland 1ml ofsodiumcarbonatewere
added and final volume was made up to 10ml with distilled water.The mixture was
allowedtostandfor1hourwithintermittentshaking. Theabsorbanceofthereaction
mixture was measured at wavelength 765nm. A calibration curve was generated
using absorbance reading of gallic acid at different concentrations (2, 4, 6, 8,
10ug/ml). The reaction mixture without sample was used as the blank. The total
phenoliccontentin the variousextractswere expressed asmilligramsofgallicacid

equivalent per gram of extract (mg GAE/Q).
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Table4.3:Concentrationvsabsorbanceofgallicacid

Concentration(ug/ml) Absorbance
0 0
2 0.523
4 1.253
6 1.587
8 2.295
102 2.956
3.5
3 y=0.2919x-0.0236 L
R2=0.9937 :
25 .
.0
g 2
-'-E 15 e
2
Ko}
< 1
05 L ’
0 &
0 2 6 8 10
-0.5
Concentration(ug/ml)
Figure4.5CalibrationcurveofGallicacid
Table4.4:Concentrationvsabsorbanceoftestsample
Weight of
Sample mg of GAE
solution flower Absorbance equivalent/gmof
(ng/ml) extractper extract*
Mo mi(mg)
100 1 1.115
100 1 1.084 386.182 +2.76
100 1 1.112
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THINLAYERCHROMATOGRAPHY:

» ThinlayerchromatographyofEthanolicextractcontainingwhiteflowerof
Hibiscusrosa-sinensis L.

» Asmall spotofsample was placed onThin layer chromatographyplate bya
capillary tube, then it was introduced into the beaker containing the solvent.

» The Thin Layer Chromatography was performed to analyze both Flavonoid
and Phenol compounds in the sample.

» The experiment successfully separated the compounds based on their
differingaffinitiesforthestationaryphaseandthemobilephase,allowingfor
individual identification and characterization. The Rf values calculated and
compared.

Table4.5:Thinlayerchromatographyofflavonoid

SolventSystem Ratio Detector
(MobilePhase)

Toluene 4
Ethylacetate 2 UVchamber254nm
Formicacid 1

RetentionFactor(Ry)ofFlavonoid =0.81

Figure4.6:Thinlayerchromatographyofflavonoid
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Table4.6:Thinlayerchromatographyofphenol

MobilePhase Ratio DetectingAgent Standard
Butanol 4 Folin phenolic Gallicacid
reagent
AceticAcid 3
Water 2

RetentionFactor(Rs)ofPhenol=0.45

Figure4.7:Thinlayerchromatographyofphenol
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FORMULATION&EVALUATIONOF GEL:

FormulationofWhiteFlowerHibiscusGel:

Table4.7:FormulationofwhiteflowerHibiscus gel

S.No Ingredients FI:ormuIaélzonCodeF?’
EthanolicextractofHibiscus Active
1 rosa-sinensis L. (white | dient 10ml 20ml 30ml
flower) hgredien
2 PropyleneGlycol Humectant 10ml 10ml 10ml
3 SodiumBenzoate Preservative 10g 10g 10g
4 Glycerine Emollient 1drop | 2drops | 3drops
Gelling
5 Carbapol940 polymer 10g 10g 10g
6 Triethanolamine pHadjuster q.s q.s g.s
7 PurifiedWater Vehicle g.s g.s g.s
Methodology:
» AccuratelyweighedCarbopol940wastakeninabeaker(1)anddispersed with

A\

10ml of distilled water at 40° with constant stirring for 30 mins.

Inanotherbeaker(2)1gofsodiumbenzoateand10miofpropyleneglycol was

taken and dispersed in water.

Beaker(2&1)wastrituratedin mortar.

TriethanolaminewasaddedtoadjustthepH.

ThenethanolicflowerextractofHibiscusrosasinenisalongwithglycerine was

added.

Evaluationof WhiteFlowerHibiscusGel:

Appearance:

Thepreparedgelswereinspectedvisuallyforclarity,colourandpresenceof any

particle.
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Clarity:

The clarity ofvarious formulations was determined by visual inspectionand
it was graded as follows; turbid: +, clear:++, very clear (glassy): +++.

p":

The p" of gel was determined using digital p" meter. 2 gm White Hibiscus
gelwasstirredindistilledwatertillauniformsuspensionisformed.Thevolumewas made

up to 40 ml and pH of the solution was measured.

