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ABSTRACT

Background: The therapeutic management of asthma relies heawaiy

bronchodilator and anti-inflammatory inhalers, whicalthough effective, often

require long-term use and can be associated witious side effects. Seeking
alternatives to mitigate or potentially eliminatbese side effects has led to
exploration of alternative and complementary mewicsystems, including the use of
medicinal plants in folklore therapy. While manypls have been traditionally used
for treating various ailments, their diverse ethi@ macological applications lack
conclusive scientific evidence for safe and rationse. Nevertheless, the
phytochemical composition of plants continues tovjgte a rich source of novel
chemical entities for drug discovery. Essentiad diérived from plants have long been
employed in traditional medicine for respiratoryfeictions and are now being
recognized in mainstream medicine for their thesipepotential in conditions such
as bronchitis, sinusitis, and asthma. These es$emils demonstrate anti-

inflammatory effects on the respiratory tract, dfig promising avenues for both

acute and chronic respiratory conditions.

Objective: The present investigation aimed to evaluate thigigcof the essential oil

of Mentha arvensis L. Origanum vulgare L, Moringa fdea, Zanthoxylum armatum,
Zingiber officinale, Angelica glauca, Alpinia galgem, Curcuma domestica,
Cinnamomum camphorand Cinnamomum aromaticunan exogenously induced

bronchoconstriction in experimental animals.

Methodology: The anti-asthmatic effect of these essential wits studied using
histamine aerosol-induced bronchoconstriction imga pigs and ovalbumin (OVA)

sensitised albino mice.



Results: Treatment with essential oils significantly (p ©@01) increased the time of
preconvulsive dyspnoea in histamine-induced gupigs. Oral treatment of essential
oils significantly (p < 0.001) decreased absolusi®ophil count, serum level of IgE
and the number of eosinophils, neutrophils in BAHistopathological examination

of lungs showed that essential oils rescinded Hrahasthma.

Conclusion: The present investigation provides evidence tlssehtial Oils relaxes

bronchial smooth muscles and suppressed immunalogisponse to OVA.

Keywords. GC-MS; essential oils; bronchorelaxation; essentiél composition;

immunosuppression; asthma.
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I ntroduction

1.INTRODUCTION

“An inflammatory condition of airways affecting ntigle cells & their
elements exerting actions, particularly masts cedigsinophils, T lymphocytes,
macrophages, neutrophils & epithelial cells is mefeé to as Asthma”. “Among
individuals who are susceptible, this conditionuts in recurrent episodes of
wheeze, breathlessness, tightness in the chesug§hc@specially in the dark or in

the early hours™.

This disorder affects the sensitivity of the neemdings in the airways,
making them easily motivated. It is caused by mit@ation of the lungs' air
channels. During an attack, the lining of the pgssays swells, narrowing the
airways & decreasing the amount of air that careretexit the lungs: Numerous
things, including medicines, dust, exercise, colid, a emotions, chemicals,
occupational stimulation, histamine, allergies, g&netics, might cause it. The
activation of “immunoglobulin-E-mediated mast aellease of interleukins” & other
inflammatory agents, is accelerated by these triggetors. For this reason, it is
evident from the illness statistics that the thgrap asthma requires the use of
medications that target cytokine inhibitors, nelignag antibodies directed against

IgE, histamine, leukotrene blockers, & so fotth.

WHO survey results indicate In 2019, asthma clairtied lives of 455,000
people worldwide, affecting over 262 million peagplieis the most prevalent chronic
illness in kids. Although asthma is present worldieyi the majority of deaths
attributable to the condition happen in developi&g impoverished nations.

According to estimates from the GINA, the prevakemé asthma in children who

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 1



I ntroduction

already wheeze increases by 50% every ten yeatdwide. Over the next 20 years,
there is expected to be a significant augment éngllobal asthmatic population due
to the predicted growth in the percentage of theldig population living in cities
from 45% to 59% in 2025. According to the phasd the International Study of
Asthma & Allergy in Childhood, asthma is more sevér low- & middle-income
nations than it is in high-income nations. India i@ crore asthma sufferers in 2006.
India's asthma prevalence is on the rise. Accortbnipe Chest Foundation of India
profile, out of 112 countries, 12% of children ionse parts of South India have

asthmd'®

For therapeutic management of asthma, inhalersafchodilators & anti —
inflammatory drugs are effectively used, but demiamd) term usage & is correlated
with several side effect$o reduce & probably stop these side effects, nieekcof
alternative & complementartype are sought.Alternative medicinal system &
folklore therapy utilized several medicinal plafbs treating several ailments. But
diverse ethno pharmacological utilization is yet to bengted with scientific
evidence for its safe & rational use. Also, Phytmstitution of plants frame new
sources of chemical entities in new drug discogef®me essential oils obtained
from greens are utilized in infections of respirgttract traditionally. Since recent

years they are also being used as ethmealicines & in cold$®*!

These essential oils are utilized in therapy aaleris for treatment of acute &
chronic bronchitis & acute sinusitis in the ethicdiscipline. It exerts anti-

inflammatory action on trachea & reduces asthma.

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 2



I ntroduction

Haldi; Curcuma domestica, (Zingiberaceae) The rhizomes contain pigment curoumi
sesquiterpines, sesquiterpeniods as germacrampolase guaiane & an essential oil
containing pinene, turmerone, sabinene, myrecesmjnene, limonene, cymene,
perillyalcohol, turmerone, dehydroturmerone, alantactone, curcumene &
cineole,sabinene, cineol, borneol, zingiberene ggederpenes. Analysis of rhizomes
also shows moisture, protein, fat, carbohydratéserf & minerals. “Minerals &
vitamin composition are calcium, phosphorus, iroarotene, thiamine & niacin”.
They are used to treat diabetes, gastric & duodelnals, viral hepatitis, jaundice &
for skin infections, antispasmodic, body ache, madierial, in arthritis, hepatitis,
menstrual disorders, anemia, rheumatism, boilshlasd purifier, conjunctivitis &
skin disorders. Its usage is also beneficial ingtowold, throat infections, bronchitis

& in asthmal®*

Dalchini; Cinnamomum aromaticum, (LauraceagEssential oil obtained from the bark
& leaves contain, eguenol, cineole, linalool, cagiene, humulene, safrole,
cinnamaldehyde, cinnamyl acetate, cinassiol, ewsr@thte, cumic aldehyde, dipentonides,
methyl euenol, camphene, benzaldehyde, geranioh&rgenesThe leaves are enriched
with minerals like calcium, phosphorus, iron, sadgiupotassium & amino acids like
thiamine, riboflavin, niacin & vitamins A & CThe root & bark is useful in asthma,
bronchitis, anorexia, colic, cough, chronic mastitlyspepsia, diminished appetite, fever,
gonorrhea, hiccough, inflammation, leprosy, skisedse, sinusitis, tuberculosis, tremors,

cephalagia & ophthalmitis or inflammation of ey&g:*

Kulanjan; Alpnia galangan, (Zingiberaceag Rhizomes contain tannin, starch,
chlorides, sulphates, phosphates & essential gitaio methyl cinnamate, cineole,

pinene & camphor. The seeds contain 7heptadecatty, &cids methyl ester,

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 3
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acetoxyeugenol acetate. Rhizomes are used in inmgre@wice, bronchitis, dyspepsia,
impotency, nervous debility, inflammation of livedjsease of kidney, respiratory
trouble, tuberculosis, in flatulence, colic, vomgj diarrhea, cancer, cramp pain &

back pain'®**

Pudina; Mentha arvensis Linn, (Lamiaceag Major components in the oil are
menthol, methone, methyl acetate along with terpdike pinene, thujene, camphene,
carvomenthone, limonine, menthofuran, isomenthdltagnic acid, aspartic acid,
glycine, alanine, lysine, valine, isoleucine, lewi phenylalanine, linalool &
geraniol”. The leaves & oils are used in treatn@river , jaundice, asthma, stomach
disorders, headache, rheumatic pains, as expetdpmsantifungal, antibacterial, in
nasal & bronchitis catarrh, cough, rhinitis, sotgoat, vomiting, dyspepsia &

diarrhea, joints pain, carminative & antispasmotfit?

Timur; Zanthoxylum armatum, (RutaceapThe essential oil from the seeds contains
dipentene, linalool, citral, methylcinnamate, pipev linalyl acetate, limonene,
geraniol, cineole, cymene, terpinene, camphor,aray fenchol, thujene, terpineol,
caryophyllene, monoterpene & enoic acid. The oilsnf leaves contain linalyl
acetate, sesquiterpenes, hydrocarbons, acids, Isheireeole, limonene, citronellal &
triscosane.“The bark & fruits are useful in asthma, bronchitelic, cough,
convulsions, cardiac debility, diabetes, diarrhégspepsia, fever, goiter, difficult
micturition, eye & ear disease, helminthiasiepatopathy, leprosy, leukoderma,

paralysis, skin disease, stomach disorder, tuntzsers & wounds™*>**

Adrak; Zingiber officinale, (Zingiberaceagp Rhizomes contain curcumin,
bergamotene, pamphenen, calamene, pinene, limomémeple, citral, citronellal,

linalool, zingerol, zingerone, amino acids like asgine & piperolic acid, ginger

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 4
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glycolipids, sulfonic acid, geraniol, geranyl adetgpohenylalanine, malonate, serine,
valine, leucine, isoleucine, glycine & arginin#. is used in anorexia, asthma,
bronchitis, cough, cold, dyspepsia, diarrhea, deratainting fever, inflammations,

edema, sore throat, urticarial, nausea, tuberaulokithe lungs, cardiac disorders,
hiccups, jaundice, kidney stone attack, bladddaimimation, morning sickness, piles,

toothache, antiemetic & anti-vertigo effects™

Oregano; Origanum vulgare Linn, (Lamiaceag Essential oils obtained from oregano
primarily constitutes monoterpenoi&smonoterpenes, but has a wide variation of
concentration of individual compounds based onrthetation & several other
factors. “More than 60 separate compounds are ifghtwith the principal
components of carvacrol & thymol in the concentmatof O over 80% & the lower
concentration compounds are cymeneterpinene, caryophyllene, spathulenol,
germacrene-Di-fenchyl alcohol &3-terpineol”.It is utilised in treating inflammatory
conditions, catarrh, headache, paralysis. The feave good for earache, bronchitis,
asthma”. The plant parts are used for hemicraniasl 8 used in rheumatism, skin

inflammation, sores, burns & wound healifig**

Gandrayan; Angelica glauca, (Umbelliferag contains lactones, sesquiterpenes,
cadinene, umbelliprenin, terpene & alcot®bots are used in wounds & gastric pain.

It used in dyspepsia, anorexia, spasm, flatuleric’s & bronchitis.****

Kapoor; Cinnamomum camphora, (Lauraceagcontains glycerides of lauric, capric &
oleic acid.lt is useful in hysteria & nervousness, diarrheasaular strains, rheumatic
condition, inflammation, smallpox, typhoid, whoogircough, hiccup, spasmodic
asthma, dysmenorrheal, mania, epilepsy, gout, &obih, chronic bronchitis & uterine

pains. It also used in various cardiac depressidf.
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Shigru; “Moringa oleifera, (Moringaceag oil contains myristic acid, palmitic acid,
oleic acid, stearic acid, behenic acid & lignocex@d”. “The bark contains presence
of sterols & terpenes”. “Amino acids were extracteam the leaf such as aspartic
acid, glutamic acid, serine, glycine, threoningnaie, valine, leucine, isoleucine,
histidine, lysine, arginine, tryptophan, cystinendethionine & also carotene”. It is
used in anti-diabetic, antispasmodic, antiemetitjpgretics, anthelmintic, wound,
boils, swelling, chronic rheumatism, intermitteat/ér, throat sores. It is also used in

cardiac stimulant in asthma, cough & similar disosd>**
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2.AIM & OBJECTIVES

The study aimed to assess anti-asthmatic activity of essentia oils by using

anima models.
IN-VITRO MODEL

1. Spasmolytic activity on guinea pig isolated tracheal chain.
IN-VIVOMODELS

1. Ovabumin induced sensitization in mice

2. Histamine induced bronchospasm in guinea pigs
PARAMETERSTO BE EVALUATED

1. Inflammatory cell count in BALF
2. Absolute eosinophil count (AEC) in blood
3. IgElevel in blood serum

4. Histopathology of lungs

» Polyessential oil formulation
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Review of Literature

3. REVIEW OF LITERATURE

RESPIRATORY SYSTEM>2°

The respiratory tract system provides for exchaofggases i.e. intake of ;O
(inspiration) & removal of carbon-di-oxide (expit) because cells continuously

use oxygen for the metabolism reaction that releass

ggy as ATP from nutrients &

carbon dioxide get eliminated.

Structure wise, respiratory system is made of tarmmonents:

1. The nose, pharynx & correlated structures form thmper part of the
respiratory system

2. The larynx, trachea, bronchi & lungs form the lowemponent.

Inflammation mainly occurs in bronchi & lungs. $et's discuss the histology

of above-mentioned parts.
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The Respiratory System

Adenoids

Sinus
Tonsils Nasal Cavity
Fhmeyrx Oral Cavity
Epiglottis Tongue
Esophagus Larynx
Trachea
Right Bronchus
Right
— Left Bronchus

Broi

Alveolus (Air

Pulmonary Vein

Capillaries

Figure 1. Human Respiratory System
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BRONCHI:

“The structure of bronchus starts with tracheading as the right & left
principal bronchi at the T5 vertebral cadre, rugninto both lungs, right & left

respectively”.

Bronchus on the right side is more vertically pthces short & wide when
compared to left. Because of this, any object wikchspirated has a greater tendency
in gaining entry & lodging in the right than theimpary bronchus. The right main
stem of bronchus cuts off into bronchus right upleée & bronchus intermedium.
The intermedium further branches into the middlkeel®ronchus right & lower lobe
bronchus right. The bronchus of upper lobes bramaf® apical, front & back lobe
bronchi. “Further the right middle lobe shoots @®tal & medial segmental bronchi,
while the lower lobe right bronchus branches imt® superior, medial basal, anterior
basal, lateral basal, & posterior basal segmemtaidhi”. The primary bronchi also
are made of incomplete cartilaginous rings like thechea which is lined by
pseudostratified ciliated columnar epithelium. Tihéersection at point of trachea
branches into right & left primary bronchi, a stwe named carina is found. Carina
is an internal ridge framed by a posterior & a kofdinterior projection of the last
tracheal cartilage. The mucosa of these structorend a sensitive area of the

laryngeal & tracheal structures, which triggeroagh reflex.

Changes in carina such as widening & distortioransalarming sign as it
reflects carcinoma of the lymph nodes in the arbares the trachea branches. The
ultimate branching named the respiratory bronchidieides again to form multiple
alveolar ducts. The functional units, namely alvdggin to appear at the mark of

respiratory bronchioles. This multiple division fimatrachea is similar to an inverted
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tree & is usually termed as the bronchial treee Wall of bronchi composes mucosa,
lamina propria, smooth muscle, & submucosa witbrspersed cartilage. Bronchi of
first generation are almost the same as eachnmstef histological appearance, apart
from the quantity of hyaline cartilage. The lumerencircled by the cartilage in the
trachea except the further branching of bronchijctvhis substituted by reducing

amounts of cartilaginous plates.

Bronchial mucosais constituted by pseudostratified ciliated columegithelium
mixed with goblet & basal cells. The epithelial Isebf respiratory tract is made of
basal bodies, referred to as terminal bars, fornairdark bank underneath the cilia

which are actually changed centrioles.

* Goblet cells do not have apical cilia but possessus granules in their
cytoplasm owing for mucin secretion. Goblet cellsnsity progressively
reduces from the peripheral areas disappearingheg approach terminal

bronchiole level.

» Basal cells are situated proximal to basal lamanthér from bronchi lumen.

Bronchial submucosais made of glands of mixed compound tubuloacingety
comprising greatly of cells secreting mucin & sexpocomposed of mucin, water &
electrolytes letting into the lumen of bronchtfs‘Ciliated cuboidal epithelium, thin
non continuous smooth muscle, & submucosal conreedissue is found in the
terminal bronchioles “A sudden transformation of low cuboidal ciliategithelial
cells to squamous respiratory epithelial cells mahe transition to an alveolar duct
from a respiratory bronchiole”. 2 main types oftheglial cells line the alveoli namely
type | & type Il. Flat cells made of large cytoptagorm Type | cells which are the

prime lining of alveoli. Granular pneumocytes, whiare Type Il cells are denser
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containing inclusion bodies; & are responsible $omrfactant secretion & alveoli
repairing. “Specialized cells like pulmonary ahaolmacrophages, lymphocytes,
plasma cells, neuroendocrine cells, & mast cells found in alveoli”. With

decreasing cartilage amount, smooth muscle amawreases. As there is no
supporting cartilage, the airways closed due toaeuspasms. An asthmatic attack

ensues forming a life-threatening condition.

LUNGS?™

Lungs are conical in shape, respiratory organat&tlin the thorax in pairs.
Heart & other mediastinal structures separate tfiemm each other, dividing the
thoracic cavity into two separate anatomical chasbBecause of which, if either
lung collapses due to trauma, the remaining onamg “A double layered serous
membrane encloses & protects the lungs known asglenembrane & the thoracic
cavity wall is lined by a superficial layer callpdrietal pleura & the visceral pleura is
the deeper layer covering the lungs itself”. Alditspace is present between the
parietal & visceral pleurae called the pleural tawdontaining a little quantity of

lubricating fluid secreted by the membranes.

The friction in the mucosal membranes is reducedtdyleural fluid, making
them slide comfortably over each one while breathirhe fluid also ensures that the
membranes adhere to each one like a water filrRisjawo glass microscope slides,
the phenomenon is termed is surface tension. Blo¢h right & left lungs are
capsulated by different pleural cavities. Pleursy pleuritis, which is pleural
membrane inflammation in its early stages can tesulpain because of friction
between the pleural layers. Pleural effusion caultdaf inflammation continues by

resulting in excess fluid accumulation in the p&pace. The lungs rest against the
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ribs in the front & back extending from diaphragiigtstly superior above the
clavicles. The base of the lung, which is the iisiebroadest portion is concave &

snug fits the convexity of diaphragm. Apex is theevior narrow lung portion.

Though the right lung is thick & broad, it is létmaller than the left as on the
right part, the diaphragm is higher to accommodhate liver lying inferior to it.
Thorax is almost filled by the lungs. The lung apeypresent superior to the medial
third portion of clavicles, & is the only region wh can be palpated. Against the rubs
lies the anterior, posterior & lateral surface wids. The lung base spreads from the
6™ costal cartilage in the anterior region to thethethoracic vertebrae’s spinous
process in the posterior aspect. From 5cm belowluthg base, the pleura extends

from 6" coastal cartilage anteriorly to"12b in the posterior region.

Hence, the pleural cavity is not entirely filled blye lungs in this region.
Thoracentesis, a procedure is followed to remoweesx fluid in the pleural cavity
without any injury to lung tissue by only insertireg needle from the seventh
intercostal space anteriorly. The needle flowsuglothe lower rib’s superior border
to prevent injury to intercostal blood vessels &wes. The risk of diaphragm

penetration arises when passed inferior to thergkvetercostals space.
ALVEOL| 1920

Numerous alveoli & alveolar sacs are present cisaribing the alveolar
ducts. Alveolus is the shape of cup structure withple squamous epithelium lined
& is guarded by thin elastic basement membrane; awaonore alveoli forms the

alveolar sac which shares a single entry.
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The alveolar walls are made of two varieties okalar epithelial cellsType
| alveolar cells, are more in number, which is lined by simple sqoasnepithelial
cell in a continuity along the alveolar waBeptal cellswhich aretype Il are lesser
in quantity which is found interspersed with typedlls. The principal site of gas
exchange occurs in type | alveolar cells. The tiipenes are either rounded or of
cuboid shaped epithelial cells containing microvidh the free surface, secreting
alveolar fluid keeping the cell surface & air moistcompound mix of phospholipids
& lipid proteins, namely the surfactant is alsoridun the alveolar fluid known as
surfactant. It helps to keep the surface tensiaretpreducing the alveolar tendency
to collapse, thus maintaining its patendyeolar macrophages (dust cellsare the
phagocyticcells, also located in the alveolar wall which resadine dusty particulate

matter & debris from alveolar spaces.

Along with these fibroblasts are also present whprbduces elastic &
reticular fibers. An elastic basement membraneresgnt under the type | alveolar
cells. The alveoli’s outer surface a network ofiltapes disperses into the lobule’s
arteriole & venule consisting an endothelial calfulayer & basement membrane.
Oxygen & Carbon dioxide gases exchange betweerutige space & blood by the
process of diffusion via the alveolar & capillaryag, that cumulatively form the

respiratory membrane.

“The respiratory membrane comprises 4 orders, ftlmenalveolar air space to blood

plasma”:

1. “Alveolar wall constituted by a single layer of alveolar celldygfe | & 1l &
alveolar macrophages”.

2. “Underneath the wall of alveoli is tepithelial basement membrane”.
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3. “A capillary basement membranewhich is usually fused to the epithelial
basement membrane”.

4. Thecapillary endothelium.

Though there are several layers, the mucosal memalofthe respiratory tract
is pretty thin — about 0.5 um dense, & 1 ["tBe diameter of RBC so as to let fast
diffusion of gases. An estimation of about 300 imill alveoli to be present in the
lungs, giving a greater surface area of 70 m2 {Z50~hich is just the size of racquet

ball court to allow exchange of gases.
ASTHMA 22

“This inflammatory disorder results in recurring isgmes of wheezing,
breathlessness, tightness of chest & cough, eslyediaring the early morning or
night in those individuals who are susceptible.” eThusual symptoms are
bronchoconstriction of reversible nature, increabadal airway tone, lymphocytic
activating & accumulating, smooth muscles hypetigopfibrosis of submucosal
fibrosis, edema of airway wall, excessive mucusretem & occurrence of non-
specific airway hyper responsiveness to particsggrsmogens. No therapy exists for
asthma, but it is only looked after with approigeatment, helping people to lead a
normal active life. The airways or breathing passagre greatly sensitive due to
variety of stimuli. These extra- sensitive airwdyscome red, swollen & twitchy

which undergo spash.