Homogeneity:
Alldevelopedgelsweretestedforhomogeneitybyvisualinspectionafterthe gels
have been set in the container for their appearance and presence of any

aggregate.

Spreadability:

It was determined by wooden block and glass slide apparatus for the
determination ofspreadability,excess ofsample was applied in between two glass
slides and they were compressed to form a uniformly thick layer of gel. Initially 10
gm weight was tied to the thread and left for 5 minutes, and then the weight was
increased by 1 gm at every step. The time required to separate the two slides, i.e.
the time in which the upper glass slide moves over the lower plate was taken as

measure of Spreadability.
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IN-VITROANTI-ARTHRITICACTIVITYBYBOVINESERUMALBUMIN(BSA)
DENATURATION INHIBITION ASSAY
Rheumatoidarthritisisanautoimmunedisorder.Oneamongthecausefor the
disease is due to the denaturation of the protein.Anti-Arthritic activity was studied

by inhibition of protein denaturation method.
Methodology:
» About100,200,300,400,500ug/mlofsamplewastakeninseriesoftest tubes.
» Toeachtesttube1%bovineserumalbuminwasadded.
» Thismixturewaspre-incubatedfor10-15minutes,followedbyheatingfor 20
minutes.
» Theresultingsolutionwascooleddowntoroomtemperatureand
absorbance was recorded at 660 nm.
» Acetylsalicylicacidwastakeninsteadoftestitemasapositive control.
The percent inhibition for protein denaturation was calculated using:

Percentageinhibition=100 -AbsorbaceofSample-Absorbanceofcontrol

Absorbance ofcontrol.

Figure4.8:Dilutionofcontrolandtestsample
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Table4.8:InhibitionofBovineSerumAlbumindenaturationassay

i Absorbance
Concentrations Average Inhibition%
(ng/mL)
| ! ]}
Control 0.137 0.140 0.134 0.137 0
100 0.065 0.065 0.058 0.063 54.258+0.0023
200 0.042 0.044 0.039 0.042 69.586+0.0015
300 0.031 0.029 | 0.031 0.030 77.859+0.0007
400 0.021 0.020 | 0.019 0.020 85.401+0.0006
500 0.013 0.012 0.011 0.012 91.241+0.0006
*meanofthreereadings +SEM
100
80
Z
O
= 60+
E y=0.0898x+48.735
E R?=0.9625
Z 40 =
S

20+

0

100 200 300

400

| 1

CONCENTRATION (pg/ml)

Figure4.9:CalibrationCureofBSAdenaturationassay
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Statisticalanalysis:

All data were denoted as mean * standard deviation (SD). Result were
obtainedfromatleastthreeindependentexperiments,eachperformanceinsinglet,
duplicate,andtriplicate.Statisticalanalysiswasdeterminedusingone-wayanalysis
ofvariance(ANOVA)by Graphpadprism6.0software. pvalueslessthanorequal to 0.05

were considered significant.
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CHAPTER -5

RESULT&DISCUSSION
RESULTFORANATOMICALCHARACTERIZATION

AnatomicalcharacterizationonreproductivepartofHibiscusrosa-sinensis
L. (white flower) describes theAnatomical features of mature ruptured anther with
typical characteristics associated with pollen release and reproduction function on
floweringplant.ltalsodescribesaboutthepentacarpellaryoveryhavingtypicaltraits

linked to flowering plant's growth and seed production.
RESULTFORPRELIMINARYPHYTOCHEMICALSCREENING:

Preliminary phytochemical screening of Hibiscus rosa-sinensis L. (white
flower)usingvariousextractlikePetroleumether,Ethylacetate,Ethanol,Aqueous
extract reveals the presence of Alkaloids, Flavonoids, Phenols, Terpenoids, and
Carbohydrate only in the Ethanol & Aqueous extract. So we have chosen ethanol
as a solvent for extraction because it has demonstrated superior capacity for
extracting a diverse range of phytochemical constituents, including alkaloids,
flavonoids,phenols,terpenoids,and carbohydrates,from Hibiscus rosa-sinensis L.
(white flower).