Asthma can no longer be viewed simply as “revees@éiway obstruction” or
“irreversible airway obstruction”. This condition ust be considered as “an

inflammatory illness with bronchial hypersensitwit& bronchospasm.” This
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inflammatory disorder of chronic type affects thespiratory passage & is
characterized by enhanced mucosal secretion & hygsponsiveness of airways
caused a reduced air flow & highlighted by recwgrattacks of wheeze, cough &
breathlessness. This disorder has a multifactaréalse correlated with allergic,

infectious, genetic, environmental emotional, &ritidnal components.

It is an inflammatory condition affecting the aiagsages of the lungs &
affecting the nerve endings sensitivity which getated easily. The passage linings
get swollen in the process of an attack resultinghe constriction of airways &

reduction of air flow to the lungs.
PREVALENCE *%%#

Asthma affects 3.5-20 % of masses in all countri€ke evidence in
prevalence of asthma in the previous 25 yearsusdo vary because of changes in
surroundings, as our genetic constitutional makeapation might take many
generations to occur. The occurrence of asthmeestey in urban areas compared to
rural areas. It has been reported that in India 40% 7 years children’s & 47.8% of
13-14 years children are found to have asthma &insprevalence was observed till
2010. WHO survey states that approximately 235 milliorpylation globally are
presently suffering because of asthmatic condittemongst children, it forms the
greatest common chronic disease. Majority of astltntausalities are seen in under
developed & developing nations batsthma exists in all parts of the world.
Worldwide, deaths from this condition have reacbgdr 180,000 annuallyGlobal
initiative for Asthma (GINA) estimate suggedtsat asthma prevalence of current
wheezing in children raises worldwide by half evdapn years. Expecting an

exponential increase in the global urban populat@mrb59% from 45%, there is a
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likelihood for a significant increase in asthmatiembers globally in the coming 20
years It is put forth that asthma accourfits about 1 in every 250 deaths worldwide
& there could be an extra 100 million people aféecwith asthma by 2025
Problems of this condition aggravated in industt@lntries & still it is increasinm
prevalence & severity worldwide. Some chest spmstglconsider increase in
morbidity in asthma is attributable to non-optinaglplication of currently available
therapy.

ETIOLOGY **%

Significant risk factors in development of asthm& @he compliment of
genetic pre-disposition factors with exposing teimmmental inhaled substances &
particulate matter provoking allergy or cause atign of airways like indoor
allergens such as household dust particles, mitg#ytion & pet dander. External
allergens like pollens & moulds, environmental @ smoke, irritants of chemical
origin in the work station, air pollution. “Asthmatcondition is complex & is
multifactorial involving interplay between genefactors & environmental stimuli”.
“Candidate gene/loci studies have suggested linkhgeopy & nonspecific AHR to
different chromosomes”. Chosen genes amongst thesewhich are probably
intricate in susceptibility for asthma will be:

5q: “interleukin (IL-)-3, IL-4, IL-5, IL-6, IL-9, L-12, IL-13, transforming

growth factor (TGF)$1, CD14, granulocyte macrophage colony stimulating

factor (GM-CSF), catenin, fibroblast growth facfigrglucocorticoid receptor,

& 2 —adrenergic receptor”.

6p: “HLA complex & tumor necrosis factor (TNIe):

11qg: “FeR1 & Clara cell secretory protein (CC16)”;
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12q: “interferon (IFN)+, IGF1, Glutathione-S-transferase, nitric oxide
synthase (NOS1), leukotriene A4 hydrolase, seleltihgand, & mast cell
growth factor”.

13q: “esterase D”;

14q: “TCRa/6 complex”;

6p: “a chain of the IL-4 receptor”.

Pathogenesis of asthma mainly leads to the distalbaetween TH-1 & TH-2

phenotypes. Type 2 helper T cells are a type of £Dédlper T-cells & they are

significant part in inflammation of bronchus. “Elper type (Th2) cells has a key

part in initiating & maintaining airway inflammatiodue to allergy & asthma via

enhanced secretion of cytokine Th2-type (IL-4, IL&SIL- 13).” Th2 cytokines act as

mediator for action series in the inflammatory nate resulting in developing

allergic asthma.

Eosinophils are the predominant inflammatory dellasthmatic lung tissues.

PATHOGENESIS?3?7-29

Inhaled spasmogen like allergens, irritants, meégi(aspirin & B blockers)
produce early asthmatic response

Imbalance between TH-1 & TH-2 phenotypes

“Th2 helper Tcells secreting Interleukins which sensitizes inflammataf
allergy & B-cells stimulation for production of Ig& allied antibodies”.

IgE antibody sticks to mast cells via Fc receptors.

The reactions arise as a consequence of granuldratoes release (e.g.

histamine & 5 hydroxytryptamine) i.e. mainly proéusmooth muscle
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contracting bronchi, gut & venules; dilation of dEpy & vascular
permeability; enhanced mucus secreting.

* Mediators which are newly synthesized (e.g. leukn& prostaglandins &
platelet activating factor) which causes bronchstaction; increased mucus
secretion & venule permeability.

» Cytokines such as interleukins & tumor necrosistdacare leads to

Inflammation, tissue remodelirfg.

Phosphodiesterase (PDEs) are an enzymatic fantiéyyeang metabolization
of intracellular cyclic nucleotides, c-GMP & c-AMBxpressing in diverse cell
varieties & in regards to respiratory disorderutilize PDE3, PDE4 & mixed PDE3/4
inhibitors providing clinical uphand to asthmatiatient or COPD patients. Currently
11 PDE families & a minimum of 21 isoforms contagimany variants of splice
characterize into different structure, substratecHjeity, selectivity of inhibitors,
destruction of tissue & cell, kinase regulationemction between protein- protein &
distribution at subcellular level. But, PDE 3 & ¥ 4 when targeted, cyclic AMP

metabolizing enzymes & smooth muscles of lungs f@ainmatory cells”’

Monocyte-derived cyclic AMP-PDE from atopic derntiati patients.
Monocytes working on protein with increased PDE ivagt improved this
population's function. Atopic dermatitis diseases #hought to start here. However,
blood leukocytes from mild or severe atopic indiats did not increase soluble

PDE4 activity?®

In mild asthmatics, peripheral blood monocytes poedl more PDE.
“Activated macrophages continuously and overtlyegate inflammatory mediators

like prostaglandins and leukotrienes during inflaation. Cyclooxygenases (COX-1
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& COX-2) and lipoxygenases (LOXs) influence prosaagin and leukotriene
production. It is believed that COX-1 is the congively expressed isoform and that
prostaglandin synthesis mediates basic bodily msE® In many cell types,
cytokines, mitogens, endotoxin, and tumour pronsoieduce COX-2 expression.
COX-2 activity produces prostaglandin E2, which isvolved in several
pathophysiological processes, including pain arnmmation. Arachidonic acid is
converted to leukotrienes B4, C4, D4, and E4 by(pxXL “Leukotriene B4 forms
highly potent vasoactive and leuco tactic mixtureducing leukocytic entry to
inflammation site, neutrophil lysosome release,estin molecule expression, and

plasma leakage”.

TNF-o plays a crucial role in asthma aetiology. Asthosmsecrete TNF into
the airway during asthma attacks, and their BALRtams more TNF mRNA and

protein than non-symptomatic asthmatics.

Data literature highlights that asthma pathogengsimarily focuses on
genetic factors & lesser for the disbalance of phges TH-1 & TH-2. This balance
is delicately held between genetics, respiratofgations, uterine atmosphere, diet,

occupational & environmental exposire.
Genetic Factors:

Way back in 1860, familial aggregation of asthmaswdentified as the
mendelian inheritance pattern was not applical@ahstrating that responsiveness
to methacholine has a bimodal distribution in asttiefamilies. Around 27% of non-
specific bronchial responsiveness has shown irareré property. It is reported to be

87% in those families with a single asthmatic patéfence, data consensus has
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concluded about the inheriting pattern either reiees autosomal, codominant,
dominant & polygenic. “Though gene loci & candidajenes in the interior &
exterior of loci is correlated with phenotypes sftama phenotypes (serum IgE levels,
atopy, AHR & asthma), asthma related major susb#ipti genes is not yet

determined’®®

ASTHMA — CAUSES?®0-32

Environmental triggering factors which are most owoonly leading to

asthmatic attack are allergens due to exercis@nts & viral infections.

Irritants such as smoke from cigarettes, change in weathasldiblast, intense smell
from painting or cooking, scented products, stBessrongly expressed emotions like

crying or laughing hard.

Others like Medicines like beta-blockers & aspirin, sudglpresent in food like dried
fruit & beverages like wine. Gastro esophagealsetiondition resulting in heartburn

will worsen the symptoms of asthma.

SYMPTOMS: 3!

» Wheezing: An asthmatic attack always starts as wheeze &Wessthing, &
with it progressing, it shows visibly active breathmuscles.

» Shortness of breath (dyspnea): Major distress in asthmatic patient is due to
shortness of breath, though severe dyspnea wilhecessarily mean a serious
attack or decreased lung function.

* Coughing: Non productive cough is the first symptom expergzhby some

individuals.
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» Chest tightness (pain): An early indication of asthmatic attack is tightness
of chest minus any miscellaneous symptoms. Tightermif neck muscles
along difficulty in talking is seen. In a majoritf patients, chest pain occurs
which can be severe, though its magnitude mightaatwally be related to
asthmatic attack severity itself.

* Rapidheart rate & excessive sweat.

 Cough marks the end of the attack with productidn tlick mucus.
Inflammation generally remains for days to weeksrahe initial attack minus

any symptoms.

PHYSICAL EXAMINATION 3!

Examination mainly depends upon principle like mspn, palpation,
percussion, & auscultation. It helps to recognizegl abnormalities & also reflect

underlying lung diseases.

* Ingpection- breathing pattern & rate along with lung expansaepth &
symmetry are noted.

« Palpation- lung expansion symmetry can be evaluated, usutdipgng the
results as seen during inspection.

* Percussion- Examiner assesses tissue dullness or relative aaserbeneath
the chest wall.

» Auscultation- the investigator looks for the intensity & qualibf breath
sounds & also looks for any extra & adventitiougces likes rales, wheezes &

rhonchi.
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Crackles are those sounds presenting as discontinuous, lyisnapiratory caused
when small airways or alveoli open & shut duringpieation. This is often cofounded

along with interstitial lung disorder, micro atetiesis or liquid filling into alveoli.

Wheezes are usually more promiscus while expiring than inisg air, which reflect
the airway walls oscillation occurring in case afflaw limitation, which may be
caused by bronchospasm, edema or airway collaps@yopbstruction to lumen by

neoplasm or secretions.

Rhonchi is sound produced by the presence of liquid in lumieairways. A vibratory

low — pitched sound is created due to viscousaten of free liquid & moving air.

Clinical measurements demonstrated (1) reduced mamri expiratory rate & (2)
decreased timed expiratory volume. Cumulativelgsthtogether result in dyspnea, or

“air hunger.”

TYPES OF ASTHMA 3323
1. Extrinsic
a) Atopic
b) Occupational
¢) Non- atopic
2. Intrinsic (ldiosyncratic)
a) Drug induced
b) Exercise induced

3. Mixed
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1. Extrinsic asthma

Hypersensitivity reaction of type | initiates thisie to allergic exposure or

environmental triggers like dust, animal dandargjds, viruses & chemicals.

a) Atopic asthma:

It gets triggered by antigenic environmental fagtitke dusts, pollens, animal
dander & foods. While airway inflammation in atogisthmatics is characterized by

an increased number of eosinophils, mast cellslgmiphocytes.

b) Occupational asthma:

This is triggered by fumes, organic & chemical duspases & other
chemicals. In genetically susceptible individuadiergens interact with dendritic
resulting in stimulation of B- lymphocytes to difémtiate in to plasma cell which
produce IgE antibodies. Also allergens attach tgtrmoall &eosinophils, resulting in
discharge of different inflammatory mediator sucls aysteinyl-leukotrienes
(CysLTs), eosinophil major basic protein (EMBP)si@ophils cationic protein (ECP)

which causes bronchospasm & airway inflammation.

c¢) Non-atopic asthma:

Viruses of respiratory infection origin such asndviruses, Para influenza
triggers them than the usual bacteria which aralyswvokers. A higher number of
neutrophils & mast cells are mainly found in notepac asthmatic individuals.

2. Intrinsic asthma

It is initiated by various, no immune mechanismalwing aspirin ingestion,

infection of pulmonary system, cold, irritants whiare inhaled, stress & workouts.
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Intrinsic asthma can result due to dysbalance éenparasympathetic & sympathetic
airway responses. Acetylcholine released by PNS&Itee®8roncho constrictors &

sympathetic nervous system by stimulating adenglase cause bronchodilators.

a) Drug induced asthma

Aspirin triggers asthma in aspirin sensitive indiv@ls by inhibition of
arachidonic metabolism regulated by COX pathway hait affecting the
lipoxygenase route, hence tilting the balance faonbho constrictor leukotrienes

elaboration.

b) Exercise induced asthma

It is defined as a constricting of the airway Hyiedr bronchospasm that’s

induced by vigorous workout.

3. Mixed asthma

Most individuals do not categorize into either gatges & is characterized by
mixed features of the above. These individuals asthma in the earlier life
possessing a strong allergy component but thotfeeai developing the disease in the

later life have a tendency to remain allergic.

DEVELOPMENT OF ASTHMA

Asthma, especially allergic type progresses invases:

1. Immediate phase (sensitizing)

2. Late phase (Delayed response)
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1. Immediate phase of asthma

This phase is initiated by mast cells which are $gsitized on the mucosa,
resulting release or mediators which expands theadellular tight junctions of
mucosa & increases antigenic penetration to the ymamast cells present in
submucosa. Additionally, vagal receptors presentsitepithelial is stimulated
directly provoking bronchial constriction via loc& central reflexes. Late phase
reaction is staged by these inflammatory cellstiah4 to 8 hours after & remaining

for half to full day further.

2. Late phase of asthma

A great number of cytokines are released by epithetlls after a reaction to
infectious agent, drugs, gases & mediators of imffeation. Second wave mediators

stimulate late reaction.

SIGNALLING PATHWAYS *

Innate immunity activation is decided by Toll-likeceptors (TLRs) by
recognition of particular patterns of micro-orgamisomponents. It was in Drosphilia
that initially toll receptors were identified asn@cessary receptor for establishing
dorso — ventral pattern in embryos which are dgueth Hoffmann & co-workers in
1996 showed that flies which were toll mutated bibd great susceptibility to fungal
infection. This data provided knowledge that immuwsystem, in specific the innate
immune system provides a skillful method in detacttof microbial invasion. Tir4
gene is responsible for inflammatory response. \&éein mammals have similar
gene called TLRs which contain 10 members (TLRITt®10). It has similar like

interleukin receptor therefore it is called Tolltddeukin Receptor (TIR). “TLR
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signaling pathways arise from intra cytoplasmic T{fll interleukin receptors)
domains, that are conserved among all TLRs. TIRalo+oontaining adaptors, like

MyD88, TIRAP & TRIF modulate TLR signaling pathwdys

MyD88-

A pathway common to every TLRs is MyD88-dependem¢ & it is also
unique to signaling pathways of TLR3- & TLR4. MyD8@&s in the portion of C —
terminal a TIR domain & in the part of N — termirsatiomain of death. MyD88 & its
co-variates with the domain of TIR of TLR s. Wheimsilated, MyD88 includes IL-1
receptor-associated kinase (IRAK) via interactiogit.Rs the death domains of the
two molecule. Phosphorylation activates IRAK & aftattaches with TRAFG,
resulting in activation of separate identity sigm@l pathway which ultimately

activates JNK.

MyD88-independent pathway —

Stimulation of LPS results in transcription factftF-3 activation, which
further induces of IFNg. Stat 1 gets activated by IFN — i causing inducragous

IFN — inducible genes.
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response response

Nature Reviews | Immunology
Figure 2. Toll like receptor Signaling Pathway
TIRAP is adaptor protein present in ¢ terminus of TIRs ftesponsible for producing

of inflammatory cytokine. It is essential in MyD88pendent pathway.
MANAGEMENT OF ASTHMA 34

Asthmatic condition is a chronic lung disorder swyiided by acute
constriction of bronchus episodes resulting in thleasness, coughing, tightness of
chest, wheeze & rapid respirations, that is infaegh by several genetic,
environmental & developmental factors affectingagee than 300 million population

globally, with one in four children in urban poptite affected.

Therefore, management with various methods is &asefreatment of asthma is

divided into major 2 types:
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1. Allopathic medicines

2. Alternative therapies

ALOPATHIC MEDICINES 3436

Wide array of drugs & dosage forms are developed$thmatic treatment in
long term symptoms, decrease the quantity & intgrsi asthmatic exacerbation &

reverse the airflow obstruction. Quick relief bydreation includes.

1. B Adrenergic Agonist

Eg. Terbutaline, Albuterol, Metoproterenol, Salroétr

“B adrenergic agonist reduces smooth muscle toneskgd@nyl cyclase cyclic AMP
pathway & another mechanism is to increases coaduetof Ca + which sensitive to
K+ channel in airway smooth muscle which has shgwimembrane

hyperpolarization & leads to airway relaxation”.
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Figure 3. Mechanism action of§ adrenergic agonist

2. Glucocorticoids

Eg. Beclomethasone dipropionate, triamicinoloneoaizke, Budesonide

Modulation of cytokines, production of chemokines sfgnificantly stops
accumulating basophils, eosinophils & other c #&llgissue of lungs showing anti-
inflammatory effect. When glucocorticoid/glucocodid receptor complexes get
directly bound to glucocorticoid elements, it meeseffects of anti — inflammation
in promoter location of genes or by interplayingsttprocess with different
transcription variables, specifically causing aa&tion of protein 1or nuclear factor-

kappa beta.
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3. Leukotriene Receptor Antagonists & Leukotriene $nthesis Inhibitors

Eg. Zafirlukast, Montelukast, Zileuton

Leukotrienes forming is dependent on lipo — oxydgemaof arachidonic acid
by 5 — lip — Oxygenase. Leukotrienes are the ingmartinflammatory mediator
therefore leukotrienes inhibitors have inhibits ypdxygenase enzyme activity &

block all 5- lipoxygenase products. (Figure 3)

4. Anti IgE therapy

Eg. Omalizumab

IgE antibodies are produced by B cell lymphocyteasportion in IgE chains
bods with greater affinity towards receptors of meslls & basophils present in
plasma membrane. The allergen reacts with the IgiEhwis cell bound resulting
FceRI cross linkage & activation of cell. Free IgE geat in the serum neutralizes
Omalizumab by getting bound to heavy chains of ileasin order to form IgE-anti—
IgE complexes of high affinity. This helps in pretien of IgE from getting bound to

FceRlI, resulting in blockage of cell activation whiishallergen induced.
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Figure 4. Mechanism action of Leukotriene ReceptoAntagonists & Leukotriene

Synthesis Inhibitors.
NON- SELECTIVE PHOSPHODIESTERASE INHIBITORS 3738

Phosphodiesterase’s (PDEs) forms an enzymatic Yarodtalyzing the
metabolisation of intracellular cyclic nucleotidesGMP & c-AMP which get uttered
in diverse cell categories with respect to respmatdisorders. Now it is also
identified that utilization of PDE4, PDE3, & mixedDE3/4 inhibitors will give

therapeutic benefits to asthmatic patients or CO®PBe orally active PDE4 inhibitor
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Roflumilast-n-oxide has been accepted for therapyexireme manifestations of

COPD as complimentary to conventional treatment”.

ALTERNATIVE SYSTEM 342

1. HERBAL THERAPY

Alternative system in treating asthmas has alwassduherbs for natural
therapy. Considering the healing view from natuasthmatic conditions is a
reflection of health in system such as respiratogryous & immune. This suggests
that is solutions are aimed for long term, themiist treat adrenal, lungs & nervous
system. As per Ayurveda, herbal effects liquefy thecosal bronchial secretion &
facilitates cough expectoration. The elements dfa/#®itta & Kapha symbolizing air,
fire & water are traditionally utilized to cure agiu & asthmatic conditions.

Bronchioles inflammation is also reduced.

Many different herbs are used to treat asthma like;

Adhatoda (Adhatoda vasich Bitter Gourd Root (Momordica charanti®
Coltsfoot (Tussilago farfary, Chinese Skullcap (Scutellaria baicalens)s Figs
(Anjeer) (Ficus carica), Garlic (Allium cepd, Ginkgo Biloba (Ginkgo bilob3,
Grindelia (Grindelia spp), Indian Gooseberry (Emblica officinali3, Linseed
(Linum usitatissimur)y Licqorice (Glycyrrhiza glabra)Mustard Oil (Brassica spp
Turmeric (Curcuma longy Elecampane (Inula heleniun, Skullcap (Scutellaria
lateriflora), Valerian (Valeriana officinali3, @ Kaempferia  parviflora

(zingiberaceae). This type of herbs are used atitrg asthmatic patients.
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NUTRITIONAL THERAPY 404!

Antioxidant foods & supplements: Lower consumption of nutrients containing
antioxidants such as Vitamins A, C, E & trace elet# Selenium might enhance the
odds of lung damage. Contrarily, individuals whdgs had higher Selenium such as

fish, eggs, chicken, liver & garlic presented wadlver asthmatic attack.

Fish ail: Anti — inflammatory effects of cold water oily figfontaining Omega-3 fatty

acids can benefit in asthma.

Supplements: A disbalance in immune system results in allergiise possible
allergens could be enzymes, fatty acids, mineralsit&émins which might cast a
significant role in maintenance of better immun&ysometimes can even relieve

allergic reactions.

Enzymes. Immune system function is stimulated by Co-enzymE) @Qvhich is a
strong antioxidant, by moving of energy, enhanaetular metabolism efficiency &
is good for asthma, allergy & low immune resistarE@aturally occuring substance,
Co-enzyme Q10 is reported in every asymptomatsuésin the body, isn’'t seen in

pathological or infected tissue.

Fatty acids: FA prove to be significant for immunity as they dease allergic
response associated inflammation by helping to ywedprostaglandins countering

inflammation.

Minerals: Nutrients important for sufferer of allergy areaam & magnesium. They
facilitate in relaxing an over reactive nervousteygs In treating allergies, sulfur helps

either due to environmental of food / drug allergen
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Vitamins: Vitamin A is formed in the body by beta carotendichk helps to heal &

sooth mucus membrane which are irritated. The griteantihistaminic property of
Vitamin C marks it a classical therapy for allergycopherol is also a strong anti -
oxidant which facilitates to defend body cells be taction of free radicals. It even

cures respiratory disorders & pumps the immunitgetend against infections.

LIFESTYLE THERAPY 4041

Lifestyle can prevent an attack of asthma

» Air conditioner usage can reduce the quantity dfgps which are airborne
from trees, grasses & weeds which can easily giiadrs & hence keep the
indoor atmosphere clean.

* Maintenance of optimal humidity

* Reduction of pet dander

» A face mask is helpful if asthma gets aggrevateddig, air. Face masks are
to be worn if asthma gets worsened by dry air ¢d.co

» Self care of oneself. Conditions linked to asthmast be treated & kept
under control. Measures include:

- Heart & lungs to be strengthened by exercising ety that facilitates in
relieving symptoms of asthmatic attack.

- Consumption of greens & fruits could enhance lungction.

- Regulate GERD

ACCUPUNCTURE

Needles of thin size are placed at certain stratpgints of the body in this

technique, which is usually painless & is saf&i’, which forms the balance
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dictating energy flow balances it, via mediums &ridians in the body. lliness can
occur, if this flow of energy gets blackened orweakened. Every individual is
carefully assessed by the acupuncturist to findlmeisource of blockages. Fine needs
are inserted at particular points in the body reférto as acupoints, in stimulating

energy flow & correcting imbalance, if any.

ESSENTIAL OILS %346

Essential oils from plant extracts have their usagefolk medicine &
preservation of food since ancient times. They as® a storehouse of naturality
origin secondary metabolites along with a wide yarcd biological action. Any
product got by distillation in means of hydro, stear dry types by suitable method
minus plant healing. Essential oils are made of Wwioation of natural & volatile
materials, symbolized by smell & given by plantsthwaroma as metabolites of
secondary form. exist in liquid state, volatileée aolored rarely, lipid & solvent
soluble which is usually of low density than wafEhese are taken out from several
aromatic plants usually found in temperate to waations such as Mediterranean &
tropical areas. They have a complex composite cisingr terpenes along with
monoterpenesa & sesquiterpenes. But even, allyl-pri&penylphenols (phenyl
propanoids) form significant make of certain essgils.

» Essential oils demonstration anti-inflammatory effey inhibition of leukotriene
production.

* Inflammation, RNS is generated. Nitric oxide & peypitrite anion is formed in
major amounts by the inducible nitric oxide syn#®sin activate form

macrophages & neutrophils in the immunological &ease actions.
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* Protein modulators are ROS & RNS & regulators fquression of key cytokines
include ion channels, membrane receptors, & traosmn factor, along with
nuclear factomB.

» They also have a great bearing in free radicalgesging & anti — inflammatory

property.

Mechanism Action of Anti-Inflammatory Effect of Essential Oil*’

A PUFA, namely Arachionic Acid (AA) gets releaseitiea being stimulated
by various factors of inflammation via cell membean PL A2. The above said acid
under the action of COX & LOX enzyme pathways geestabolized into various
eicosanoids like PGs & LTs playing a critical partinflammation. A transcripory
regulator, NF«B is made of proteins — homo & heteroimers. ®B-is laid in latent
version in the cellular cytoplasm to form complexeih inhibitor protein, ¥B. 7
family members of B are detected, incudingB-o. When NFkB gets activated,
IkB kinases (IKK) phosphorylatexB-o resulting in kB, degradation which is
dependent on proteasome, allowing a quick transtwtaf NF«B to nucleus further
binding to DNA. p65: p50 is the important NdB- dimmer which activates it.
Various pro — inflammatory genes like cytokinesr@diicible enzymes is resulted due
to p65: p50 translocation. Figure 4 demonstratessite of EO or their parts being
detected which act as agents of anti-inflammatdmethod combining gas liquid
chromatography & mass spectrometry to determin@warsubstance present in the
compound is Gas chromatography—mass spectrome@yM6). It serves the purpose
of detecting the essential oil properties & is usedetection of drugs & identifying

not known samples.
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Figure 5: Mechanism action of Essential oils for Ati-inflammatory activity
ANIMAL MODELS- Standard procedure followed as per refréfick
1. Tracheal chain modeltn Vitro
2. Ova induced asthma modelin Vivo

3. Histamine chamber modeld n Vivo

Histo-pathological Examinatiorr®>*
Healthy lungs, structure wise present with alvealatls which are thin with
intra alveolar macrophages sometimes & very scaatraphils. Contrarily, lungs of

an asthmatic individuals demonstrate some damaugguoies such as;
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* Infiltration of neutrophils

* Protein rich debris or strands of fibrin depositinrthe airspaces

» Thickening of thewalls of alveoli which may contain abundant neutrophils

* Appearance Hyaline membranes as pink debris owd#tis of alveoli

» Goblet cell hyperplasia

* “Th2 Cytokines are also associated with severaltrdfactors, along with
vascular endothelial growth factor (VEGF) & transfing growth factor
(TGF)". TGFB1 induces the deposition of collagen which leadguiononary
fibrosis & VEGE enhancing the vascular permeabili& increase

inflammatory cell infiltration into airways.

PLANT REVIEW 5% 1314

GANDRAYAN 5660

Botanical name:Angelica glauca
Synonyms: “Angelicanuristanica”

Family: Apiaceae

Vernacular names: Hindi- Chora,English- Smooth angelicaSanskrit- Taskarah,
Gujrati - Chorak,Bengalt Chorak,Kannada- Choraka,Telugu- Gaddi Davanamu,

Punjabi- ChuraaMarathi - Corak,Malayalam- Choraka Pullu

Distribution: This plant considered as endangered plant in Hiyaal This is seen in
kashmir at altitude level extending from 8000 t®Q3 ft. in Jogi at an altitude of

11000ft. & in Sikkim & Lachen at an height seridsl6,000-11,000 ft.

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 39



Review of Literature

Chemical constituents: It contains sesquiterpenes, cadinene, umbelliprearpene

& alcohol.

Traditional uses as medicinesRoots are used in wounds, gastric pain. Aromatic
plant in known as carminative, stimulant. It useddyspepsia, anorexia, spasm,

flatulent, colic & bronchitis®
Review studies:

Sarker SD et al (2004) many species of thig\ngelica glaucahas been used

traditionally as expectorant, chronic bronchitisenedy for colds’

Puri A et al (2014) Thus, they examined the synergistic effectfAnfelica glauca
and celastrus paniculatum on scopolamine-inducetkdga in rats. They found that
scopolamine-induced dementia showed promise mereohancement due to its

antioxidant capability®

Carlos Cavaleiroet al (2015)concluded that Antifungal activity of the essehta
of Angelica major against CandidaAspergillus, Cryptococcy& dermatophyte
species”’

Muhammad Irshad et al (2012) investigated that essential dlngelica glauca

plants demonstratdd vitro action against “Microsporum canis & Fusarum sil&§h
KULANJAN ©1-69:55
Botanical name:Alpinia galanga

Synonyms: “Alpinia galanga(L.) Sw, Amomum galangéL..) Lour, Alpinia viridifola
Griff Maranta galangaL), Longuas galang (L) Stuntz,Longuas vulgare) Koeing,

Alpinia bifidia Warb.,Alpinia carneaGriff, Zingiber galangalL) stokes”.
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Family: Zingiberaceae

Vernacular names: Hindi, Sanskrit, Bengali - berakulanjar, kulanjarfamil —
perarattaiTelugu — paddadumparashtraMarathi — koshtkulayankEnglish - greater
galangal,Malyalam - arratta, perratta, kul-injiGujarati — kulinjan, Kannada —

dumparasmi.

Distribution : It is seen in countries of India, China, Saudal®ia, Egypt, Indonesia &

Sri Lanka. It can grow in woods & brushwood undpeo sunny positions.

Chemical constituents: Rhizomes contain tannin, starch, chlorides, sufshat
phosphates & an essential oil containing methylnamate, cineole, pinene &
camphor. The seeds contain 7- heptadecane, fatty awthyl ester, acetoxyeugenol

acetate.

Traditional uses as medicine:Rhizome are used in improving voice, bronchitis,
dyspepsia, impotency, nervous debility, inflammatiof liver, disease of kidney,
respiratory trouble, tuberculosis, as in depressaintcardiovascular system, in

flatulence, colic, vomiting, diarrhea, cancer, cpapain, back paift:
Review studies:

Rizki Damayanti et al (2015)essential oil ofAlpinia galangacontainsp-bisabolene
& trans caryophyllene are responsible compounds dianming aromatherapy

effect®

Afzal Unnisa et al (2011)performed Anti-inflammatory activity using carragee
induced paw oedema & acute toxicity studies of ékracts from the rhizomes of

Alpinia galangawilld.®®
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Akhtar MS et al (2002) investigated Hypoglycemic action @&lpinia galanga

rhizome & its extracts in rabbifé.

Saha Set al (2013) reported Central Nervous System stimulant actibrlpinia

galangawith a preliminary study®

Jirovetz L et al (2003)analyzed the essential oils of various part of iciedl plant

Alpinia galangafrom southern Indi&®

Lenardao EJ et al (2016) reviewed that essential oil has shown antinocieepk

analgesic effect!

Matsuda H et al (2003)extracted rhizomes of Alpinia galanga rhizomeso&rfd that
they inhibited B-hexosaminidase rele8%e.
DALCHIN] >>%°

Botanical name: Cinnamomum aromaticum

Synonyms: Cinnamomum cassiaLinn., Cinnamomum verum, Cinnamomum
zeylanicum

Family: Lauraceae

“Vernacular names: Hindi- Dalchini, English- Cinnamon, Punjabi- Darchin,
Telugu- Lavanga patta,Tamil- llayangam, Bengalr Daruchini, Malayalam-

KaruvapattaQriya-Dalechini, guda twaGujrati - Taja”

Distribution: It is indigenous to Sri Lanka & china but is nowltivated in Egypt,
Europe, Japan & India. In India, is cultivated iaug Indian states upto 1500 mt
altitudes, in western Ghats up to 200 mt heighh &eémi-evergreen forests of Eastern

Indian states.
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Chemical constituents: Essential oil obtain from bark & leaves contaiguenol,
cineole, linalool, caryphyllene, humulene, safrai@namaldehyde, cinnamyl acetate,
cinassiol, euenol acetate, cumic aldehyde, dipétesn methyl euenol, camphene,
benzaldehyde, geraniol & diaterpenes. The leaveseariched with minerals like
calcium, phosphorus, iron, sodium, potassium & amiacids like thiamine,

riboflavin, niacin & vitamins A & C.

Traditional uses as medicine: The root, bark useful in asthma, bronchitis, aria,
colic, cough, chronic mastitis, dyspepsia, dimieithappetite, fever, gonorrhea,
hiccough, inflammation, leprosy, skin disease, st tuberculosis, tremors,

cephalagia & ophthalmic or inflammation of eyes.
Review studies:

De Cassia de Silveira E Sa &t al (2014)They studied that essential oils present as a
significant source for exhibiting pharmacologicdfeets when utilized as active
components. They discussed about the anti-inflammpaeffect produced by
phenylpropanoids extracted via essential oils & alsout the possible mode of action

in anti-inflammatory response evaluated via paliicmodels’

KAPOOR®> "t
Botanical name:Cinnamomum camphora
Synonyms:Camphora officinarum, Laurus camphora

Family: Lauraceae

“Vernacular names: Bengal+ karpur,Hindi- Kapur, Kannada- chandara, davala,
dhavala, kappara, kapurdlalayalam- chutakkarpuram, ghanarasam, himamsu,

himavaluka,Manipuri - karpuraMarathi - kapooraOriya- ramokorpuroSanskrit-
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candraprabha, chandrahba, gandhadravygugu- candramu, candrasanguyamu,

Tamil - chukantamaram”

Distribution: This plant is originated to Republic of China &4da, & it is grown in

Nilgiri mountains of India.

Chemical constituents: ‘It treated with chloride of zinc & distilled conved into
cymene, when it treated with nitric acid it oxidiz& form camphoric acid. It also

contains glycerides of lauric, capric & oleic atid.

Traditional uses as medicine:lt is useful in hysteria & nervousness, diarrhea,
muscular strains, rheumatic condition, inflammatiemallpox, typhoid, whooping

cough. It also used in various cardiac depress$i6h.
Review studies:

Akram J et al (2006) investigated that camphor had sexual desire & aexu

performanceenhancing propertied.

Agarwal R et al (2012)published chapter in Chemistry of Phyto potentiafgarding
chemical composition & biological activities @innamomum camphorassential oil
growing in Uttarakhand possess good antioxidant nfinacrobial effects, which

could be serve as a food preservatives & medicsffbn

Guo Set al (2016)reportedthatC. camphoraessential oils were thought as a natural

resource foinsect management in 2 store produéts.

Prabuseenivasan St al (2006)investigated that Cinnamon oil is a great source of

anti - bacterial agents.
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Silva-Filho SE et al (2014)demonstrated anti-inflammatory action in camphbiciv

was associated with leukocytic migration inhibiti@ranti edematous effeét.

Hiramatsu Yasushi et al (2001) resulted thatCinnamomum camphorail highly

suppressed mites activity & also it having antlanfmatory activity’.”

Lee HJ et al (2006) concluded that extract @innamomum camphoran different
inflammation phenomenon to evaluate its probabte-anflammation mechanism in
non-toxic conditions. Data suggested anti-inflamonatactions could be because of

cytokine modulators, NO & PGE2 production & oxidatistress®

HALDI °°

Botanical name: Curcuma domestica
Synonyms:Curcuma longd.inn.

Family: Zingiberaceae

Vernacular names: Gujrati-Halada, Hindi- Pitras; Nepali- Haldi, English-
Turmeric,Kannada- Arishina, Malyalam- Manjai, Marathi - Halad,Oriya- Haladi,

Sanskrit- Haridra, Tamil- Manjal, Telugu- PasupuBangla- Hagda.

Distribution: It is extensively cultivated in India. It is comromlly grown in A.P.,

T.N., West Bengal, Maharashtra, Karnataka, Ke@téssa.

Chemical constituents: The rhizomes contain pigment curcumin, sesquiteqin
sesquiterpeniods as germacrane, bisabolane gu&iaae essential oil containing
pinene, turmerone, sabinene, myrecene, terpingnenéne, cymene, perillyalcohol,
turmerone, dehydroturmerone, alanto lactone, cuetien& cineole, sabinene, cineol,

borneol, zingiberene & sesquiterpenes. Tolymetlaybinol, ketones. Analysis of
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rhizomes also shows moisture, protein, fat, carbodtes, fiber, & minerals. Minerals

& vitamin contents are calcium, phosphorus, ir@arptene, thiamine & niacin.

Traditional uses as medicineslt is used in diabetes, gastric & duodenal ulcers)
hepatitis, jaundice, anti-parasitic for skin infeos, antispasmodic, body ache,
antibacterial, in arthritis, hepatitis, menstrusadders, anemia, rheumatism, boils, as
blood purifier, conjunctivitis & skin disorders. dan be utilized in cough, cold, throat

infections, bronchitis & in asthma.
Review studies:

Ram A et al (2003)results demonstrated about the action of curcumipettering the

features of impaired airways when tested on OVAskized guinea pigs’

Ma C et al (2013 this study evaluated the protective action & natbm of
curcumin in mouse models who were ovalbumin indulcedallergic asthma. They
concluded that curumin therapy accentuated themadith model inflammation by

regulation of Treg/Th 17 balané®.

Sukandar EY et al (2014)study aimed to enable comparison of effectiveness &
toxicity of curcuma with glibenclamide in diabetpatients-type Il with or without
dyslipidemia. They found that it possessed the lui¢éipato remain an anti — diabetic

agent!

Kuptniratsaikul V et al (2009)investigated thaC. domesticaseem to be as efficient
& safer as ibuprofen in treating Osteoarthriti&oée®

PUDINA®®

Botanical name:Mentha arvensi&inn

Synonyms:Mentha spicata Mentha longifolia Mentha piperita
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Family: Lamiaceae

Vernacular names: Sanskrit- Pudin, Putani, Putika, Rochani, VyanjdBangla-
Podina, Puthina,Gujrati - Fudino, Hindi- Pahadi pudina,Kannada- Chetni,
Malyalam- Putiyina, Marathi - Padina, Punjabi- Belane, baburi, koshulamil-

Putina,English- Corn mint

Distribution : In India it is cultivated specially in Northertages but now on all over

the country & even in kitchen gardens.

Chemical constituents:Major components in the oil are menthol, methonethyi
acetate along with terpenes like pinene, thujeamphene, carvomenthone, limonine,
menthofuran, isomenthol, aspartic acid, glutamid,aglycine, lycine, alanine, valine,

leucine, isoleucine, phenylalanine, linalool, gévan

Traditional uses in medicine: Leaf & oils are utilised in managing liver & spleen
disease, asthma, jaundice, stomach disorders, tiadaheumatic pains, as
expectorants, as antifungal, antibacterial,in n&slatonchitis catarah, cough, rhinitis,
sore throat, vomiting, dyspepsia & diaahorea, girpain, carminative &

antispasmodic.
Review studies:

Malik et al (2012)resulted thaMentha arvensisil that provides management action

againsallergic & inflammatory diseasg.

Duarte MC et al (2005) observed thaMentha arvensiil & ethanolic extracts

usually utilized in Brazil was tested for aftandida albicans activifi/.
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Wannissorn B et al (2005) investigated thaMentha arvensi®il showed promising

antibacterial action against the microbe te&ted.

Kishore N et al (1993)stated thaMentha arvensi®il demonstrated strong action

fungitoxicity against dermatophyt&%.

Jagetia GCet al (2002)observed that mint oil extract fromlentha arvensigrovides

protection against the radiation-induced sickriéss.

Kumar P et al (2011) investigated thatMentha arvensisil showed Insecticidal

properties against against various stored graitsgesectors®

Londonkar RL et al (2009) investigated thatMentha arvensisextract showed
defensive action against acid secretion & gastloems in ibuprofen plus pyloric

ligation, 0.6 mol/L HCI induced & 90% ethanol-indatulcer model&

Sharma N et al (2001) investigated & reported reversible antifertilityoperty in
male mice when administered with ether extracMeintha arvensideaves without

any side effect®’

OREGANO®®

Botanical name:Origanum vulgare.inn
Family: Lamiaceae

Synonyms: Origanum creticum, Origanum officinale, Origanumentale

Vernacular names: Gujarati- ajamo, jungli marvo,Hindi- ban tulsi, sathra,
mirzanjosh, Kannada- marugaKashmiri- marzan-joshKonkani- ovey,
Malayalam- kattumaruvaMarathi- jangali maruaa, ovaNepali- raamtulasi,

sajeevan, sathr@riya- saptalaSanskrit- maruvakaTelugu- mridumaruvamu
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Chemical constituents:Monoterpenoid€:. monoterpenes are primarily found in the
oregano essential oil. But the number of specifampounds alter based on
geographic location & several other variables. Mivan 60 separate compounds are
segregated, with the principal compounds being thy&ncarvacrol varying from 0 to
80% & compounds present in lesser abundance areermyn terpinene,

caryophyllene, spathulenol, germacrenegifenchyl alcohol &-terpineol.

Traditional uses as medicine:lt is useful in inflammations, catarrh, headache,
paralysis. The leaves are beneficial in earachendhitis, asthma. The flowers are
used for hemicranias & oil is used in rheumatishkin snflammation, sores, burns,

wound healing*
Review studies:

Lambert RJ et al (2001)reported that potential use of Oregasibhas revealed the

bacteriostatic or bactericidal activity of esselmi 2

Haberbeck LU et al (2012) examined the thermal & thermo — chemical effect of
oregano essential oils, tested by inactivating lhecicoagulant spores in nutrient
broth adjusted at 4 brix & 4.2 pH. Their resultdigated that oregano oils might be

used to make Bacillus coagulans spore susceptititexic effect of thermal heat.

SHIGRU

Botanical name:Moringa oleifera
Family: Moringaceae

Synonyms:Moringa pterygosperma
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Vernacular names Sanskrit- ShobhajanaHindi- Sahinjna, SajnagEnglish- Drum
stick, Malyalam- Muringa, Kannada- Guggala, MochakaTelugu- Mochakamu,

Tamil- MurungaiMarathi - ShevgaKonkani-MashingaMalayalam-Muringai

Distribution: 2 species have been reported from India. Oftés fdund associated in

Sal & Khair forests in sub-Himalayan tracts up 29am.

Chemical constituents: Its oil contains myristic acid, palmitic acid,e@ acid,
stearic acid, behenic acid, lignoceric acid. Thekbzontains presence of sterols &

terpenes.

Traditional uses as medicine: It is used in anti-diabetic, antispasmodic, ang&a
antipyretics, anthelmintics, wound, boils, swellimipronic rheumatism, intermittent
fever, throat sores. It is also used in cardiamgnt in asthma, cough & similar

disorderg*°®

Review studies:

Mahajan SG et al (2014) assessed ovalbumin induction of airway inflammation
when treated with B-sitosterol isolated from anutamol extract oMoringa oleifera
plant seeds amongst guinea pigs. It possesseasihtiratic action through inhibition
of cellular response subsequently releasing Th2kayes. Hence, this formulation

might possess therapeutic properties in allergitnaa

Jaiswal D et al (2013)their study assessed antioxidant activity of yoleayes of
Moringa oleifera’s water extract in both invitro i& vivo assaysM. oleiferaleaves
demonstrated a significant antioxidant activity loth assays suggesting that
consumption of these leaves regularly in the didtlvetter both diabetic & normal

individuals against oxidative damatfe.
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Hannan MD et al (2014)this study evaluated the action Mbringa oleiferaon the
neurotrophic & neuroprotective property in the lipampal neurons. The study
results showed that MOE facilitates maturation obdendritic & even gives
protection to neurons demonstrating a upcomingrpheological significance, about

this ethnomedical & nutritionally significant plafur betterment of nervous systéfh.