RESULTFORESTIMATIONOFTOTALPHENOLICCONTENT

EstimationoftotalphenoliccontentintheethanolicextractofHibiscusrosa-
sinensis L. (white flower) results in 386.182 £ 2.76 mg of GAE equivalent/gm of

extract.

RESULTFORTHINLAYERCHROMATOGRAPHY:

Thin Layer Chromatography was performed by using suitable solvent

system and it indicates that the Rivalue correlates with Rutin and Gallic acid.

RESULTFORPHYSICALEVALUATIONOFGEL:
Thephysicalevaluationsofanti-arthriticgelformulationsF1,F2, F3include
appearance,colour,clarity,pH,homogenicityandspreadabilityweremeasured.For F1,
theappearancewashomogenous, thecolourwaslight green, theclaritywas
++, pras 5.93+0.18, the homogeneity was good, the spreadability was 4.85. For

F2,theappearancewashomogenous,thecolourwaslightgreen,theclaritywas
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++, p"was6.66+0.13, the homogeneity was good, the spreadability was 5.02. For
F3,theappearancewashomogenous,thecolourwaslightgreen,theclaritywas

+++, p™ was 6.90+0.09, the homogeneity was good, the spreadability was 6.27.
From this F3 have the best Formulation which correlates with Range of pH,

Spreadability, Homogeneity.

Table5.1:PhysicalevaluationofwhiteflowerHibiscus Gel

S-No FORMULATIONS F1 F2 F3
1. | Appearance Homogenous | Homogenous | Homogenous
2. | Colour Light Green | Light Green | Light Green
3. Clarity(+,++, +++) ++ ++ +++
4. | pH 5.93+0.18 6.66+0.13 6.90+0.09
5. | Homogenity(Good\Bad) Good Good Good
6. | Spreadabilitygm.cm/sec 4.85 5.02 6.27

RESULTFORIN-VITROANTI-ARTHRITICACTIVITY:
TheF3HibiscusGelsampledemonstratedsignificantAnti-Arthriticactivity,
exhibiting 91.451% inhibition at a concentration of 500 pug/ml in the Bovine Serum
Albumin (BSA) denaturation inhibition assay. Additionally, the IC50 value for the
hibiscus gel sample was determined to be 14.087 pg/ml, indicating its potency in

inhibiting protein denaturation associated with arthritis.
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CHAPTER-6
SUMMARY,CONCLUSION&FUTURESCOPE

SUMMARY:

CHAPTER 1- Describes about the general introduction of herbal medicines,
biological complexity and its scope. Mechanism of action of phenolic compounds
suchasAnti-OxidantActivity, Anti-ArthriticActivity,Anti-Microbial, Analgesiceffects,

Immune response and Neuroprotective activity etc., Traditional medicines used to

cure arthritis and herbal market product for arthritis.

CHAPTER 2 - Talks about the evaluation of previous studies that have been
published on the creation and description of anti-arthritis gel. Additionally, the

literature on Hibiscus rosa-sinensis L. was reviewed with particular attention.

CHAPTER 3 - Explains about the aim of formulating gel using white flowers of
Hibiscusrosa-sinensisandevaluatingitsphysicalparameters.ltalsogivesanidea about

the future perspective of the formulated gel.

CHAPTER 4 - Describes the Anatomical characterization was done for the
reproductive part of the flower. It also includes the geographical source, collection
of flower, collection of plant sample, preparation of flower extracts, phytochemical
screeningoftheflowerextractsuchasalkaloids,flavonoids,phenolsandterpenoid.

Estimation of phenolic compound was performed. Thin layer chromatography was
performed for phenols and flavonoids. It also describes about the formulation of
herbal gel and its evaluation, physical evaluation such as measurement of pH,
appearance, spreadability, clarity, and homogenisity, etc.., were studied. /n-vitro
anti-arthritic study was estimated using Bovine Serum Albumin Denaturation
InhibitionAssaymethodandalsoacomparativestudywithacetylsalicylicacidwas

performed.

CHAPTER 5 - Provides an insight into the result obtained from phytochemical

screening,anatomicalcharacterization,thinlayerchromatography,estimationof
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totalphenoliccompounds,andBovineSerumAlbumin[BSA]denaturationinhibition

assay using the white flowers of Hibiscus rosa-sinensis.