TIMUR

Botanical name:Zanthoxylum armatum
Family: Rutaceae

Synonyms:Zanthoxylum allatum, Zanthoxylum hostile, Zanthaxyplanispinum

Vernacular names: Sanskrit- Andhak, Dhiva,Bangla- Gaira, Nepali Dhania, Tun,
Tambul, Gujrati - Tambaru, TambruphalaHindi- Darmar, Dhaniya, Tej-Phal,
Kannada- Dhiva, Malayam- Tumpuni, Marathi- Chirphal, Tamil- Tumpunalu,

Telugu- GandhaluEnglish- Prickly Ash

Distribution: The plant is found in India on subtropical Himaldyam Jammu to
Bhutan upto 2100 mt. altitude, in the Khasi hillsveeen 600- 900 mts & in Andhra

Pradesh upto 1350 mts altitude.

Chemical constituents: The essential oil from the seeds contain dipentémepol,
citral, methylcinnamate, pipevine, linalyl acetatémonene, geraniol, cineole,
cymene, terpinene, camphor, carvone, fenchol, tieyje¢erpineol, caryophyllene,
monoterpene, enoic acid. The oils from leaves ¢ori@alyl acetate, sesquiterpenes,

hydrocarbons, acids, phenols, cineole, limonetmrallal & triscosane.
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Traditional uses as medicine:The bark & fruits are useful in bronchitis, asthma,
colic, convulsions, cough, cardiac debility, diaeh, diabetes, dyspepsia, goiter,
difficult micturition, fever, eye & ear diseaseepgatopathy, helmenthiasis

leukoderma, leprosy, paralysis, stomach disordén disease, tumors, ulcers &

wounds?®
Review studies:

Mehta DK et al (2014)suggested thatanthoxylum armaturas an anthelmintic have

been long-established as the seed extracts dispéaivity next to the worm€®

Guo T et a (2011) “found that ethanolic extract danthoxylum armatuncould
significantly decrease acetic acid induced writhmgmbers, & suppress formalin
induced licking time in different doses. Thus, thelyservedZ. armatumextract

possess powerful ant nociceptive activit)®.

Singh TP et al (2011)their review highlighted on in — depth phytocheahimakes &
therapeutic utilization clubbed into pharmacologipeoperties of various types of
Zanthoxylum armatumVarious study indicated that it possesses antidaal,

antifungal, hepatoprotective & allelopathic projest®

Gilani SN et al (2010) investigated regardinganthoxylum armaturexhibiting
spasmolytic action, mediated probably via Ca++@onést effect that gives a
pharmacological foundation for therapeutic appiaatin the gastrointestinal,

respiratory & cardiovascular disturbanc&s,

Muhammad | et al (2012)investigated that essential oil @ganthoxylum armatum

leaves for anticonvulsant Antinociceptive & antizalsant activities®*
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ADRAK >

Botanical name:Zingiber officinale

Family: Zingiberaceae

Vernacular names: Sanskrit Adrakam, Bangla- Ada, Gujarati - Adul, Aradu,
Hindi- Adarak, Kannada- Ardaka, Alla, Haisunti, Malyalam- Amdrakam,

Marathi- Adaki, Tamil- Inji, Telugu- Allamu

Distribution: In India it is cultivated in tropical & centralates & is also found

naturally in western Ghats & hills or central India

Chemical constituents: Rhizomes contain curcumene, bergamotene, pamphenen,
calamene, pinene, limonene, cineole, citral, cahah linalool, zingerol, zingerone,
amino acids like aspargine & piperolic acid, giragdycolipids, sulfonic acid,
geraniol, geranyl acetate, phenylalanine, malorsgene, valine, leucine, isoleucine,

glycine & arginine.

Traditional uses as medicinelt is used in anorexia, asthma, bronchitis, cowgit,

dyspepsia, diarrhea, earache, fainting fever, nmite@tions, edema, sore throat,
urticarial, nausea, tuberculosis of the lungs, iearddisorders, hiccups, jaundice,
kidney stone attack, bladder inflammation, mornisigkness, piles, toothache,

antiemetic & anti-vertigo effect§®
Review studies:

Tewtrakul S et al (2007)Zingiber officinalehas been reported as useful in allergic

related diseas&®
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Ahui ML et al (2008) Literature has reported that compounds obtaineadn fr
rhizomes ofzingiber officinalepossess anti- inflammatory property. The foremost
evidence of ginger suppressing immune responsesataddby Th2 was this,

promising a probable therapeutic use in allergibraa®’

Gomar A et al (2014) this study was evaluated the chronic treatmenh \witdro
ethanolic extract of ginger (50, 100 & 200 mg/kgpuld result on the passive

avoidance learning & memory in rat&®

Zafar | et al (2001)It is concluded based on the findings of the presesearch that

Zingiber officinalepossess anthelmintic activity’

Goel Rajkumar et al (2002)investigated thaZingiber officinaleshowed Anti-ulcer

activity.**°

Hammer KA et al (1999) investigated thaZingiber officinale oil showed Anti-

microbial activity™*

Literature review on few essential oils for asthmact activity:

Soyingbeet al (2015)Eucalyptus grandis essential oil, containinginene, borneol,
p-cymene, 1,8-cineole, d-limonene, é&terpineol, exhibits concentration-dependent

anti-inflammatory, anti-cough, & anti-asthrhia.

Wright et al (1997) Apparently menthol's combined action on sensomyrores &

smooth muscle may treat upper respiratory traeciidns, bronchitis, & asthntd®

Juergenset al (2004)showed that 1,8-cineole in eucalyptus oil inhilaiysokines to
decrease airway mucus hypersecretion, indicatimg-term treatment for asthma,

sinusitis & COPD exacerbatidh?
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Juergenset al (1998)Euclyptol oil (1,8-cineole) inhibits arachidonicia metabolism

in human blood monocyte vivq reducing inflammation in bronchial asthita.

Boskabady et al (2003) In guinea pig smooth muscles, Carvacrol inhibits

phosphodiesterase & Ca antagonism, bronchodilatfg.

Morice et al (1994)found that menthol relieves citric acid-inducediglos in healthy

peoplet’

Carvacrol in Carum copticumessential oil relaxes guinea pig tracheal chains,

according tdBoskabadyet al (2003)*®

In citric acid-induced asthma in conscious guinigg fiaude et al (1994)found that

Menthol, camphor, & cineole were antitussiVe
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4 MATERIALS & METHODS

MATERIALS

CHEMICAL REAGENTS:

The various chemicals, drugs & kits used are maatidn the table below - Tablel.

Table 1: Chemicals/Drugs/Kits & their source

CHEMICAL COMPANY
1. NaCl Sigma chemicals, USA.
2. KCI Sigma chemicals, USA.
3. NaHPOy Himedia pvt Itd., Mumbai.
4, KH.PO, Himedia pvt Itd., Mumbai.

5. Ovalbumin

Sigma chemicals, USA.

6. Alumina (Al;(OH)s)

Himedia pvt Itd., Mumbai

7. Histamine hydrochloride

Himedia pvt Itd., Mumbai

8. Dexamethasone

Centaur Pharmaceuticals, Goa.

9. Tween 80

Himedia pvt Itd., Mumbai

10. Feotal Bovine Serum

Himedia pvt Itd., Mumbai

11.Trisodium citrate

Rankem, New Delhi.

12.Potassium bicarbonate (KHGO

SD fine chem. Ltd. Mumbai.
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13. Ammonium chloride (NHCI)

Himedia pvt Itd., Mumbai

14.Disodium EDTA

Nice chemical Pvt Ltd, Cochin.

15.WBC Diluting Fluid, Turk solution

NICE Chemical Pvt Ltd, Cochi.

16. Chloroform

Himedia pvt Itd., Mumbai

17.Diethyl Ether

Himedia pvt Itd., Mumbai

18.Formaldehyde

S.D fine chem. Ltd. Mumbai.

EQUIPEQUIPMENTS USED

Equipment & their descriptions given in the Table 2

Table 2: Equipment & their source

Sr No.

Equipment

Company

1. | Micro centrifuge

Genei Pvt. Ltd., Bangalore

2. | Microscope

Pilot products, Delhi

3. | Electronic weighing balance

The Bombay Burma Trgd@orporation

Ltd., Mumbai

4, Histamine chamber

Inco Pvt Ltd.

5. Heme cytometer

Rohem Instruments Itd. Nashik India
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NEEDLE SELECTION

Table 3: Oral feeding Needles & their description

Sr No. Purpose Needle Size

1. Oral dosing needle for mice 24G, 1/2 %, curved kallied

2. Oral dosing needle for guinea pigs 18G, 1 & 1/@urved ball ended

PROCUREMENT OF ESSENTIAL OIL

Essential oil of Cinnamomum aromaticum, Curcuma domestica, Mentha
arvensis procured from Kanchor ingredients ltd, Keral@riganum vulgare Linn,
Procured from Synthite Herbals, MumbZanthoxylum armatum & Angelica glauca
procured from Kshipra Biotech Private Limited, Imeo Madhya PradestAlpinia
galanga, Moringa oleifera & Cinnamomum camphora were procured from GR
Herbals Pvt. Ltd. 11-B Kankariya Road, Industriaka, Hatod, Dist- Indore. Along

with all certificate of Analysis (COA) & essentiail was stored at 2 td’8.
METHODS

PHYTOCHEMICAL INVESTIGATIONS

Chromatographic assessment of the essential oils

“Essential oil chemical constitution (1% solutiohessential oil in equal ratio
of n-hexane: dichloromethane) were evaluated ugasgchromatograph (GC) (Varian
450 fitted with a fused silica capillary column T5-(5% diphenyl-95%
dimethylpolysiloxane; Thermo Scientific), 30 mx 5.2nm i.d., 0.25um film

thickness) in strict laboratory situations as memed earlier?°1
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Temperature in oven was set at 220°C, utilizingrogién as carrier.
Temperature of the injector & the flame ionizatidetector (FID) well maintained
between 230 & 240 degree Celsius. “Gas chromatbgrapass spectrometer (GC-
MS) evaluation utilised a Thermo Scientific Trackr& GC interfaced with a Thermo
Scientific ITQ 1100 mass spectrometer fitted with BP-1 (100% dimethyl
polysiloxane; SGE Analytical Science) fused silaapillary column (30 m x 0.25
mm; 0.25um film thickness)”. “Oven temperature level wasgnammed from 60 to
220°C at 3°C/min, & helium was used as carrier @a4.0 mL/min for analysis”.
“The injector temperature was set at 230°C, & thjeation volume was 0.iL in n-
hexane, with a split ratio of 1. 50. MS was takém@eV with a mass range of m/z
40-450 & variables utilized were the ones alreadyported”. The principal

composition of the essential oils were determinecbéfirmed %2123
PHARMACOLOGICAL INVESTIGATION
ANIMAL SELECTION:

“The female Guinea pigs (400-600 g) purchased frdsmwaharlal Nehru
Medical College, Belagavi, India & kept in standéedhperature (22 + 2°C), relative
humidity (55 * 5%) & light (12 hr light/dark cyclgswere used for
bronchoconstriction activity”. “Albino mice (18-2%) females were purchased from
Sri Venkateshwara enterprises, Bangalore, Indiagt kn standard temperature (22
2°C), relative humidity (55 £ 5%) & light (12 hrglt/dark cycles) were utilised for
bronchial asthma activity”. “They were fed with stiard pellet diet & water ad
libitum. All the experiments were conducted in priapprovals of ‘Institutional
Animal Ethics Committee’ (IAEC), of KLE's CollegefoPharmacy, Belagavi

(resolution number KLECOP/IAEC/Res. 22-10/10/20¥p)all examinations was
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conducted in line with ‘Committee for the PurpodeGontrol & Supervision on
Experiments on Animals’ CPCSEA) guideline, Governmef India for animal

experiments”.

ANIMAL DOSE SELECTION 1241276392

Since acute toxicity studies of EOs have been teddn earlier literature &
IAEC suggested to use the same data with Thes@estue have taken 1/5 & 1/10

dose as the safer therapeutic dose.

PREPARATION OF DRUG & REAGENTS

Kreb’'sSolution126:63

Table 4: Below table showing composition of Kreb’solution

Sr. No. Chemicals Kreb’s solutions (gm/liter)
1. NacCl 6.9
2. KCI 0.35
3. Calcium chloride 0.28
4. MgSQO,. 7H,O 0.28
5. NaHCG 2.1
6. KH,PO, 0.16
7. Glucose 2.0
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Preparation of test drugs

Forin vitro model - 10Qg/ml of Each Essential oil was prepared in 1% tween

80.

Forin vivo models - Essentialils were emulsified with water in proportion of

2:2:1(essential oil: water: tween 8652’
Phosphate Buffered Saline (pH 7.45*
Procedure:

1. 800 ml of ddh 20 measured with the help of gradbiatglinder was
transferred to Erhlenmyer flask.

2. Magnetic stir bar was added to Erhlenmyer flasterafvhich the flask is put
on a magnetic stir plate. The magnetic stir bapsesl was adjusted so as to
keep out oxygen from the solution during rapid mixi

3. For about 3 — 5 minutes, solute were rested t@hliss

4. No remaining particles undissolved salts were atsprior to pH adjusting. If
any particles present, it has to be continuos &nagsly stirred.

5. Magnetic stir bar’'s speed is reduced while miximg $olution gently.

6. pH meter calibration is ensured properly (look &se the pH probe with
distilled water. Any extra pO from tip of probe is removed using a clean
paper napkin. The pH probe is then placed in theiso.

7. Then 1 M hydrochloric acid is added drop by dropngsa transfer pipette
allowing HCI to completely dissolve in the solution

8. Stirring the solution is ceased.

9. Measure pH with the pH meter.
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10. Steps 8 to 10 is repeated till the solution reaehps of 7.4.

11. The solution is then put into a neat graduatedndgi with final volume
adjusted to 1 liter with distilled water.

12. The solution is taken into another autoclavablgaioer (15 Ib/in2)

13. Solution autoclaved at 15 Ib/in2 for 20 minutedigaid cycle.

14. Solution allowed to cool till it attains room tenmpaure.

15. The PBS solution is stored at room temperature.

Alum precipitated Ovalbumin:

Dissolve 5@g of OVA in 0.2ml of PBS which contains 1mg of AK)B for

each animat®®

10mM Sodium EDTA
Molecular weight of Sodium EDTA 372.24

Dissolve 3.72gm of Sodium EDTA in 100ml of distdlevater & make up to 1 litre.

ACK Buffer:

Use: ACK lysing buffer is utilized to break RBCs in agparation that contains

WBCs

Formula

NH.CI 8,024 mg/l (53,49g/mol)

KHCOs 1,001 mg/l (100,12g/mol)

EDTA.N&:2H,0 3.722 mg/l (372,24g/mol)
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Procedure

1. After blood is spinned, supernatant is removed.

2. To which ACK lysing buffer in equivalent volumeasided to the pellet. The
volume should be comparable to that of the pellet.

3. After re suspending gently, tube is swirled for&Dseconds.

4. The tube is filled with a medium which will neitheontain centrifuge &
serum.

5. Then supernatant is removed & pellet retained.

6. Repetition of the process, if required.

7. Then normal cell protocol is followed.

METHODOLOGY #&5

In-Vitro: Spasmolytic Activity on Guinea Pig Isolated TrachebChain 128129131

Principle — Many investigations found that isolated guinestieal preparation had
more H1 excitatory receptors than H2 receptors.githieea pig trachea contracts with
Ach, histamine, 5-hydroxy tryptamine, & bradykiniBoth tracheal chain & strip

preparations are ideal for screening respiratoryammuscle spasmogenicity.

Preparation of drug solution

» Test drug was emulsified in 1% tween 80 ({@@nl).

» Histamine (1Qug/ml) dissolved in distilled water.
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Procedure

1. Guinea pig was sacrificed using anesthesia, traichieso was dissected out.

2. Trachea was sectioned into separate rings. Ringe Wwed together with
thread.

3. Krebs solution has used for suspending tracheaganobath solution under
the tension 0.5g with carbogen gas at 37+50C.

4. S shaped aerator tube was attached to one corrimxcbieal chain while the
other was tagged to iso - tonic frontal writingdevo smoked drum.

5. To normalize the tissue it had to be kept in theesgosition for 45 minutes
before adding spasmogen.

6. Following spasmogen histamine was added. 10-15 tesnwas required to
attain the concentration to maximum level.

7. Test drugs has added & bronchial response recongetb plateau stage.
Tissue has rinsed thoroughly after adding each.d@pgsmogen was added to
regulate contractions.

8. The percentage inhibition of spasmogen inducingtractions was be

calculated from Dose Response Curve (DRC).

Formula
Height of contraction after exposure to antigen
% inhibition =100 - [ ------- X 100]

Height of contraction before exposure to antigen
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In-Vivo Model: Histamine-induced bronchoconstriction in gunea pigg3#*33128-29

Table 5: Grouping of animals

Glr\loou.p Groups Treatment
I Normal Received PBS (pH 7.4) p.o for 7 days
I Negative Control Histamine aerosol (day 0 & d4y
1] Treated with Dexamethasone p.o per day' (b 7") days

Dexamethasone(2mg/kg) | + Histamine aerosol (day 0 & daf})7

v Treated with essential oilsEssentiabils p.o per day fito 7") days

(lower dose-200pul/kg)
+ Histamine aerosol (day 0 & da$/)7

V Treated with essential oilsEssentiabils p.o per day ¢ito 77) days

(higher dose-400pl/kg)
+ Histamine aerosol (day0 & da{f)7

A constant-pressure perplex glass histamine chagder the guinea pigs 1%
w/v histamine aerosol on days 0 and 7. Each anwaalplaced in a histamine aerosol
chamber after preconvulsive time. Animals in higteenchambers recorded baseline
PCT. Therapeutic baseline on PCT Day 0. After PGDietected, the animals were
taken outside to recover. After PCD developments raere separated into four
groups (n=6): group | received histamine aeroséls W/v as a negative control,
group Il received intraperitoneal dexamethasone gZkgy and groups Ill and IV
received oral MAEO 200 & 40(Ql/kg daily for seven days. The PCT onset time was
observed on day seven, two hours after the prisedBCT time % increase formula:

Percentage increased in time of PCT= (1-T1/T2) & 10

Where; T1 = time for PCT onset on day 0, T2 = tiorePCT onset on day 7.

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 65



Methodol ogy

In-Vivo Model: Ovalbumin induced sensitization in micg?133128-29

Table 6: Experimental design

Group No | Groups Treatment
I Normal Received PBS (pH 7.4) p.o for 14th days.
Il Negative Control Received OVA + Al(OH); s.c. for 1st &
7" day.

1] (Standard Group) TreatedReceived OVA+ AJ(OH)s s.c for 1st &

with Dexamethasone7" day followed by dexamethasone from
(2mg/kg) day 8" to 14th .
v (Treatment Group) TreatedReceived OVA+ AJ(OH); s.c. for 1st &
with EOs 20Ql/kg 7" day followed by essential oil from day
8th to 14"
Imgkg dexame thasone (Lp.)
& WO0plkg oxally treatment oil
A
's N\

| T

lil
day 15" day Anesthesia and
? z s 10 1 o PERT blood, BALF and Lungs

- _/ collection
Senstiization
OV Adahminium 1% whr OVA aerosol
hydroxide (ip.)
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Four groups of six female mice were created: naormalgative control,
standard, & treatment. To sensitise the other ggo@xcept normal mice, hQ
ovalbumin & 1mg aluminium hydroxide were injectedraperitoneally in 20d PBS
on days 1 & 7. Group | received regular saline g.ded for 14 days. Group Il got
1%W/V OVA aerosols in PBS for 30 minutes after steregion. Group Il got OVA
aerosols & 2 mg/kg dexamethasone intraperitonefatiyn Day &' to 14" daily.

Group IV got 20Ql/kg oral OVA aerosols & EOs for seven days.
SENSITIZATION

Principle: IgE antibody induction results from exposure mamunogenic allergy,

combining T cell participation along with B cells &acrophages. Mast cells bind to
IgE antibodies via Fc receptors. Fc receptors agsgmt on mast cell surface which
possess extreme greater affinity for IgE antibadfasthis level, allergic response is

initiated.

Method: Ovalbumin used as a exogenous antigen. On day7l gositive control
group mice were systemically sensitized with a stdiweous injection of a
suspension containing p§ of ovalbumin (OVA) & 1mg aluminum hydroxide

[Al 2(OH);] in 200u of phosphate buffer solution (PBS).
CHALLENGE
Principle:

With re- exposure to allergen, mast cell bound égbodies bind to allergen.
This results in IgE molecules cross linking to meeit surface by antigen which are

multivalent which is important for consequent réats. The mast cell granule which
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are of basophilic type & large are given out irstiss. This degranulation method
releases a plethora of compounds which were phadogically active; few were
from granule directly such as histamine. other dhahmediators synthesised by the

cells.

Method: the treatment drugs viz. dexamethasone (2mg/kg3"ta@roup whereas
200pl/kg to #' group were given on 8th day to 14th day & Ovalburilergen is
given through the aerosol form at W/V 1% concerdrain PBS solution from 8th

day to 14th day.
PRINCIPLE & PROCEDURE OF PARAMETERS EVALUATED:
Blood serum preparation*

After allowing blood to coagulate for 20 minutes,c&ntrifuging at 2000 x g for 15

minutes, the serum was segregated & used for pemposstimations.

Collection of BALF*31133
» Bronchiolar lavaging was done with the PBS solution
» 7ml PBS was flushed in to bronchi by using feediegdle.
» Cells in the Lavage treated with ACK buffer.
» WBC cells counting is done utilizing WBC dilutinid.

» By using TLC & DLC
Collection & storage of blood®

Blood was collected in eppendroff tube containindism citrate solution of
4% in 1:16 ratio of sodium citrate to blood & AEGasvperformed in the lab as per

standard procedure.
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Isolation & collection of Lungs***%*

» Animal was properly anaesthetized & sacrificed bgvizal dislocation.

» Lungs were separated carefully & stored in 10% fdrsaline solution.
Total leukocyte count>®
It was performed as per standard procedure
Eosinophils count*®
It was performed as per standard procedure

Histopathological examinatiort>®

1. To obtain information about the histological chagelungs was observed by
performing Histopathology of Lungs in normal, dised & treated group’s
animals.

2. Lungs were stuffed in paraffin, sectioned & staimath hematoxylin &
eosirt*®

3. Pathological changes in lungs were observed & tedor
STAIN: Hematoxylin & eosin
Principle:
Hemotoxylin:

Haematoxylin generally used in histology analyssyally used to color cell
nuclei & other variables like keratohyalin granuldae. Alum & Iron were used to

present structures of nucleus & cytoplasm formintpred complexes the colour of
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which depends on the salt utilized. Lakes of alunmnsalts appear generally as blue

white colored while lakes of ferric salt are blulghack in colour.

The 3 principle “alum haematoxylin solutions u#iz are Ehrlich’s, Harris’s
& Mayer's haematoxylin. Haemalum is term used taeimatoxylin” for the solutions
because haematein retains as a product of haenliatoxydation, & is the mixture
which combines with Al ions to result active dyetal complexes”. The solutions of
Alum haematoxylin will effect nucleus of the cellitturns the transparent light red

stain to blue colour on getting exposed to an alkabr neutral liquid.

The mordant utilized, Alum or potassium — aluminiumsulfate generally
dissociates in basic solution, on combining witlddmxyl ion of water resulting in

insoluble aluminium hydroxide.

Alum haemotoxylin — acidic solutions turn red. Whestained, alum
Haemotoxylin stained sections are usually cleandabsic or neutral solution so as to
neutralize acid for forming an insoluble compleken@nium haematin, which of blue

color. Blueing is the term used for this procedure.

If water is not adequately alkaline, or also acigltch is non-satisfactory for
haemotoxylin blueing, a tap water substitute cosipg of 3.5 g NaHC®& 20 g
MgSQ.. 7HO in | litre of thymol dissolved water (for inhibig mould formation) is

employed for accelerating thin paraffin sections.

A competent blueing solution is obtained on addai@li in trace amounts;
litle amount of strong “ammonium hydroxide or aqus lithium carbonate” which is

added right after before utilizing, is enough ftaising with 400 ml. Using cold water
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reduces the process of blueing, while warming feste Actually, using water under

10 °C for blueing sections might also result inkpamtifact discoloration in tissue.

DNA is not needed for hemalum to stain nuclei. Timay be because dye
metal complexes bind to “histone-rich arginine eogroteins”. The mechanism
differs from nuclear staining by basic (cationigkd like “thionine or toluidine blue”.
Basic dye stains are prevented by chemical or eatigmucleic acid extraction. Such

extractions will not stop hemalum nuclei staining.
Eosin:

The effect of fluorescein or bromine forms a flisrent red dye named Eosin,
which is used in staining & for microscopic exantioa. Those structures which
readily stain with eosin are called eosinophilicisl generally used to counter stain
hematoxylin in H&E (hematoxylin & eosin) staininbhe staining with eosils of RBC
is intense red color. It is acidic in nature whestows basic parts of the cell. For
staining purpose, it is conventionally used in 8 percent concentration of weight by
volume, which is either water or ethanol dissolvEdymol is occasionally added to
prevent mold growth in ageous solutions. 0.5 %iacatid concentration generally

gives the tissue deep red stalit*
STATISTICAL ANALYSIS

Results are presented as Mean + Standard Deviatibere n= 6. One way
ANOVA was used to determine differences among daliswed by Dunnette’s

multiple comparison test (Graph Pad Prism softwegesion 5.01).

p value lesser than 0.05 was considered statigtsighificant.
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5. RESULTS

PHYTOCHEMICAL ANALYSIS

Qualitative analysis of Angelica glauca essential oll

RT: 0.00 - 66.68
6.14 NL:

1007 1.30E8

] TIC MS
Angelica_Shi
] Ipa

-
T

8.91

36.43 39.79

42.39

N
[=}

Relative Abundance
S

w
S

30.08

[
=3

=
o

] 4450 49.08 4938 5625 60.77 6269

\HH\HH\HH\HH\”\\H\HH\HH\HH\HH\HH\HH\\
10 15 20 25 30 35 40 45 50 55 60 65
Time (min)

24.49
579 ) J.le 1399 1884 25,79 | 30.39
T

o
o
[3,]

Figure 6: GC-TIC chromatography of AG essential olil

Qualitative analysis ofAlpinia galanga essential oil
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Figure 7: GC-TIC chromatography of AG essential olil
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Qual

itative analysis ofCinnamomum aromaticum essential oil

RT. 0.00
100

90

801
70
60

50

Relative Abundance

-59.87

21.30 NL:
1.03E8
TIC MS
Cinamomu_
Oil_Shilpa

36.21
l 37.96 41.36 4551 47.93 51.29 53.47 56.68 58.25

sou 845 1014 2454 2159
585 O 25,85J| 3044 3138

16.92 18.29

0

Qual

RT: 0.00

100+,

Relative Abundance
o O\\\\?\\\\$\\\\$H\\$\\\\$WHW$WHW§IWWH$WWH$H

=

L e \] T T T 11 i T e L L]
5 10 15 20 25 30 35
Time (min)

T T T T T T T T T T T T T T T T T T T
40 45 50 55

Figure 8: GC-TIC chromatogram of CA essential oil

itative analysis ofCinnamomum camphora essential oil
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Figure 9: GC-TIC chromatogram of CC essential oil
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Qualitative analysis of Curcuma domestica essential oil

RT: 0.00- 66.71
33.16 NL:
1007 4.38E7
1 TIC MS
9&; TurmericOll
b _Shilpa
80
704
[ 4
s 1
S 60
5 7
< 50
<
= J
< 404
() 4
o ]
307 26.85
20
] 751 33.46
1 2188 3456
1 56 3715
ol 378 849 1102 16541909 | ]| s 4258 48.00 5158 5555 58.57 62.25 64.57
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ \‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\
0 5 0 15 2 25 3 ¥ 40 45 50 5 60 65
Time (min)
Figure 10: GC-TIC chromatogram of CD oil
Qualitative analysis ofMentha arvensis essential oil
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Figure 11: GC-TIC chromatogram of MA essential oil
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Qualitative analysis ofMoringa oleifera essential oil
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Figure 12: GC-TIC chromatogram of MO essentialoil

Qualitative analysis ofOriganum vulgare essential oil

RT: 0.00 - 66.68
100

19.35 NL:

1.67E8

TIC MS
Origanum_S
hilpa

=2 -~ <) ©
(=3 o [=3 <‘3
I

S
(=)

Relative Abundance
3

w
(=3

8.49

[ )
o

9.78

=
o

1116 18.76 2450 28.07
587 15| | | | I || 3258 3360 4261 4453 4800  56.14 5856 6027

L ‘ \‘ T ‘\ T ‘ T \l ‘ rTrTT ‘ L ‘ TTTT ‘ﬂ T l\ T ‘ L ‘ TTTT ‘ T ‘ L ‘ L ‘ TTTT ‘ T
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time (min)

o

Figure 13: GC-TIC chromatogram of OV essential oil
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Qualitative analysis ofZanthoxylum armatum essential oil
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Figure 14: GC-TIC chromatogram of ZA essential oil

Qualitative analysis ofZingiber officinale essential oil
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Figure 15: GC-TIC chromatogram of ZO essential oil
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Spasmolytic tracheal chain activity of Guinea pig sing Essential oils

Guinea pig tracheal chain is much more sensitivedimse relative contraction of
agonist like histamine (b, 2ug, 4ug, 8ug & 16ug of histamine dose given
respectively) in isolated tracheal chain prepamat@ut of 10 essential oils 2 did not
showed decrease in contractions of tracheal smwootcle in presence @ingiber

officinale & Alpinia galanga.
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Figure 16: Curcuma domestica oil showing relaxation property in guinea pig

tracheal chain preparation against spasmogen*

*Spasmogen;Histamine (1Qug/ml) dissolved in distilled water.
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Figure 17: Moringa oleifera oil showing relaxation property in guinea pig

tracheal chain preparation against spasmogen

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 77



Results

Segment 23, 1:45:06 AM
Segment 21, 1:42:02 AM Segment 22, 1:43:39 AM
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Figure 18: Cinnamomum camphora oil showing relaxation property in guinea pig

tracheal chain preparation against spasmogen
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Figure 19: Mentha arvensis oil showing relaxation property in guinea pig

tracheal chain preparation against spasmogen
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Figure 20: Zanthoxylum armatum oil showing relaxation property in guinea pig

tracheal chain preparation against spasmogen
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Segment 43, 2:34:19 AM
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Figure 21: Angelica glauca oil showing relaxation property in guinea pig tradeal

chain preparation against spasmogen
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Figure 22: Origanum vulgare oil showing relaxation property in guinea pig

tracheal chain preparation against spasmogen
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Figure 23: Cinnamomum aromaticum oil showing relaxation property in guinea

pig tracheal chain preparation against spasmogen

Segment 87, 4:23:17 AM Segment 89, 4:25:08 AM
Segment 86, 4:20:17 AM Segment 88, 4:24:31 AM
2
(1000 3
6.00
14.00
9
2.00 g
5
st N A 1
et ol bmtsnsabens| 4 BE-004
2.00
3502.19 3522.19 3542.19 3562.19

seconds

Figure 24: Alpinia galanga oil is not showing relaxation property in guinea pg

tracheal chain preparation against spasmogen
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Segment 46, 2:47:16 AM Segment 48, 2:51:14 AM
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Figure 25: Zingiber officinale oil is not showing relaxation property in guinea jg

tracheal chain preparation against spasmogen

Effect of Essential oil onHistamine induced bronchospasm in guinea pig

Histamine causes very strong smooth muscle comdraciAfter introducing
histamine aerosol to guinea pig (highly sensitioe histamine) it produces Pre
convulsion dyspnea (PCD). The time taken to ire8aCD was observed. There was
no significant difference in PCD time in asthmatientrol, there was significant
(p<0.001) increase in PCD time after treatment vd#xamethasone (2mg/kg) &
significant (p<0.001, p<0.01) increases the timéhwie dose of Essential oils 200

puL/kg & 400 pL/kg respectively.

Highly significant (p<0.001) % protection showeddaxamethasone treated
group (50.53+ 3.776) & in Asthma group (6.171+ Bj%hereas in Essential oils
treated group showed significant increase % priatectt lower dose (200uL/kg) & at

higher dose (400uL/kg) given in the table.
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Table 7. Effect of Essential oils orHistamine induced bronchospasm in guinea

pig

Negative Control 6.17+£ 2.49

Dexamethasone (2mg/kg) 50.53+ 3.77***
A. glauca 200uL/kg 53.74 + 6.36%**
A. glauca 400u L/kg 67.17 + 6.48***
C. aromaticum 200uL/kg 23.98 + 4.69**

C. aromaticum 400uL/kg 51.67 £ 7.93***

C. camphora 200 L/kg 42.94 + 4. 49%**

C. camphora 400 L/kg
C. domestica 200uL/kg
C. domestica 400 L/kg
M. arvensis 200uL/kg
M. arvensis 400uL/kg
M. oleifera 200u L/kg
M. oleifera 400 L/kg
O. vulgare 200uL/kg
O. vulgare 400uL/kg
Z. armatum 200u L/kg

Z. armatum 400u L/kg

51.00 +0.73***

60.75 + 0.30***

74.35 + 0.91***

37.77+ 3.52%**

63.00 + 0.73***

32.94 + 8.92%**

70.00 + 1.09***

27.03+ 4.41**

60.49 + 2.22***

61.20 + 0.29***

69.48 + 0.99***

Each values were expressed as MeantSEM; where m=®&dh group: significant
***P<0.001,**P<0.01 compared with negative contlyl one way ANOVA followed
by Dunnett’s multiple comparison test.***P<0.001 evh compared with Disease

group.
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Table 8: Consequence of Essential oil on AEC in blood in ctnol & experimental

mice
95% CI for mean
Groups Mean SD SE
Lower Upper
Asthma induced 325.00 9.06 3.70 31550 334/50
Asthma +Dexa Standard  200.00 12.18 4,97 187.22 731p.
Asthma +A. glauca 200.00 7.48 3.06) 192.15 207.85
Asthma «€. aromaticum | 185.50| 93.99| 38.37 86.86 284.14
Asthma €. camphora | 186.67| 68.97| 28.16 114.29 259.04
Asthma «€. domestica | 153.33| 14.67| 5.99 137.94 168.72
Asthma +M. arvensis 175.00| 9.06 3.700 165.50 184.50
Asthma +M. oleifera 201.67| 111.39 454y 8478  318.%6
Asthma ©.vulgare 150.67| 40.80| 16.66 107.85 193.48
Asthma Z. armatum 172.50| 79.47| 32.44  89.1( 255.90
F-value 4.1977
P-value 0.0004*

*p<0.05

Asthmatic group showed significant increase in ABE5+3.69) compared to normal
group (125%3.69), while dexamethasone treatmentitezsin significant decrease in

AEC (200+4.97). Treatment group with 200ul/kg dos&O had significant decrease

in AEC compared to asthma induced group. The datalzown as Mean+SEM, with

n = 6 in each group. One-way analysis of variamst tevealed a p value 0.0004*

difference when compared to Asthma control group.
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Figure 26: Comparison of ten groups for AEC in blood by oree/vANOVA analysis
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Effect of essential oil on absolute eosinophilsligtmm?®) count in blood of mice
values were expressed as meanzstandard error ofntban compared with

ovalbumin-treated group.
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Table 9: Effect of Essential oils on IgE antibody @ncentration in blood serum in

control & experimental mice

95% CI for mear

Groups Mean SD | SE
Lower | Upper

Asthma induced 6.10 0.140.06| 5.95 6.25

Asthma +Dexa Standard3.20 | 0.07/ 0.03| 3.13 3.27

Asthma +A. glauca 0.70 | 0.20 0.08| 0.49 0.91

Asthma €. aromaticum| 0.60 | 0.23/ 0.09| 0.36 0.84

Asthma . camphora | 0.90 | 0.23 0.09| 0.66 1.14

Asthma €. domestica | 0.60 | 0.20 0.08| 0.39 0.81

Asthma +M. arvensis 1.10 | 0.13 0.05| 0.96 1.24

Asthma +M. oleifera 0.90 | 0.18 0.07| 0.71 1.09

Asthma .vulgare 0.67 | 0.44 0.18| 0.21 1.12

Asthma €. armatum 1.00 | 0.20/ 0.08| 0.79 1.21

F-value 381.4940

P-value 0.0001*

*p<0.05

Ovalbumin induced model of allergic airway inflamioa (inflammatory mediators)

activates B-lymphocytes to produce IgE antibodidsere was significant increased
serum IgE level in asthmatic group (6.10+0.05) asnpgared to normal group

(0.80+0.03) whereas after treatment with dexametiaét decreased significantly to
(3.20+0.02). Treatment group with 200ul/kg doseE@ treatment groups showed
decreased serum IgE level which was highly sigaifidike dexamethasone group as
shown in the table. One-way analysis of varians tevealed a p value 0.0001*

difference when compared to Asthma control group.
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Figure 27: Comparison of ten groups for IgE antibody conardn in blood serum

by One way ANOVA analysis
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Effect of essential oils immunoglobulin E (IU/L) blood serum of mice; values were
expressed as mean * standard error of the meanatecthpvith ovalbumin-treated

group.

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 86



Results

Table 10: Effect of Essential oils on Total Neutropil Count in BALF in control

& experimental mice

95% CI for mean

Groups Mean SD| SH
Lower | Upper
Asthma induced 13.00 2.76 1.13 10.11 15.89
Asthma +Dexa Standarc 4.0 1.67 0/68 2.24 5.76
Asthma +4A. glauca 5.00 | 3.41 1.39 1.43 8.57
Asthma €. aromaticum | 6.00 | 3.69| 1.51 2.13 9.87
Asthma +. camphora 7.00 | 1.67| 0.68 5.24 8.76
Asthma €. domestica 4.00 | 1.79] 0.73 2.12 5.88
Asthma +M. arvensis 6.00 | 3.69] 1.51 2.13 9.87
Asthma +M. oleifera 7.00 | 1.67| 0.6 5.24 8.76
Asthma #O.vulgare 4.00 | 1.67| 0.68 2.24 5.76
Asthma Z. armatum 8.00 | 3.52| 1.44 4.30 11.70
F-value 6.0474
P-value 0.0001*

*p<0.05

Neutrophil count in BALF was also eminent in repdythe inflammation due to the

OVA exposure. Asthmatic group showed significargvation in Neutrophil count

(13.00£1.12) whereas dexamethasone group (4.00x@u6d treatment groups with

200pL/kg of EO showed significant decrease in Nwliil count as compared with

asthma induced group given in this above table.-@Wane analysis of variance test

revealed a p value 0.0001* difference when comparedsthma control group.
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Figure 28: Comparison of ten groups for Total Neutrophil CoimBALF by One

way ANOVA analysis
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Effect of essential oils on inflammatory cells; maphils in bronchoalveolar lavage

fluid values were expressed as mean + standard efrthe mean compared with

ovalbumin-treated group.
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Table 11: Effect of Essential oils on Total Eosindgl Count in BALF in control

& experimental mice

95% CI for mean
Groups Mean| SD SE
Lower Upper
Asthma induced 11.00 34 141 7.36 14.64
Asthma +Dexa Standard 4.0 1.y9 0J73 2.12 5.88
Asthma 4A. glauca 3.00 | 1.26| 0.52 1.67 4.33
Asthma €. aromaticum 4.00 | 1.67, 0.68 2.24 5.76
Asthma +. camphora 6.00 | 1.79| 0.73 412 7.88
Asthma €. domestica 4.00 | 2.37| 0.97 1.52 6.48
Asthma +M. arvensis 400 | 141, 0.58 2.52 5.48
Asthma +M. oleifera 5.00 | 2.19] 0.89 2.70 7.30
Asthma #O.vulgare 3.00 | 1.10| 0.45 1.85 4.15
Asthma Z. armatum 6.00 | 2.76| 1.13 3.11 8.89
F-value 7.5758
P-value 0.0001*

*p<0.05

Eosinophil count in BALF was also eminent in repdythe inflammation due to the

OVA contact. Asthmatic group showed significantval&gon in Eosinophil count

(11.00+1.41) whereas dexamethasone group (4.0018.720uL/kg of EO groups

showed significant decrease in eosinophil countampared with asthmatic control

given in this above tableOne-way analysis of variance test revealed a pevalu

0.0001* difference when compared to Asthma corgrolp.
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Figure 29: Comparison of ten groups for Total Eosinophil CoumBALF by One

way ANOVA analysis

16.00
14.00
12.00+
10.00+

8.00+

Mean+/-SD

6.00
4,004
2,00

Asthmainduced
Asthma +Dexa Standar
Asthma +A. glauca
Asthma +C.camphora
Asthma +C. domestica
Asthma + M. arvensis
Asthma + M. oleifera
Asthma +O.vulgare
Asthma +Z.armatum

Asthma +C.aromaticum

Effect of essential oils on inflammatory cells; trephils in broncho alveolar lavage
fluid of mice values were expressed as mean + atanerror of the mean compared

with ovalbumin-treated group.
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Figure 30: Histopathology of mice lungs 40x images
The lungs were dissected out and fixed in 10% fdrmf@r 24hours and then cut

section stained with H&E were observed under ligitroscope to assess the degree

of peri bronchial and perivascular inflammation.

(a) Normal group: Normal bronchial epithelium layers were observedammal
saline group

(b) Asthma group (OVA induced) : Histopathology of lung section of mice
Ovalbumin treated group (figure b, 40X, H&E staipeshowed marked
reactions in the lung characterized by the infiitna of inflammatory cells
specially in peribronchial and perivessel arla. artding of Airway,

QEpitheIial hyperplas, ¢i1 inflammatory cel | Peribronchial cells).
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(c) Dexamethasone group (Ainhgelica glauca (e) Cinnamomum aromaticum

(f) Cinnamomum camphora (gMentha arvensis (h) Moringa oleifera

(i) Origanum vulgare linn (j) Curcuma domestica (k) Zanthoxylum armatum

Lung section of mice expressed to Ovalbumin grfigure b) stained with H&E
showed significant inflammatory changes in perilstoal and perivascular areas,
increased bronchial muscle thickening and epitheliayperplasia.The
histopathological changes induced by OVA were madigkeuppressed by treatment
with essential oils with dose 200 pl/kigure; d to k) and was almost comparable to

normal grougFigure a) as well as dexamethasone treated g(figpre c).
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Table 12: Polyessential oil formulation ofA. glauca, C. aromaticum, C. domestica,

M. arvensis, O. vulgare. Ovalbumin induced sensitization in mice with low,

medium and high dose

. Abs_olute_ IgE in Monqcyt Neutrophils Lymphoc Eosinophils
Grouping | eosinophi blood esin in BALE ytes in in BALE
| count serum BALF BALF
Normal 125;-'3'67 0'802:-'0'03 54(.)(:3(;2. 3.00£0.4472 10+1.155 | 2.00£0.2582
Ovalbumin 325;-'3'69 6'10(7)1'0'05 88+2.000| 13.00+1.125 50+1.88 | 11.00+1.414
Dexametha
cone 200+4.97 | 3.200£0.02| cc 1 qeel 4 0040.6831 25-83%1.0| 4.0000.730
3 8 78 3
(2mg/kg)
Low dose | 186+28.1| 1.100+0.05| 64+1.528| 7.00@0.683| 34.5+1.25| 6.00+0.7303
(125I“l L/kg) 6*** 4*** *%k%k 1*** 8*** *%
Medium | 175.3 69| 0.700+0.08| 59+1.862| 5.000+1.390 31:+0.7303| 3.167+0.477
dose (250 7*** l*** *%k%k **k% *%k%k 3***
pHL/kg)
High dose | 153+5.98 | 0.600+0.08| 55+1.155| 4.000+0.683 28+0.9309| 2.833+0.477
(500'.1 L/kg) 7*** l*** *%k%k 1*** *%k%k 3***

Ovalbumin induced asthmatic group showed signitiedevation in all inflammatory

mediators (AEC in blood, Serum

IgE, monocyte, ruhils,

lymphocytes,

eosinophils in BALF). Whereas, standard dexametig@mg/kg) group and Eos

treated (125uL/kg, 250ul/kg, 500uL/kg) groups. sbdwsignificant decrease in

inflammatory cells when compared to asthma indugexlip. One-way analysis of

variance test revealed p value 0.0001* differanben compared to Asthma control

group.
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Figure 31: Polyessential oil parameters evaluateah imice

Abmlute Eodnophll count

Polyessential oil treatment groups low dose, medimse and high dose is *p<0.005
compared to ovalbumin-treated group, representecheen + standard error of the
mean, nx6 per group. Effect of polyessential oiinfalation on mice blood serum

immunoglobulin E, IU/L (1B); Absolute eosinophil wat, cells/cubic millimeter
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Polyessential oil formulation's (low, medium andhidose) effect on monocytes &
lymphocytes, two types of inflammatory cells fouimdthe bronchoalveolar lavage
fluid of mice, percentage (2A, 2B); Impact of pdgential oil on inflammatory cells:
percentage (2C, 2D) of neutrophils in the bronchealar lavage fluid of mice; For
every group (n = 6), the mean + standard errohefrhean was employed, with p <

0.001 in relation to the ovalbumin group.