CHAPTER 6 - Describes the summary, conclusion and future prespective of

research work of formulation and evaluation ofAnti-Arthritic gel.

CONCLUSION:

Rheumatoid arthritis is an autoimmune inflammatory disease and it is primarily
characterized by synovitis (inflammation in joints). Hibiscus flowers had been
traditionally used for curing various disease like Anti-Inflammation, Anti-Arthritis,
Alopecia etc. It is also used as immunomodulators.Anatomical characterization of
the reproductive part of Hibiscus rosa-sinensis white flower was performed.
AnatomicalcharacterizationofthereproductivepartofHibiscusrosa-sinensiswhite
flower provides insights into its morphological features and structural composition.
Phytochemicalscreeningofvariousextractofwhiteflowerrevealedthepresenceof
alkaloid, flavonoids, phenols and terpenoids.Among these compounds, flavonoids
are polyphenolic compounds that have been found to play a major role in reducing
inflammation. Tofurtherexamine, Thinlayerchromatographywasperformedusing the
ethanolic extract of Hibiscus rosa-sinensis white flower which proves the presence
of phenolic compounds. phenolic compounds are known for their
antioxidantandanti-inflammatoryeffects. Theyreducetheonsetandprogressionof
arthritis disease like Rheumatoid Arthritis. Phenolic compounds influence the
synthesis of inflammatory cytokines and autoantibodies that are involved in the
inflammatory process of arthritis. The extract's flavonoid and phenolic content may
help reduce inflammation in the synovial membrane, thereby alleviating the
symptoms of rheumatoid arthritis. Based on the phytochemical screening the
antiarthritic activity was proven in the ethanolic extract of Hibiscus rosa-sinensis.
Arthritis can be cured using various traditional system of medicines like siddha,
ayurveda, unani, homeopathy and naturopathy etc. Siddha system of medicines
focusesonimprovingdigestion,detoxification,andstrengtheningthebody'snatural
healingmechanisms.Ayurvedictreatmentsystemforarthritisfocusesonbalancing
thedoshas-Vata,Pitta,andKapha.Unanitreatmentforarthritisaimstorestorethe

balanceofhumors,eliminate wasteproducts,reduceinflammation,andstrengthen
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thejointsandmuscles.Homeopathictreatmentincludesconventionalmedications,

physical therapy, lifestyle modifications, and other complementary therapies.

Naturopathyaimstorestorethebalanceandpromotevitalityinthebody,mind,and  spirit.

Herbal marketed fomulations includes Simhanada Guggulu, Maha Rasnadi Kada,

Mahanarayan Tailam, Biofreeze gel,Arnicare Gel etc.

FUTUREPERSPECTIVES:

> Toevaluateinfuturebyusingbiologicalmethodssuchasin-vivostudyin wistar
rat with the formulated Anti-Arthritic gel.

> Itwillalsobeasourceforisolatingpolyphenolicphytoconstituents.

> It can also be incorporated with other Malvaceae species for preparing
polyherbal formulations.

> ThescopeofwhiteflowershelpsthefutureresearcherstoformulateNano
formulation with other hibiscus species.

> Researcher’s curiosity as increased their finding with herbal therapiesin
curing various diseases.

> WhiteflowersofhibiscusplayavitalroleasAnti-Oxidant,Anti-inflammatory
and immunomodulator.

> Toperformstabilitystudiesfortheformulatedanti-arthritic gel.

> In future the formulated gel can be customized to meetindividual patient
needsbasedongeneticmakeup,diseasephenotype,andother clinical
parameters.

> Formulatedgelcanbedevelopedintoimplantablegelsfor controlled drug
release.

> Conductingclinicaltrialstoevaluatethesafety,efficacy,andtolerabilityof
theformulatedAnti-Arthriticgelinhumansubjectswouldbeacrucialnext step
towards its clinical application and regulatory approval.

> Optimization of the formulation parameters, such as gel composition,

concentration of active ingredients, and delivery system, could enhance

thestability,bioavailability,andtherapeuticeffectsofthe Anti-Arthriticgel.
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