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 95



Results

Figure 32: Histopathology of mice lungs in Polyesséal oil formulation

(a)Normal (b) OVA induced
(c) Dexamethasone (2mg/kg) (d) Low dose (125uL/kg)
(e) Medium dose (250uL/kg) (f) High dose (500uL/kg)

Histopathology of lung section of mice Ovalbumieated group (figure b, 40X, H&E
stained) showed significant inflafataatory change©d#A-induced allergic asthmatic
mice A Narrowing of Airway $EEpitheIial hyperpla, y inflammatory cells,

/Peribronchial cells. The histopologlogical changeiicechy, OVA were markedly
suppressed by treatment of Polyessential oil foath low dose 125 pL/kg treated
group (figure d); medium dose 250 uL/kg treatedugrdfigure e); high dose 500
uL/kg treated group (figure f) was almost compagatiol normal group (figure a) as
well as dexamethasone treated group (figure c).
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6.DISCUSSION

Essential oils have different pharmacological props, as proven by several
studies. In recent years, life scientists & cliaits have focused more on natural
goods as an alternative to traditional treatmeNttural remedies have lower side
effects, more patient compliance, & lower coststiathodox therapy. Mainstream

drugs & treatments sometimes have few benefits &ynside effectd

Respiratory disease of allergic type which getggered due to various
spasmogens like ACH, LTs, PGs or an particularrgdéle exposure reflecting the
acute broncho constriction signals is referredsthraalnflammatory mediators such
as histamine & others results in series of changedronchial host tissue by
enhancing the secretion of mucus along with caostiini of bronchial smooth

muscles rapidly.

Firstly, we have performed qualitative analysisl6fessential oils as we had
procured EO’s from various sources. GCMS was donassociation with RMRC,
Belagavi. After that we started pilot study to lereie the broncho dilating activity of
10 Essential oils by using in vitro model i.e. spafytic activity on guinea pig in
isolated tracheal chain model. Guinea pig trackkaln is much more sensitive for
dose relative contraction of agonist like histam{tieg, 2ug, 4ug, 8ug & 16ug of
histamine dose given respectively) in isolatedheat chain preparation. Out of 10
essential oils 2 did not showed decrease in cadrecof tracheal smooth muscle in
presence ofZingiber officinale & Alpinia galangaHence, we finally selected 8
essential oilsA. glauca, C. aromaticum, C. camphora, C. domestitaarvensis, M.

oleifera, O. vulgare & Z. armatuyro start our main research objective.
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As preclinical studyln vivoguinea pigs used to examine EOs' bronchodilating
effect had increased PCT latency due to histad{hé®CT latency increased
significantly (P < 0.001) in this investigation,asting EOs' bronchodilating effect

against histamine.

The study aimed to evaluate the effects of variessential oils on pre-convulsive
dyspnea (PCD) induced by histamine in guinea @igapdel known for its sensitivity
to histamine-induced respiratory distress. Therdgdeoils were administered at two
different doses (200uL/kg and 400uL/kg), and dexhamone was used as a positive
control. Dexamethasone (2mg/kg), a known anti-mfi@atory and bronchodilatory
agent, significantly increased PCD time by 50.5808€éls compared to the negative
control group 6.17 seconds. This significant inseeauggests its potent protective
effect against histamine-induced respiratory déstri@ the guinea pig model. Various
essential oilsA. glauca, C. aromaticum, C. camphora, C. domestitaarvensis, M.
oleifera, O. vulgare, Z. armatymvere tested at both low dose (200uL/kg) and high
dose (400uL/kg) dosed\. glauca significantly increased PCD time at both doses
200uL/kg:53.74 + 6.36 second& 400uL/kg:67.17 + 6.48 secondsompared to the
negative control,C. aromaticum significantly increased PCD time at both doses
200uL/kg:23.98 + 4.69 second& 400uL/kg:51.67 £ 7.93 secondsompared to the
negative control,C. camphora significantly increased PCD time at both doses
200uL/kg:42.94 + 4.49 second& 400uL/kg: 51.00 + 0.73 secondsompared to the
negative control,C. domestica significantly increased PCD time at both doses
200pL/kg:60.75 + 0.30 second& 400uL/kg: 74.35 + 0.91seconds compared to the
negative control,M. arvensis significantly increased PCD time at both doses
200pL/kg:37.77 + 3.52 second& 400puL/kg: 63.00 + 0.73 secondsompared to the

negative control,M. oleifera significantly increased PCD time at both doses
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200pL/kg:32.94 + 8.92 second& 400uL/kg: 70.00 + 1.09 secondsompared to the
negative control.O. wulgare significantly increased PCD time at both doses
200pL/kg:27.03 + 4.41 second$ 400puL/kg: 60.49 + 2.22 secondsompared to the
negative control,Z. armatum significantly increased PCD time at both doses
200pL/kg:61.20 = 0.29 second& 400uL/kg:69.48 + 0.99 secondsompared to the
negative control. There was a dose-dependent respaimserved with essential oils.
The higher dose (400uL/kg) showed a greater inerea®CD time compared to the
lower dose (200uL/kg), indicating a potentially mgronounced protective effect at

higher concentrations.

Anotherin vivo model of OVA-induced allergic airway inflammatieshowed raised
blood IgE & eosinophilic infiltration in the lungsimilar to asthma. Eosinophil count
increased in untreated animals after OVA expos#sthmatic group showed
significant increase iAEC (325+3.69)compared to normal groui25+3.69),while
dexamethasone treatment resulted in significantedse(200+4.97).200uL/kg dose
of essential oil had significant decrease in AE@pared to asthmatic control given
in the table 8. There was significant increased $®rum IgE level with asthmatic
group (6.10+0.05)as compared toormal group (0.80+0.03)whereas after treatment
with dexamethasonet decreased significantly #®.20+0.02)& after 200uL/kg dose
of EOs treatment, groups show decreased serum égEl lwhich was highly
significant as like dexamethasone group as showvineitable 9. Neutrophil count in
BALF was also eminent in reply to the inflammation daethe OVA exposure.
Asthmatic group showed significant elevation in Neutrophil coui3.00+1.12)
whereaglexamethasone group (4.00+0.6&) dose 200uL/kg of Essential oil groups
showed significant decrease in Neutrophil count@spared with asthmatic control

given in this abovéable 10.Eosinophil count in BALF was also eminent in reply to
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the inflammation due to the OVA contact. Asthmagioup showed significant
elevation in Eosinophil count(11.00+1.41) whereas dexamethasone group
(4.00£0.73)& dose 200uL/kg of Essential oil groups showeadisicant decrease in
eosinophil count as compared with asthmatic corgireén in this aboveable 11
Histopathology of lung section of mice Ovalbumieated group (figure b, 40X, H&E
stained) showed marked reactions in the lung ckeniaed by the infiltration of
inflammatory cells specially in peribronchial aneripessel areas. Eosinophilic
inflammation of the airways is a common feature afiergic asthma. Structural

remodeling of airway wall observed.

Overall, in OVA-induced asthma manifests as nedtitppmacrophagic,
eosinophilic, & lymphocyte infiltration into the dmchus lumen & resembles chronic
airway inflammation. Due to allergies, infectiongf other medical conditions,

eosinophils become active. Blood eosinophils dess@aconsiderably during EO

therapy'+-24

Since asthma is usually linked to IgE, it's allef§? Skin tests & serum IgE
specificity levels show a substantial link betwesesthma & allergic sensitization in
many studies. An allergic reaction caused by egsiitic recruitment & mast cell

inflammatory mediator productio*

Thus, IgE blocking may prevent & ameliorate allesyynptoms:** Essential
oils significantly reduced serum IgE in one invgation. Granule-derived basic

proteins from asthma eosinophils have been fourhinF.**°

The vicious cycle of tissue injury & inflammatorgltrecruitment shows that

chronic inflammation can persist without allergeBssinophil in sputum correlates
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with persistent airway blockad&® The study found that essential oil treatment
significantly reduced BALF eosinophils (P < 0.00@hile dexamethasone treatment
had a similar effect:® No comparison was performed between essentiakodther
bronchodilators. Along with eosinophils, neutrophare important in the late phase of
asthma. There is little study on essential oilgi-i@flammatory & anti-asthmatic
gualities. The primary compounds in essential ails thymol, carvacrol, linalool,
camphor, 1,8-cineole, menthol, & others. Our chossgential oils contain anti-

asthmatic chemicaf$’

Soyingbeet al (2015) concluded thaEucalyptus grandigssential oil having
major chemical constituentspinene, borneol, p-cymene, 1,8-cineole, d-limon&ne
a-terpineol having concentration dependent antaminatory, anti-cough & anti-

asthmatic activity*?

Wright CE et al (1997)reported menthol has dual action on sensory né&ves
smooth muscle, this compound might possess thetiageart in URTI, bronchitis &

asthmat*®

Juergens URet al (2004) found that 1,8-cineole in eucalyptus oil inhibits
cytokines to regulate airway mucus hypersecretiaicating long-term treatment for
asthma, sinusitis, & COPD exacerbatioh.Juergens et al (1998) found that
eucalyptol oil (1,8-cineole) inhibits arachidonicich metabolism in human blood
monocytes, resulting in anti-inflammatory effeaisbironchial asthm&®> Boskabady
MH et al (2003)found that carvacrol inhibits phosphodiesteras€a&antagonism in
guinea pig smooth muscles, bronchodilating th&Morice AH et al (1994)found
that menthol reduces citric acid-induced coughdmmal peoplé!’ Boskabady MH

et al (2003) found thatCarum copticumessential oil relaxes guinea pig tracheal
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chains. Menthol, camphor, & cineole were antitussivcitric acid-induced asthma in
conscious guinea pig}éf.3 Nepeta catarialLinn oil spasmolytic and bronchodilatory,
according tdGilani AH et al (2009).The twenty-seven components of NC oil include
1,8cineol (21.00%), humulene (14.44%), pinene @%)¥ and geranyl acetate
(8.21%). In rabbits, Nc. Oil, papaverine, and vempia jejunum block calcium
channels by inhibiting immediate and enhanced Km(8) precontractions and

shifting Ca++ CLRCs to the right*®

Wang ZW et al (2015)concluded that volatile oil oingelicae Sinensist the
amount of 40-160 mg/kg could enhance the respiatapacity & the asthmatic
behaviors in rats, & also upgrade IL-10 levéfsGong JH et al (2015) presented
anti-asthma, anti-cough & expectorant activitieDinSophiaseed oilin-vivo. The
seed oil ofD. Sophiainhibits frequency or enhances cough’s latentqokrihat even
supports the effect of anti-tussiveness. In addjtiwshenD. Sophiaseed oil fraction
on evaluatingn- vivo bronchial constriction induces heterogenous spfaystamine
& ACH in guinea pigs, significantly supporting tleéect of anti-asthma on theh?,
Modupe O et al (2009) evaluated essential oil derived frdauphorbia hirta Lin’s
dried leaves, for potentially treating asthma. Tikemers of Phytol, 3,7,11,15-
tetramethyl-2-hexadecene-1-ol & 2,6,10-trimethyirad cane identified in thé&.

Hirta leaves has demonstrated that inflammatory comditaan be managed.

Therefore, it could be this mixture which providetief to asthmatic patients
which is an inflammatory disorder of airways of @hic type. The presence of oleic
acid even exerts anti — inflammatory activity proithg a promising effect in patients
affected with asthm& de Sousa AAet al (2010)explored the anti — spasmodicity of

essential oil procured frorivientha piperitaon rat’'s tracheal muscles. The authors

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 102



Discussion

intended to describe the anti-spasmodic actionepppr mint oil in isoltated trachea
of rats with carbachol contraction, an ingrediesterting spasmodic action through
bounding muscrainic receptors. Enhanced degree ©f was seen in specific
spasmodic situations, such as allergic rhinitis,DMR& both phases of asthma —

immediate & late.

Their experiments suggested that the Nitric oxigigttsase enzyme influences
the peppermint oil relaxing action on smooth musaé trachea along with nitric
oxide synthase enzyme involvemétftFarooq A et al (2015) tested Extra Virgin
Olive oil (Oleaeuropea) against Milk-Induced Leuldmsis & Eosinophilia under
asthma conditions. Eosinophils are important ine latsthmatic inflammation.
Eosinophils secrete mediators that cause epithdéiger shedding, broncho-
constriction, & respiratory inflammation, which t#o allergic conditions. Olive oil
orally inhibited milk-induced eosinophilia, whileillnintoxicants increased the count.
This suggests that olive oil reduces milk-inducedkbcytosis via stabilising tissue

oxidative stres$>®

Shirole L et al (2015)described the anti-asthmatic, sedative, & spastigoly
effects ofPistacia Integerrima EOPI) Stewart Ex Brandis Indian folk medicine. oil
1>de Cassia da Silveirat al (2013)conducted a review studying monoterpenes from
essential oils & their mode of actions The printipgonoterpene, thymoquinone
essential oil procured fromigella sativaL. (Ranunculaceae) seeds, which is a herb
in folk medicinal usage for treating eczema, astf@naflammation of bronchus.
Cineole or 1,8-cineole or 1,8-cineol (eucalyptaBpresents a monoterpene oxide
found in essential oils of various plants, sucheasalyptus, commonly utilised in

treating respiratory disorder triggered by infestio monoterpene borneol
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demonstrated as a stabilizer of mast cell membndmeh can be utilised to treat type
| allergy. Borneol showed to exhibit inhibitory amt on histamine release from mast
cells of abdomen by 40.4%. thymol nullifies the tnephilic release Carvacol &
Linalool found in monoterpenes is utilized for afimation of chronic type. Their
review demonstrated the anti — inflammatory role nebnoterpenes which was
bioactive on inflammatory experimental models. Tieports demonstrated the
management ability of this chemical category featimg novel anti — inflammatory
problems like asthma, allergy, inflammation, lympyes, cytokines & immune
disorders. The principal materials of EOs were meihtmenthone & 1,8-cineole etc
which of its components is/are responsible for -aléirgic action demands

research>

Furthermore, On the basis dh-vivo studies i.e. Histamine induced
Bronchospasm for Polyessential oil formulation vesrdnselected these essential oils;
Mentha arvensis, Curcuma domestica, Origanum velgaAngelica glauca,
Cinnamomum aromaticuimave shown significant results. To prepare polyeesal
oil formulation with tween 80 & water as emulsidile had selected three dosage low
125 pL/kg, medium 250 pL/kg & high dose 500 pL/A&g have takeim-vivo model
for pilot study i.e. ovalbumin induced sensitizatim mice & taken normal group,

ovalbumin group & dexamethasone group values froewipus study as reference.

BAL fluid revealed airway inflammatory cells afte©DVA challenges.

Ovalbumin increased overall inflammatory cell cautwto much.

At high dose 500uL/kg showed highly significant ese in inflammatory
cells comparative to standard dexamethasone grilgnlute Eosinophil Count was

153+5.987, IgE in blood serum was 0.600+0.081. Mgites, neutrophils,
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lymphocytes, eosinophils in BALF 55£1.155, 4.00&831, 28+0.9309 &

2.83310.4773 respectively. In standard dexametreg¢dmg/kg) group the Absolute
Eosinophil Count was 200+4.973, IgE in blood semas 3.200+0.028. Monocytes,
neutrophils, lymphocytes, eosinophils in BALF 55835, 4.00+0.6831, 25.83+£1.078

& 4.000+0.7303.

Medium dose 250uL/kg significant decrease in infi@tory cells. Absolute
Eosinophil Count was 175+3.697, IgE in blood semuas 0.700+0.081. Monocytes,
neutrophils, lymphocytes, eosinophils in BALF 5890, 5.000+1.390, 31+0.7303 &

3.167+0.4773.

Low dose also 125uL/kg showed significant decreasieflammatory cells.
Absolute Eosinophil Count was 186+28.16, IgE indolcserum was 1.100+0.054.
Monocytes, neutrophils, lymphocytes, eosinophilBALF 64+1.528, 7.000+£0.6831,

34.5+1.258 & 6.00+0.7303.

Further research using vivo models, particularly in guinea pigs and mice,
confirmed the anti-inflammatory effects of selectessential oils. These studies
highlighted reductions in eosinophilic infiltratian the lungs, decreased serum IgE
levels, and modulation of inflammatory mediatorsicial in asthma pathogenesis.
Notably, essential oils such as those derived frigl@ntha arvensis, Curcuma
domestica, Origanum vulgare, Angelica glau@d Cinnamomum aromaticum

showed significant antiasthmatic effects in histarinduced bronchospasm models.

The mechanisms behind these therapeutic effectdvimwarious functional
groups present in essential oils, such tagpenes, esters, alcohols, aldehydes,

phenols andaromatic ketones Various functional groups in essential oils (EOs)
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significantly influence their anti-inflammatory adty. These compounds or
functional group act through inhibition of inflamtoay mediators leading to reduced

inflammation and improved respiratory functitn.

Terpenoids in essential oils act like natural anti-inflammat@gents by blocking
NF-«B and MAPK pathways. Compounds lilkedcohols, aldehydesand ketones
found in essential oils have groups (-OH, —-CHO, —C9) that lower inflammation
by reducing cytokines or boosting antioxidants. cggecompounds in plants likp-
caryophyllene, limonene andnerolidol reduce inflammation by blocking processes
like neutrophil migrationp-eudesmolbinds strongly to COX-2 and TNé&-while -
caryophyllene affects receptors like TLR4 and Nrf-2, reducinglammation and
enhancing antioxidant defense&imonene and 1,8-cineole targets multiple
inflammation pathways.Cinnamaldehyde from cinnamon fights inflammation,
turmerone in turmeric block PGE2 and TNé-production, which helps to prevent
inflammation-related issues. Additionally, some @ounds like g-caryophyllene
andlimonene exert antioxidant effects and inhibit pro-inflamiog enzymes, further

contributing to their antiasthmatic propertfés.

Essential oils, represent a promising avenue femtanagement of asthma and other
inflammatory respiratory conditions due to theirltiiaceted pharmacological actions
and favourable safety profile compared to convewtidherapies. Further research is
warranted to elucidate specific mechanisms of acind optimize formulations for

clinical use.
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7. CONCLUSION

Essential oils demonstrated significant bronchexaht effects in both histamine-
induced bronchoconstriction in guinea pigs and lwain-induced airway

inflammation in mice.

Key findings from the study include:

1. Histamine-Induced Bronchoconstriction: Treatment with Eos increased the
time of preconvulsive dyspnea in histamine-indugathea pigs, indicating a
broncho-relaxant effect.

2. Ovalbumin-Induced Airway Inflammation: Administration of Eos

significantly reduced:

o

Absolute blood eosinophil count
o Serum levels of immunoglobulin E (IgE)
o Percentage of eosinophils and neutrophils in broalsieolar lavage
fluid (BALF)
o Histopathological changes in lung tissues were biptauppressed by
Eos.

3. Comparison with Dexamethasone: The efficacy of EOs in reducing
inflammatory markers (blood eosinophils, IgE ley@#\LF eosinophils and
neutrophils) was comparable to dexamethasone group.

4. Histopathological Improvement: Histopathological examination of lung
tissues showed that EOs ameliorated bronchial astietated changes,
indicating its potential to alleviate structuraldamflammatory aspects of

asthma pathology.
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The poly essential oil formulation composedvEntha arvensis, Curcuma domestica,
Origanum vulgare, Angelica glauca, and Cinnamomum aromaticum, formulated with
Tween 80 and water as an emulsion, demonstratadfisamt anti-inflammatory

effects in an ovalbumin-induced sensitization madelsthma in mice.

Key findings from the study include:

1. Inflammatory Cell Counts: Treatment with the poly essential oil formulation
at all dosage levels (125 pL/kg, 250 pL/kg, and pQGkg) resulted in a
significant decrease in inflammatory cells in theorichoalveolar lavage
(BAL) fluid compared to the ovalbumin group.

2. Comparison with Dexamethasone: At the high dose of 500 pL/kg, the poly
essential oil formulation showed a highly signifitaecrease in inflammatory
cells compared to the standard dexamethasone w&aat(@ mg/kg). This
included a notable reduction in Absolute Eosinogbdunt and serum IgE
levels, as well as decreased levels of monocytestrophils, lymphocytes,
and eosinophils in BAL fluid.

3. Dose-Dependent Effectss The anti-inflammatory effects were dose-
dependent, with higher doses (500 plL/kg) generadigulting in greater
reductions in inflammatory markers compared to medi(250 pL/kg) and
low doses (125 pL/kg). However, even the low andlima doses showed
significant decreases in inflammatory cell countsl associated markers

compared to the ovalbumin group.
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4. Therapeutic Potential: These findings suggest that the poly essential oi
formulation has potential as a therapeutic option managing asthma,
potentially offering benefits comparable to or everceeding those of

dexamethasone in terms of reducing inflammation.

Overall, present investigation found that the Psdgmtial oil formulation
dose-dependently inhibits ovalbumin-induced sezsditbn in mice, likely due to the
chemical contents of each oil. This research neeti® confirmed before applying it
to humans because poly essential oil formulatios hat been studied before.

Few research had examined poly herbal anti-astbrfatnulations:>®*%°

Furthermore, research on the EO effect on humats del needed to
understand & advance this topic. Essential oils &ural chemicals offer promise,
although their pharmacological characteristics &gasses are unknown. Essential
oils may improve or replace clinical standard tmeexts, which are becoming
ineffective, inefficient, & more harmful. Future viestigations could explore its

specific mechanisms of action and potential clingggplications in humans.
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Summary

8. SUMMARY

Based on the in vivo studies using a histaminegedubronchospasm model
and ovalbumin-induced sensitization in mice, foasemntial oils Mentha arvensis,
Curcuma domestica, Origanum wvulgare, Angelica glauca, and Cinnamomum
aromaticum) were selected for the preparation of a poly esasleril formulation with
Tween 80 and water as an emulsion. Three dosagés|@oew: 125 plL/kg, medium:

250 pL/kg, high: 500 puL/kg) were tested in the fp#tudy.

Results from the study indicated that ovalbumirsgeration increased overall
inflammatory cell counts in the bronchoalveolar dge (BAL) fluid. However,
treatment with the poly essential oil formulatioh @l dosage levels led to a

significant decrease in inflammatory cells comparethe ovalbumin group.

At the high dose of 500 plL/kg, there was a highibngicant decrease in
inflammatory cells compared to the standard dexhasemne group (2 mg/kg).
Specifically, the Absolute Eosinophil Count anduserigE levels were significantly
reduced compared to the dexamethasone group, andettels of monocytes,

neutrophils, lymphocytes, and eosinophils in BAlidlwere also notably lower.

Similarly, at the medium dose of 250 pL/kg and kese of 125 pL/kg, there
were significant decreases in inflammatory cellmpared to the ovalbumin group.
Absolute Eosinophil Count and serum IgE levels éased with decreasing dosage,
and the levels of monocytes, neutrophils, lymphesyand eosinophils in BAL fluid

showed a decreasing trend as well.
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Summary

In summary, the poly essential oil formulation dewstoated significant anti-
inflammatory effects in the ovalbumin-induced sémnation model, with higher doses
leading to greater reductions in inflammatory a@unts and associated markers,

suggesting its potential as a therapeutic optiom$éthma management.
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The presentinvestigation aimed to evaluate the activity of the essential Received 7 January 2017
oil of Mentha arvensis L. on exogenously induced bronchoconstriction ~ Accepted 15 March 2017
in experimental animals. The anti-asthmatic effect of M. arvensis
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guinea pigs. Oral treatment of MAEO significantly (p <0.001) decreased

absolute eosinophil count, serum level of IgE and the number of

eosinophils, neutrophils in BALF. Histopathological examination

of lungs showed that essential oil rescinded bronchial asthma. The

present investigation provides evidence that MAEO relaxes bronchial

smooth muscles and suppressed immunological response to OVA.
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1. Introduction

Bronchial asthma, a common chronic inflammatory airway disease affects as many as 334
million people of all ages worldwide. It is a substantial health care burden and affects quality
of life, due to its physical, psychological and social effects (GAN 2014). Currently available
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treatments for asthma such as beta-2 agonist, anticholinergics, methylxanthines, mast cell
stabilizers, leukotriene antagonist, glucocorticoids, IgE antibody like omalizumab etc. on
long term basis, are associated with several adverse effects like muscle tremors, restlessness,
hyperglycaemia, tachycardia, flushing, convulsions, mood changes, adrenal crisis etc.
(Katzung et al. 2009). Essential oils of plants have been traditionally used for respiratory tract
infections, and are used nowadays for coid (Inouye et al. 2001).

In Ayurvedic medicine M. arvensis is advocated for the treatment of asthma, nasal catarrh,
bronchitis, cough, liver and spleen disease (Kapoor 1990). Moreover, the essential oil con-
stituents viz,, I-menthol, menthone and 1,8-cineole (chewing gum constituents) exhibited
anti-allergic effects (Arakawa & Osawa 2000). Marked variation (30.0-93.7%) of menthol
content and other chemical constituents in the essential oil of M. arvensis from different
region has been reported (Pino et al. 1996; Alankar 2009; Joshi 2014a). The aim of present
study was to evaluate the anti-asthmatic activity of commercially available essential oil of
MAEO using in vivo models.

2. Results and discussion
2.1. Analysis of the essential oil

The identified compounds are listed in Table 51. The major constituent of the MAEO was
menthol (72.6%). The other minor constituents were menthone (8.5%), limonene (3.3%) and
menthyl acetate (2.4%).

2.2. Effect of MAEO on histamine-induced bronchoconstriction in guinea pigs

The MAEO significantly (p < 0.001) and dose dependently increased the latency of precon-
vulsive time (PCT) in histamine-challenged animals with the values of 37.77 + 3.52% and
63.00 + 0.73% at the dose of 200 and 400 pl/kg, respectively. The increase of PCT at a dose
of 400 pL/kg was comparable to that of dexamethasone (Table 52).

2.3. Effect of the MAEO on OVA-sensitised mice

2.3.1. Absolute eosinophil count in blood and serum IgE level in OVA-sensitised mice
MAEO treated group at the dose of 200 pl/kg body weight significantly (p < 0.001) decreased
inflammatory cells in blood (Figure 1A). On the day 15, after final OVA sensitisation, signifi-
cantly increased serum level of IgE was observed in untreated mice. The treatment with
MAEO significantly (p < 0.001) decreased the level of serum IgE at the dose of 200 pl/kg
(Figure 1B).

2.3.2. Inflammatory cells from BALF
In animals, sensitised with OVA and treated with MAEO (200 uL/kg), the inflammatory cells
were significantly (p < 0.001) decreased as compared to that of untreated group (Figure 1C, D).

2.4. Histopathological changes in lung tissues

Lung sections of mice exposed to OVA stained with haematoxylin and eosin showed signif-
icant inflammatory changes in peribronchial and perivascular areas, increased bronchial
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Figure 1. Effect of MAEO on: (A) blood eosinophils countin mice; (B) serum IgE in mice; (C) BALF eosinophils
in mice; (D) BALF neutrophils in mice. Values are expressed as mean + standard error of the mean, where
n = 6 in each group, *p < 0.001 compared with ovalbumin treated group.

Figure 2. Microphotography of mice lung section stained with haematoxylin-eosin (40x). Normal control
(A); Ovalbumin treated (B); Dexamethasone treated(C); MAEO (200 uL/kg) treated (D).

KLE College of Pharmacy, KLE Academy of Higher Education and Research, Belagavi. Page 136



Annexures

NATURAL PRODUCT RESEARCH (@) 471

muscles thickening and epithelial hyperplasia (Figure 2B). The histological changes induced
by OVA were markedly suppressed by treatment with MAEO (200 pL/kg) (Figure 2D) and was
almost comparable to normal (Figure 2A) as well as dexamethasone (Figure 2C) treated
groups.

Asthma is an allergic respiratory disease commonly characterised by increased airway
reactivity to different spasmogens. Bronchial asthma is triggered by the release of inflam-
matory mediators like histamine, acetylcholine, leukotrienes, prostaglandins, or specific
exposure to allergens, leading to acute bronchoconstriction (Nelson 2003). Bronchodilator
effect of MAEO was evident by significantly increased latency for PCT in guinea pigs.
Eosinophil suppressant effect of MAEO suggests its anti-allergic activity and its efficacy in
ameliorating allergen-induced asthma. IgE is invariably associated with the pathogenesis
of asthma and its inhibition by MAEO indicates its efficacy in asthma and other allergic
condition (Platts-Mills 2001). Moreover, eosinophil granule derived basic proteins have been
implicated with asthma (Bloemen et al. 2007). Suppression of neutrophils in BALF and inflam-
matory changes in lung tissue indicate anti-inflammatory activity of MAEQ. Thus, anti-allergic,
anti-inflammatory, immunosuppressant and bronchodilator activity of MAEO together
appear to contribute for its efficacy in bronchial asthma. The major compounds of MAEO
were menthol, menthone and 1,8-cineole, but which of its constituents is/are responsible
for anti-allergic activity need to be explored.

In conclusion, the essential oil used in the present study contains more than 70% menthol
and oxygenated monoterpenes along with other chemicals. It is difficult to predict the con-
tribution of chemicals other than menthol for the observed anti-asthmatic effect of MAEO.
The present investigation provides evidence that MAEO relaxes bronchial smooth muscles
and suppresses immunological response to OVA. The traditional use of MAEO for bronchial
asthma could be attributed to its bronchodilator and immunosuppressant properties as
observed in present study.
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Sharma, et al.: Antiasthmatic Activity of Zanthoxylum armatum Oil

Zanthoxylum armatum DC. is used in traditional medicines as a therapy of many diseases including bronchial
asthma. The antiasthmatic effect of Zanthoxylum armatum essential oil was studied using histamine aerosol-
induced bronchoconstriction in guinea pigs and ovalbumin-sensitized albino mice. Absolute eosinophils
count in blood, total immunoglobulin E, eosinophils and neutrophils in bronchoalveolar lavage fluid
and histopathology of lung tissue were investigated. Treatment with Zanthoxylum armatum essential
oil significantly increased the time of preconvulsive dyspnoea in histamine-induced guinea pigs. Oral
treatment of Zanthoxylum armatum oil showed significant decrease in absolute eosinophils count, serum
level of immunoglobulin E and the number of eosinophils, neutrophils in bronchoalveolar lavage fluid.
Histopathological examination of lungs showed that essential oil rescinded bronchial asthma. Results
obtained in the present investigation provided evidence that essential oil of Zanthoxylum armatum caused
bronchorelaxation and showed antiasthmatic properties. The traditional use of Zanthoxylum armatum
essential oil against asthma could be attributed to the bronchorelaxation and antiasthmatic activity.

Key words: Zanthoxylum armatum, bronchorelaxation, antiasthmatic activity, essential oil

Asthma is a chronic disease involving the airways
inflammation of the lungs. These airways or bronchial
tubes allow air to come in and out of the lungs.
Asthma can be classified as allergic asthma, caused
by exposure to an allergen and non-allergic asthma
caused by stress, exercise, illnesses like a cold or flu
or exposure to extreme cold weather, irritants in the air
or by some medications!". Sometimes asthma is called
bronchial asthma or reactive airway disease. Asthma
is characterized by inflammation of the bronchial
tubes with increased production of sticky secretions
inside the tubes. Common asthma symptoms include,
coughing especially at night, wheezing, shortness of
breath, chest tightness, pain or pressure®. The burden
of asthma is immense, with more than 300 million
individuals currently suffering from asthma worldwide,
about a tenth of those living in India. The prevalence
of asthma has been estimated to range 3-38 % in
children and 2-12 % in adults, being the commonest
chronic disorder among children®. Although
currently available treatments for asthma include
B-2 agonists, anticholinergics, methylxanthines,
mast cell stabilizers, leukotriene antagonists,
glucocorticoids, antiimmunoglobulin E (antilgE)
antibody like omalizumab, which are administered
for long duration. Moreover, these treatments are
associated with several adverse effects, like muscle
tremors, restlessness, hypotension, hyperglycaemia,
tachycardia, flushing, convulsions, mood changes and
adrenal crisis!'. To minimize and possibly prevent

*Address for correspondence
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these side effects alternative and complementary
medicine is being sought. Some essential oils obtained
from plants have been traditionally used in respiratory
tract infections. Essential oils inhalation therapy has
been used to treat bronchitis as it has antiinflammatory
effect on tracheal™.

Zanthoxylum armatum DC. (Rutaceae) is an important
medicinal plant, which is commonly known as Indian
prickly ash, Nepal pepper or toothache tree, Tejphal
(Hindi), Tejowati (Sanskrit), and Mukthrubi (Manipuri
and Nepal)'®). In traditional medicine Z. armatum is
used in treatment of asthma, bronchitis, colic, cough,
convulsions, cardiac debility, diabetes, diarrhoea,
dyspepsia, fever, goitre, difficult micturition, eye
and car disease, helminthiasis, hepatopathy, leprosy,
leucoderma, paralysis, skin disease, stomach disorder,
tumours, ulcers and wounds!”®. The Bhotiya tribes
of India use this plant to treat cough and colds?. The
major essential oil constituents such as 3-borneol, iso-
bornyl acetate, dihydrocarveol!'?), linalool, a-limonene
diepoxide, o-pinene, myrcene, D-limonene!'!,
have been reported as the major constituent of the
Z. armatum essential oil. Various biological
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allows others to remix, tweak, and build upon the work non-commercially,
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activities viz. antioxidant activity!'”, anticonvulsive,
antinociceptive activity™  and  antifungal,
antispasmodic, antibacterial'! have been reported
from essential oil of Z. armatum. The essential oil of
Z. armatum has not been explored for its effect related
to medicinal use as asthma disorder. Therefore, the aim
of present study was to evaluate antiasthmatic activity
of the essential oil of Z. armatum using in vivo models.

The following reagents were commercially purchased
and used: ovalbumin (OVA, Sigma-Aldrich, USA),
aluminium hydroxide, histamine dihydrochloride,
Tween 80 (HiMedia, Mumbai, India), dexamethasone
(Centaur Pharmaceuticals, Goa), Turk solution (Nice
Chemical Pvt Ltd., Cochi), ethylenediaminetetraacetic
acid disodium salt (EDTA-2Na) and Z. armatum oil
(Kshipra Biotech Private Limited, Indore, India).

Female guinea pigs (400-600 g) purchased from
J. N. Medical College, Belagavi, India and housed in
standard conditions of temperature (22+2°), relative
humidity (55£5 %) and light (12 h light/dark cycles)
were used for bronchoconstriction activity. They
were fed with vegetables, fruits, grass and water
ad libitum.Femalealbino mice (18-25 g) were purchased
from Sri Venkateshwara enterprises, Bengaluru, India
and housed in standard conditions of temperature
(2242°), relative humidity (55+5 %) and light
(12 h light/dark cycles) were used for bronchial
asthma activity. They were fed with standard pellet
diet and provided water ad libitum. The Institutional
Animal Ethics Committee (IAEC) approved the
experimental  protocol ~ (KLECOP/IEAC/Res.22-
10/10/2015). All experiments were conducted in strict
compliance with the ethical principles and guidelines
provided by Committee for the Purpose of Control
and Supervision of Experiments on Animals. As
per the IAEC advice, since Z. armatum is used in
traditional medicine determination of toxicity of
Z. armatum oil was not performed. However, as per
literature available, the acute toxicity of rat and mice
was determined to be safe therapeutic at a dose of
2000 mg/kg (limit dose)!'>!14,

The chemical composition of the essential oil
(1 % solution of essential oil in equal ratio of
n-hexane:dichloromethane) was analysed using a gas
chromatograph (GC; Varian 450 fitted with a fused
silica capillary column TG-5, 5 % diphenyl-95 %
dimethyl polysiloxane; Thermo Scientific, 30 mx
0.25 mm id. 025 pm film thickness) under the
experimental conditions reported earlier!'*'”). The oven
March-April 2018
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temperature was programmed from 60 to 220° at 3°/min,
using nitrogen as carrier gas. The injector and the flame
ionization detector temperature were setat 230 and 240°,
respectively. Gas chromatography-mass spectrometer
(GC-MS) analysis was employed a Thermo Scientific
Trace Ultra GC interfaced with a Thermo Scientific
ITQ 1100 mass spectrometer fitted with a BP-1 (100 %
dimethyl polysiloxane; SGE Analytical Science) fused
silica capillary column (30 mx0.25 mm; 0.25 um
film thickness). The oven temperature range was
programmed from 60 to 220° at 3°/min, and helium
was used as carrier gas at 1.0 ml/min for analysis. The
injector temperature was set at 230°, and the injection
volume was 0.1 pl in n-hexane, with a split ratio of
1:50. MS was taken at 70 eV with a mass range of m/z
40-450 and other parameters used were those reported
earlier'®2°), The major constituent of the essential oil of
Z. armatum was identified and confirm (co-injection of
commercial sample from Sigma-Aldrich, India (>98 %
purity).

Experimental bronchial asthma was induced in
guinea pigs by exposing them to 0.1 % w/v histamine
acrosol under constant pressure in an acrosol chamber
(24x14%24 cm’) made of perplex glass. Each animal
was placed in a chamber with histamine acrosol and
pre-convulsive time (PCT; time of histamine aerosol
exposure to guinea pig for initiating dyspnoea leading
to the appearance of convulsions) was noted. On day 0
animals were kept in the histamine chamber and PCT
was recorded as a baseline value. Day 0, PCT was
taken as before treatment value. As per pre-convulsion
dyspnoea (PCD) was recorded, the animals were
removed from the chamber and exposed to fresh air
for recovery. After development of PCD, the animals
were divided into 4 groups (n= 6 in each group):
group-I negative control, received histamine aerosols
0.1 % w/v; group-II received intraperitoneal injection
of dexamethasone 2 mg/kg once daily for 7 d, group-I11
and IV received orally Z. armatum oil at the dose of
200 and 400 ul/kg once daily for 7 d. On the d 7, 2
h after the last dose, the time for the onset of PCT
was recorded?!. The percent increase in the time of
PCT was calculated using following formula. Percent
increase in PCT = (1-T /T,)x100, where, T = time for
PCT onset on day 0, T,= time for PCT onsct on day 7.

Female mice were divided into four groups (n= 6 in
each group), normal, negative control, standard and
treatment group. Except normal mice other groups
were sensitized by intraperitoneal injection of 50 pg
OVA and 1 mg aluminium hydroxide in 200 ul
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phosphate buffer saline (PBS) on day 1 and day 7.
Group-I was given normal saline and feed for 14 d.
After sensitization, from 8 to 14 d group-II was given
OVA acrosols (1 % w/v) in PBS for 30 min. Group-
III was given dexamethasone (2 mg/kg) intraperitoneal
injection daily for 7 d along with OVA aerosols.
Z. armatum oil was given orally to group-IV at a dose
of 200 ul/kg for 7 d along with OVA aerosols. On
day 15, 24 h after the final allergen lung lavage was
performed for preparation of bronchoalveolar lavage
fluid (BALF), trachea was aspirated (three time) with
PBS until 2 ml of BALF was taken. The suspension of
BALF was centrifuged and the supernatant collected
and stored at —80°. Blood was collected in blood
collecting tube containing disodium EDTA and absolute
eosinophils were determined by direct microscopic
counting with a haemocytometer. Blood serum was
collected to estimate IgE level; lungs were collected for
histopathological examination®?, The accumulation of
inflammatory cells in BALF was examined to evaluate
airway inflammation. Briefly, 24 h after the final
inhalation of antigen (day 15), animals were sacrificed
by over dose diethyl ether inhalation, the left bronchus
was tied for histological examination. Then, the right
air lumen was washed four times with 0.5 ml PBS
containing. BALF from each animal was pooled in a
plastic tube, cooled in ice, and centrifuged (5000 g) at
4° for 10 min. Cell pellets were re-suspended in the
same buffer (1 ml). A portion of the cell suspension
was mixed with Turk solution and nucleated cells were
counted in a haemocytometer.

Twenty-four hours after the last OVA challenge, mice
were anesthetized with diethyl ether and blood was
drawn. Differential cell counts were performed after
staining with a modified Giemsa stain and cells with red
cytoplasmic granules were counted as eosinophil’s to
calculate absolute eosinophil’s count. The serum level
of OVA-specific IgE was measured using an ELISA
kit with commercially available reagents, according
to the manufacturer's instructions. The process of
measurement was same as cytokine analysis. The
detection limit was 0.1 ng/ml for IgE.

The lungs were harvested after dissection and fixed
in 10 % buffered formalin for 24 h, dechydrated,
embedded in paraffin, sectioned into thin slices,
stained with haematoxylin-cosin and observed by
light microscopy, The degree of peribronchial and
perivascular inflammation was observed.

Results were expressed as mean+SEM where n= 6.
Differences among data were determined using
one-way ANOVA followed by Dunnet’s multiple
comparison test (GraphPad Prism software, version
5.01). P<0.05 was considered statistically significant.

The GC-MS analysis of essential oil of Z. armatum
revealed that the main compound was identified as
linalool (75.7 %). The essential oil of Z. armatum was
significantly and dose-dependently increased the latent
period of PCD. Percent increase in PCT in histamine-
induced bronchoconstriction at the dose of 200 and
400 pl/’kg body weight was found to be 61.20+0.29
and 69.48+0.99 %, respectively. Hence, the increase of
PCT at a dose of 400 pl/kg was observed maximum
protection compared to standard drug (dexamethasone)-
treated group (Table 1).

Control group showed maximum increase in cosinophil
count 24 h after the final exposure of OVA blood was
drown in blood collecting tube containing disodium
EDTA. Z armatum oil-treated group at the dose of
200 pl/kg significantly inhibited the increased
inflammatory cell (absolute eosinophils count) in blood
(fig. 1A).

Antigen-specific Th2 responses are known to induce
antigen-specific IgE antibody production. Repeated
OVA inhalation significantly increased the number
of inflammatory cells in blood serum. On the day 15,
immediately after the final OVA challenge, significantly
increased the total serum level of IgE. The treatment
with essential oil of Z. armatum significantly inhibited
the increased level of serum IgE at a dose of 200 pul/kg
body weight (fig. 1B).

After challenging with OVA, the levels of inflammatory
cells including eosinophil’s and neutrophils were

TABLE 1: EFFECT OF Z. ARMATUM OIL ON HISTAMINE-INDUCED BRONCHOCONSTRICTION IN GUINEA

PIGS

Grouping Before treatment After treatment % Increase in pre-convulsive dyspnoea time PCD
Negative control group 108 120 6.17+2.49

Dexamethasone 90 180 50.53+3.77*

Z. armatum 200 pl/kg 249 642 61.20+0.29*

Z. armatum 400 pl/kg 83 271 69.48 +0.99*

Each value was expressed as mean+SEM; where n= 6 in each group: *p<0.05 as compared with control by one-way analysis of variance,

followed by Dunnett’s test
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compared with ovalbumin-treated group

significantly increased in OVA-treated group as
compared with normal group. But, sensitization of
OVA along with the essential oil treatment, the levels
of inflammatory cells were significantly decreased
as compared with asthma-induced OVA group. The
accumulation of inflammatory cells in BALF was
significantly inhibited by 200 ul’kg body weight of
essential oil (fig. 1C and 1D).

The microscopic images of tissue sections of cach
group stained with haematoxylin and eosin. The
histopathological examination of lungs of mice exposed
to OVA showed significant inflammatory alteration in
peribronchial area and also increased bronchial muscles
thickening, epithelial hyperplasia (fig. 2). In contrast,
Z. armatum oil treatment at a dose of 200 ul/kg body
weight showed significant changes (fig. 2) as compared
to normal (fig. 2) and dexamethasone-treated groups
(fig. 2).

Asthma is an allergic and respiratory disease commonly
characterized by

March-April 2018
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different spasmogens. An initial attack of asthma was
triggered by the release of inflammatory mediators like
histamine, acetylcholine, leukotriene, prostaglandins
or specific exposure of allergens, which reflected the
signals of acute bronchoconstriction'****. Histamine
and other inflammatory mediators causes a host of
changes in bronchial tissue by increasing the mucous
secretion and simultaneous rapid constriction of
bronchial smooth muscle, which narrows the bronchial
tube and reduce the amount of air passes through them.
Bronchodilating effect of Z. armatum oil was evaluated
by observing its effects to increases the latent period of
PCT in guinea pigs. The study revealed that the time
of occurrence of PCT was significantly increased that
suggests bronchodilating activity of Z. armatum oil
against spasmogens.

Ovalbumin-induced model of allergic airway
inflammation demonstrates that IgE levels in blood
and eosinophilic infiltration in the lungs are markedly
increased in asthmatic condition. Eosinophil count
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Fig. 2: Histopathology (40 x) of lungs
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(A) Normal control; (B) ovalbumin; (C) dexamethasone; (D) Zanthoxylum armatum oil (200 pl/kg) treated

is elevated in response to the inflammation due to
the OVA exposure. The pathogenesis of asthma is
associated with increased infiltration of inflammatory
cells and excessive mucus secretion into airway. OVA-
induced asthma is recognized as a disease that results
from chronic airway inflammation characteristically
associated with the infiltration of lymphocytes,
cosinophil’s, macrophages and ncutrophils into the
bronchial lumen.

An absolute cosinophil count is a blood test that
measures the number of white blood cells called
eosinophils. Eosinophil’s become active at a time of
certain allergic diseases, infections, and other medical
conditions. Treatment of the essential oil of Z. armatum
significantly reduced the total absolute eosinophils in
the blood. Asthma is almost always associated with
some type of IgE-related reaction and therefore has an
allergic basis. Numerous epidemiologic studies have
shown a highly significant relationship between asthma
and sensitization to various allergens as demonstrated
by skin tests or the presence of specific IgE in the
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serum. IgE initiates the allergic response by causing
mast cells to release inflammatory mediators and by
recruiting eosinophils. Thus, blocking the effects of IgE
is a promising strategy for preventing or ameliorating
allergic symptoms. This study showed significantly
reduction in serum IgE level by Z. armatum oil-treated
group. Eosinophils mediator secretion in asthma has
been confirmed by BAL fluid analysis, which shows
increased concentrations of granule-derived basic
proteins,

Once established, the repetitive cycle of tissue
damage and inflammatory cell recruitment becomes
chronic. Even in the absence of sustained allergen,
the chronic inflammation persists. Eosinophil level in
sputum is associated with the degree of chronic airway
obstruction®!. In the present studies eosinophil cells
in BALF significantly lower in Z. armatum oil treated
groups as compared to the group treated by standard
drug dexamethasone. Beside cosinophils, neutrophils
also have an important role in the late-phase asthmatic
reaction. Neutrophil products can cause airway
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narrowing, increased mucus secretion and increased
antigen-presenting cells responsiveness. In this studies
essential oil of Z. armatum-treated group reduced the
elevated neutrophils in BALF. The elevated numbers
of the inflammatory cells reflects the sign of asthma.
The results of this study showed that the treatment
of Z. armatum oil (200 ul/kg) with OVA- sensitized
mice significantly reduced the levels of eosinophils,
neutrophils, and total inflammatory cells in the BALF
as compared with OVA-sensitized mice. In this study
linalool, a monoterpene was identified as the major
constituent of Z. armatum essential oil and a number
of linalool and its acetate-producing species are used
in traditional medicine systems to relieve symptoms
and cure a variety of ailments, both acute and chronic.
Linalool was evaluated for its psychopharmacological
activity in mice, revealing marked dose-dependent
sedative effects on the central nervous system®?* as
well as protection against pentylenetetrazol, picrotoxin
and transcorneal electroshock-induced convulsions,
hypnotic and hypothermic properties!**°!.

Moreover, linalool modulates glutamate activation
expression in vitro to competitive antagonism of
L-[3H] glutamate binding and in vivo model to delayed
subcutaneous N-methyl-D-aspartames-induced
convulsions and blockade of intra cerebroventricular
quinolinic acid-induced convulsions?®'*]. Furthermore,
presence of linalool in essential oil exhibited potential
antiinflammatory activity in in vivo models®®”). Hence,
obtained results of essential oil of Z. armatum provides
evidence as bronchodilator and antiasthmatic properties
in histamine and OVA-induced allergens in guinea pigs
and mice. In conclusion, the essential oils obtained
from the plants have been used traditionally for the
treatment of respiratory tract infections. The present
investigation provides evidence that essential oil of
Z. armatum has bronchorelaxation and antiasthmatic
properties. The traditional uses of Z. armatum against
asthma could be attributed to their antiasthmatic
activity as observed in present study.
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Annexures

Research Article

Effect of Angelica glauca essential oil
on allergic airway changes induced
by histamine and ovalbumin in
experimental animals

Shilpa Sharma, Vijaykumar P. Rasal, Paragouda A. Patil', Rajesh K. Joshi?

Abstract:

Objective: Angelica glauca Edgew (Apiaceae) is used in traditional medicine for trealment of several diseases
including bronchial asthma. The present investigation was aimed lo evaluate broncho-relaxant activity ol A. glauca
essential oil in histamine and ovalbumin (OVA)-induced broncho constriction in experimental animals.

Materials and Methods: Airway was induced using histamine aerosol in guinea pigs (n = 24) and OVA aerosal
in albino mice (n = 24). The number of inflammatory cells, namely, absolute eosinophils count in blood, total
immuneglobulin E (IgE) in serum, eosinophils, and neutrophils in bronchoalveolar lavage fluid (BALF) and
histopathological examination of lung tissues were investigated in A. glauca oil and dexamethasone-treated
groups. A. glauca oil 200 uL/kg was given orally, and dexamethasone 2 mg/kg was given intraperitoneal. Both
the treatments were repeated daily for 7 days. Resulls were analyzed by one-way ANOVA, and P = 0.05 was
considered stafistically significant.

Resuits: Treatment with A. glauca essential oil significantly (P < 0.001) increased the time of preconvulsive
dyspnea in histamine-induced guinea pigs. Oral treatment of A. glauca oil significantly (F < 0.001) decreased
absolute blood eosinophil count (from 325 = 3.69 to 200 + 3.05 cells'/mm’), serum level of IgE (from 6.10 + 0.05
to 0.70 + 0.08 IU/L), and the number of eosinophils (from 11.0% £1.41% to 3.0% £0.51%), neutrophils (from
13.0% £1.12% to 5.0% +£1.39%}) in BALF. Histopathological changes observed in lungs of untreated group were
marked suppressed by trealment with A. glauca oil.

Conclusion; The essential oil of A. glauca has bronchorelaxation in both histamine and OVA-induced
bronchoconstriction in animals. The traditional use of A. glauca against asthma could be attributed to its

bronchodilator property as observed in the present study.
Key words:
Angelica glauca, bronchorelaxation, histamine, ovalbumin

Brnm-hinl asthma, a chronic disease involving
the airways affects people of all ages, but it
often starts during childhood. Bronchial asthma
is a substantial health burden, often affecting
quality of life, not only due to its physical
effects but also its psychological and social
effects!! Asthma can be classified as allergic
asthma, caused by exposure to an allergen
and nonallergic asthma caused by stress,
exercise, illnesses like a cold or flu or exposure
to extreme cold weather, irritants in the air,
or some medications.””! Bronchial asthma is
characterized by inflammation of the bronchial
tubes with increased production of sticky
secretions inside the tubes. Currently, available
treatments for asthma are managed using beta-2
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agonists, anticholinergics, methylxanthines,
mast cell stabilizers, leukotriene antagonist,
glucocorticoids, anti-immunoglobulin E (IgE)
antibody such as omalizumab are also used.
Moreover, these drugs are associated with
several adverse eflects, such as muscle tremors,
restlessness, hypotension, hyperglycemia,
tachycardia, flushing, convulsions, mood
changes, and adrenal crisis!* To minimize or
possibly prevent these side effects, alternative,
and complementary medicine is being sought.
Some essential oils oblained from plants have
been traditionally used in respiratory tract
infections. Inhalation of vapors of essential oils
augmented anti-inflammatory effect on trachea
and reduces asthma ¥
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The genus Angelica is an important medicinal and aromatic
plant used in traditional medicine to treat various diseases.
It is locally known as chora or gandrayan. The plant is
found in Western Himalaya and ranks third on the list of 52
medicinal plants prioritized for consultation and conservation.
Angelica glawca Edgew (Apiaceae) is considered to be crucially
endangered and need to be conserved M Traditionally, A. glanca
is used in medicines, aromatic spices, and condiments. A. glanca
has high global and domestic demands for the preparation of
various drug formulations. In traditional medicine, the plant
A. glauea is used in typhoid, bronchitis, flatulence, colic, and
stomach pain !l

The essential oil of A, glanca has been reported to contain
p-phellandrene, (Z)-ligustilide,” methyl octane, limonene,
f-phellandrene, fi-pinene, (Z)-ligustilide,”” ¢-phellandrene,
f-pinene, thujene, -caryophyllene, f-bisabolene, germacrene D
withoxygenated terpenes suchas trans-carveol, f-caryophyllene
oxide," u-phellandrene, f-pinene, fi-caryophyllene!™ as the
major constituents. Various biological activities, namely,
antioxidant, antimicrobial ! antifungal " and insecticidal™
have been reported. The essential oil of A, glanca has not been
explored forits effectin asthma. Therefore, the aim of the present
study was to evaluate effects of A, glauca in bronchoconstriction
induced by histamine and ovalbumin (OVA) in experimental
animals.

Materials and Methods

Reagents

The following reagents were commercially purchased and
used: OVA (Sigma-Aldrich, USA), aluminium hydroxide
(HiMedia Pvt., Ltd., Mumbai, Maharashtra, India), histamine
dihydrochloride, tween 80 (HiMedia Pvt., Lid., Mumbai,
Maharashtra, India), dexamethasone (Centaur pharmaceuticals,
Goa, India), Turk solution (NICE Chemical Pvt., Ltd., Cochin,
Kerala, India), disodium ethylenediamine tetraacetic
acid (EDTA-2Na), and A. glawca oil (Kshipra Biotech Private
Limited, Indore, India).

Animals

The female Guinea pigs (400-600 g) purchased from
I. N. Medical College, Belagavi, Karnataka, India and were
housed in laboralory conditions (temperature 22°C = 2°C
and humidity 55% 5%) for a week in 12:12 h light: Dark
cycle before starting experimentation. The female albino mice
(18-25 g) were purchased from 5ri Venkateshwara Enterprises,
Bengaluru, Karnataka, India and were trealed similarly
as Guinea pigs, before experimental study. The study was
mitiated after protocol approved by the Institutional Animal
Ethics Committee. All the experiments were conducted in strict
compliance with the ethical principles and guidelines provided
by Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) (KLECOP/IEAC /Res.
22-10/10/205).

Toxicity Study

Acute toxicity for this edible plant has been reported to
be - 2.2 g/kg for miceand 11.2 g/kg for rat ™ As per the [AEC
advise to avoid duplication of studies, acule loxicity studies
were not carried oul, and two doses 200 and 400 pL/kg were
used in the present study.
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Chromatographic Analysis of the Essential Oil of Angelica
glanca

The chemical composition of the essential oil was analyzed
using a gas chromatograph (GC) (Varian 450 fitted with a
fused silica capillary column TG-5 (30 m x 0.25 mm id, 0.25 pm
film thickness) under the experimental conditions reported
carlier./"*" The oven lemperalture was programmed from 60°C
10 220°C at 3°C / min, using nitrogen as carrier gas. The injector
and the flame ionization deleclor lemperature were sel al
230 and 240°C, respectively. GC-mass spectrometer (GC-MS)
analysis was employed a Thermo Scientific Trace Ultra
GC interfaced with a Thermo Scientific ITQ 1100 MS fitted
with a BP-1 fused silica capillary column (30 m x 0.25 mm;
0,25 mm id 0.25 pm film thickness). The oven and injector
temperature were same as used for GC, and helium was
used as carrier gas at 1.0 mL/min for analysis. The injection
volume was 0.1 pL in n-hexane, with a split ratio of 1: 50.
MS was taken at 70 eV with a mass range of m/z 40450,
and other parameters used were those reported earlier.!"™7
The major constituent of the essential oil of A. glanca was
identified and confirmed (co-injection of commercial sample
from Sigma-Aldrich, India (298% purity).

Histamine-induced Bronchoconstriction in Guinea Pigs
Bronchospasm was induced in each guinea pig by exposing to
1% histamine aerosol under constant pressure (1 kg/cm?) in
an aerosol chamber (24 cm x 14 em x 24 ¢m) made of perplex
glass, and the time for onset of dyspnea which indicates
preconvulsive time (PCT) was noted on day 0 as basal value.
As soon as, the preconvulsion dyspnea (PCD) was recorded,
the animals were removed from the chamber and positioned
in fresh air to recover. After determination of PCD, the animals
were randomly divided into four groups (n = 6 in each): group I
negative control, received normal saline orally; Group 11
received intraperitoneal (ip.) injection of dexamethasone
2mg/kg (standard drug) once daily for 7 days, Group Il and
IV received orally A. glanca oil at the dose of 200 uL/kg and
400 uL/kg once daily on 7* day 2 h after the last dose, all the
groups were subjected to histamine aerosol and the time for
the onset of PCT was recorded ™ The percent increase in the
time of PCT was calculated using following formula.

Percentage increase in time of PCT = (1 - T,/T,) 100
Where; T, = time for PCT onday 0, T, = time for PCT on day 7.

Ovalbumin-sensitization in Mice

Female mice were randomly divided into four groups (n =6 in
each), normal, negative control, dexamethasone, and A. glawca
oil treatment groups. Except normal mice, other groups were
sensitized by i.p. injection of 50 ug OVA and 1 mg aluminum
hydroxide in 200 pL of phosphate-bulfered saline (PBS) on
day 1and day 7. Group I was given normal saline for 14 days.
Alter sensitization, from day 8 to day 14 group 1l was given
only OVA aerosols (1% w/v) in PBS for 30 min every day.
Group Il was given injection dexamethasone (2 mg/kg) i.p.
injection daily for 7 days along with OVA aerosols. A. glauca
oil was given orally to group IV at a dose of 200 pL /kg for
7 days along with OV A aerosols. On day 15, 24 h after the final
allergen aerosol animals were sacrificed by over anesthesia to
collect cardiac blood on EDTA bulbs for differential cell counts
by staining with a modified Giemsa stain. Lung lavaging
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was performed for collection of bronchoalveolar lavage
fluid (BALF). The trachea was aspirated (3 times) with PBS
until 2 mL of BALF was collected. BALF from each animal was
pooled in a plastic tube, cooled in ice, and centrifuged (2 g)
at 4°C for 10 min, Cell pellets were resuspended in the same
buffer (1 mL). A portion of the cell suspension was mixed with
Turk solution, and cells were counted in a hemocytometer.
The lungs were dissected out along with bronchia for
histopathological studies.

M tof I globulin E Levels in Serum

The serum level of OV A-specific IgE was measured by ELISA
kit using commerdially available reagents, according to the
manufacturer’s instructions. The detection limit was 0.1 ng/mL
for IgE.

Histopathological E: ination of Lung
Dissected out lungs were fixed in 10% buffered formalin
for 24 h, dehydrated, embedded in paraffin, and the cut
sections stained with hematoxylin-cosin were observed under
light microscope Lo assess the degree of peribronchial and
perivascular inflammation.

Statistical Analysis

Results were expressed as mean + standard error of the
mean and were analyzed by one-way ANOVA [ollowed
by Dunnett’s multiple comparison tests (GraphPad Prism,
Version 5, GraphPad Software, Inc., USA software for
Windows) and P < 0.05 was considered statistically significant

Results

Analysis of the Essential Oil
The GC-MS analysis of essential oil of A. glanca revealed that
the main compound was identified as «-pinene [Figure 1].

Effect of the Essential Oil of Angelica glauca on
Histamine-induced Bronchoconstriction in Guinea Pigs

The essential oil of A. glauca significantly (P < 0.001) and
dose-dependently increased the latent period for PCD. In
histamine-induced bronchoconstriction at the dose of 200 and
400 pL/kg, the percentage increase in PCT was found to be
53.74 + 6.36 and 67.17 £ 6.48, respeclively. Hence, the increase
of PCT at a dose of 400 pL/kg of A. glauca oil was almost

comparable to that of dexamethasone (standard drug)-treated
group [Table 1].

Effect of the Essential Oil of Angelica glanca on Absolute
Eosinophil Couni in Biood

Control group showed maximum increase in eosinophil count
24 hafter the final exposure of OVA. A. glauca oil-treated group
al the dose of 200 uL/kg significantly (P < 0.001) decreased
inflammatory cell in blood [Figure 2a]

Effect of the Essential Oil of Angelica glanca on Serum
Immunoglobulin E Level in Ovalbumin-sensitized Mice
Antigens are known o induce antigen-specific IgE antibody
production. Repeated OV A inhalation significantly (P < 0.001)
increased on the day 15 (immediately alter the final OVA
challenge) the total serum level of IgE. The treatment with
essential oil of A. glawca significantly (P < 0.001) decreased the
serum IgE at a dose of 200 uL./kg [Figure 2b].

Effect of Angelica glauca Essential Oil on Inflammatory Cells
in Bronchoalveolar Lavage Fluid

After challenging with OVA, the levels of inflammaltory cells
including eosinophils and neutrophils were significantly
(P <0.001) increased as compared with normal group. However,
with A. glanca essential oil treatment, the inflammatory cells
were significantly (P < (.001) decreased as compared to that of
untreated and was almost comparable to that of dexamethasone
group [Figure 2c and d].

Table 1: Effect of Angelica glauca oil on histamine-
induced bronch iction in guinea pigs (n=24)

Grouping Before After Percentage
treat t (s) treat t(s) ofi in
preconvulsive
dyspnea time (s)
Negative control 108 120 6.17+2.49
Dexameihasone 50 g0 50.53£3.77°
Angelica glauca
(nlikg)
200 115.65 250 53.74+6.36"
400 108 328.9 67.17£6.48"

Values are expressed as meansSEM; where n=6 in each group: *P<0.001 as
compared with negative control by one-way analysis of variance, followed by
Dunnett's test. SEM=Standard error of the mean
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Figure 2: Effect of Angslica glauca essential oil on: (a) Blood eosinophils

Figure 3: Effect of Angelica glauca oil on lung inflammatory cell infiltration

(celisfmm’), (b) serum E (IUL). (¢} eosinophils in bronck I in ovalt induced allergic mice (H and E, x40, in (a) normal
lavage fluid (¢ 0e), (d) neutraphils in bronct lavage fluid group: (b ovalbumn groun, (e} ovalbumin + Dexa (2 malkg) groun,
I ge) values were 1 a5 mean = d error of the mean, (d) ovalbumin + Angelica glauca oil (200 pLikg) treated
*P<0.0M 1 with ovalt freated group

Effect of Angelica glauca on Ovalbumin-induced
Histopathological Changes in Lung Tissues

The histopathological examination of lung sections of
mice exposed o OVA stained with hematoxylin and eosin
showed significant inflammatory changes in peribronchial
and perivascular areas and also increased bronchial muscles
thickening, epithelial hyperplasia [Figure 3b]. In contrast,
the histological changes induced by OVA were markedly
suppressed by treatment with A. glauca oil ata dose of 200 uL/kg
[Figure 3d] as compared to untreated group [Figure 3a] and was
almost similar to the dexamethasone [Figure 3c]-treated groups.

Discussion

Asthma is an allergic respiratory disease triggered by
different spasmogens such as acetylcholine, leukolrienes,
prostaglandins, or specific exposure of allergens, which
reflect the signals of acute bronchoconstriction!” Histamine
and other inflammatory mediators cause a host of changes
in bronchial tissue by increasing the mucous secretion and
simultaneous rapid constriction of bronchial smooth muscle.
Bronchodilating effect of A. glauca oil was determined by its
effect to increase the latency for PCT in guinea pigs. The study
revealed that the latency for PCT was significantly (P < 0.001)
increased suggesting bronchodilating activity of A. glauca oil
against histamine,

OVA-induced model of allergic airway inflammation
demonstrated that IgE levels in blood and eosinophilic
infiltration in the lungs were markedly increased, as in
asthmatic condition, Eosinophil count was elevated in response
to the OVA exposure in untreated animals. OVA-induced
asthma has been recognized as pathological condition that
resembles chronic airway inflammation characteristically
associaled with the infiltration of lymphocytes, eosinophils,
macrophages, and neutrophils into the bronchial lumen ™

Eosinophils become active when one has certain allergic
diseases, infections, and other medical conditions, Treatment
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with the essential oil of A. glauca significantly reduced the total
eosinophils in the blood. Asthma is almost always associated
with some type of IgE-related reaction and therefore has
an allergic basis.™! Numerous epidemiologic studies have
shown a highly significant relationship between asthma
and sensitization to various allergens as demonstrated by
skin tests or the presence of specific IgE in the serum. IgE
iniliates the allergic response by causing mast cells to release
inflammatory mediators and by recruiting cosinophils.*!
Thus, blocking the effects of IgE is a promising strategy for
preventing or ameliorating allergic symptoms.™ This study
showed significant reduction in serum IgE level by A. glauca
oil-treated group. Eosinophil-mediated secretions in asthma
have been reported in BALF in the form of granule-derived
basic proteins.* Once established, the repetitive cycle of
tissue damage and inflammatory cell recruitment becomes
chronic, even in the absence of sustained allergen, the chronic
inflammation persists. Eosinophil level in sputum is associated
with the degree of chronic airway obstruction.* In the present
studies, cosinophils in BALF were significantly (P < 0.001)
decreased in A. glavea oil-treated groups and were comparable
to that of dexamethasone-treated group. The effect of A. glauca
essential oil was not compared with other bronchodilators.
Besides Lu:inuphils, neutrophilsalso have an important role in
the late-phase asthmatic reaction. The findings of the present
study need to be confirmed before their extrapolation to human
situations.

Conclusion

The present study provides evidence that essential oil of
A. glauca has bronchodilating and immunosuppressant actions
in guinea pigs and mice. Efficacy of A. glauca oil in the treatment
of bronchial asthma is worth exploring clinically.
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