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OZET

SHAMMOUT M.J., Betametazon veja De ks amet azonodun Far
Preparatlardan Analizi icin bir Ultra-Per f or mans Sé v-dandkemo mat og
Kitle Spektrometrisi (UPLC-MS/ MS) Yo°nt emi Gel i knu,i ri | me
H. | . Sajl ék Bi Kimya Bnalslim,DAh &l adgri &kmé , Doktor a
Ankara, 2013 Betametazon (BTM) ve Deksametazon (DXM) yuksek potentli
florl anméek sentetik gl ukokor tenflansatitae r oi d
alerji ve adrenaratkt e k s yetersi zluiljflianélkeccaki sadadeB
DXM6un farmas®tik preparatlaréndan (tabl
tayini i -in MRM modunda veESH kullaharaEUlteak t r 0 S |
Perfor mans| é fi STeandean Kktle Spaltrontetyefu®LC-MS/MS) bir
kromatografiydontemg e | i k t iKmomatografik analiz, UPLC Acquity BEH g

(50 mm x 2.1mm, 1.7 um) kolonunun asetonitril ve suda % 0.1 (h/h) asetik asit

i -eren hareketl:] faz i lulanarbkaetua edhirkekiyle gr ad
ger-eklexktiril mi ki@ kuadr@ oD XM avmed e BT NIS @ d E n e
kul | anv®Manodukda m/z 454 361 Ige-BRapt anusiéict ér . |
standart ol ar ak Kul | anél>e&9 vgee - MRM mad u
Geliirktl en y°ntemler | CH6nin analitik y©°n
edil miktir.BTM ve DXM y°Rpi580mgeldethiexi mad
am|l 6] enda dojr ussadndérrée (G°CD)e nBeON | \mey a DX\
iken, BTM veDXMicinaltt ay &n s é&n ér &dir(Gioi¢)ye glnlemrga sna
dojrul uk bajoélarhbat af@BEd edil mi 1,66BTM ve
1.79 ile( - 0.93-1989 di r . Dijer tarnafetrangr ags¢én kie-sii n
edebimekicinkd | anglédn shan@886) depmal é€r i, BTM
s ér a(6.Zy.BGile 0.231.02)dir. BTM ve DXM standart ¢ozeltilert 4 °C'de

6 ay boyunca kararl edeéer . 6zgUAtnu tevardl le€ d jnl aany n
ol dug®ust er iVhlide edilen yontemler BTM (Celestorfe Tablet ve

Celeston® Enjektabl Ampul) ve DXM (Dekoft Tablet, Dekoit Enjektabl Ampul

ve ONDARON’ S| MPLE g°z/ kulak damlasé) farmas¢
bakar é hnhmexktugrg.ul Bu n eBdTevh | wee DR Maawem! € ar m
preparatlag aen tayini icin uygundur.

Anahtar kelimeler: Deksametazon, Betametazon, Mefrusid, UPLC/Tandem MS,
tablet
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ABSTRACT

SHAMMOUT M.J., Development and Validation of an Ultra-Performance
Liquid Chromatographic -Tandem Mass Spectrometry(UPLC-MS/MS) Method

for Determination of Betamethasone or Dexamethasonen iPharmaceutical
Preparations, Hacettepe University, Institute of Health Sciences, Program of
Analytical Chemistry, PhD Thesis, Anakara, 2013, Betamethasone (BTM) and
DexamethasoneDXM) are highly potent fluorinated synthetic glucocorticosteroids.
They are widely used for the treatment of inflammation, allergies and adrenaral
cortex insufficiency Chromatographic methador determination of BTM or DXM

in pharmaceutical preparatis (tablets,injectable ampoules and eye/ear dramg)
Ultra-Performance Liquid Chromatograpiiandem Mass Spectroscopy (URLC
MS/MS) using negative Electrosprapnization ¢ ESI) at MRM mode were
developed. The chromatographic analysis were performed &€ Wequity BEH
Cis(50 mm x 2.1mm, 1.7 pmgolumn was elutedusing stepwisegradient with
mobile phases dcetonitril and 0.1% (v/vicetic acid in waterDetection of DXM
and BTM was performed by triple quagole tandem MS using negative ESI at 451
> 361 miz transition on MRM mode. Mefruside was used as an internal standard and
traced at 381 > 189 m/z transition on MRM mode. Developed methods were
validated according to analytical method validation guideline from |CHe
method werelinear over the concémtion range ofl0 to 1500ng mL'* for both
BTM and DXM. Limits of detection (LODjor BTM or DXM werelng mL ! while
limit of quantitation(LOQ) was 5ng mL' ! for BTM or DXM. The intra and intef
accuracy values expressed as relativerdRE % werei 1.08-1.76 and-0.937 1.98

for BTM and DXM, respectiely. On the other hand the intra and interday
precision expresseak elativestandarddeviation (RSD % were 0.281.80 and 0.23
1.02 for BTM and DXM respectively.The standard solutions of BTM and DXM
were stable at 4 °C for 6 moths. The method was alsapid, specific, ruggedand
robust Validated method were also successfully applied fothe analysis of some
commercially available pharmaceutical preparatioh8TM (Celeston& Tablet and
Celeston@ Injectable Ampoule) andf DXM (Dekorf® tablet, Dekorf® injectable
ampoule and @adron® Simpleeye/ear drop)Therefore, this method is suitable for
determination of BTM or DXM irtheir pharmaceutical preparations.

Key words: Dexamethasone, Betamethasone, Mefruside, UPLC/Tandenabl8&t
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1. INTRODUCTION

Corticosteroids are a class of steroid hormones naturally synthesized in the
adrenal cortex from cholesterol. According to their biological activity and
pharmacological effects, corticosteroids can be divided into two groups:
glucocorticosteroidsi.e. cortisol and cortisone), which regulate many aspects of
metabolism and immune functions, andheral corticosteroidsvhich regulate blood
volume and electrolyte contefit).

Betamethasone (BTM) and Dexamethasone (DXM) are highly potent
fluorinated sythetic glucocorticosteroids. They are widely used for the treatment of
inflammation, allergies and adrenaral cortex insufficiency.BTM has been reported to
have slightly stronger glucocorticod effect than DXM4(2

BTM and DXM are 2625 times more poterthan the naturally occurring
glucocorticosteroid, Hydrocortisone. The potency of the-iaflimmatory property
of BTM and DXM is contributed by the fluorination at the9Cposition. The
difference in configuration of the methyl group all& position igesponsible for the
diastereomeric isomerism associated with BTM and DXM epimers. The two epimers
are very similar in chemical structure and properties (4, 5).

As drugs, synthetic corticosteroids are frequently used in human and
veterinary medicine, ofteim combination with other compounds. Their use is related
to their activity in replacement therapy for adrenal insufficiencyiaflimmatory
ard immunosuppressant properties, which reduce the clinical manifestations of
disease in a wide range disordes. Treatmentcan be by oral administration,
intramuscular, subcutaneous or intravenous injection, or as a tapigiatation(6,

7).

Wide ranges of pharmaceutical preparations of different dosage forms that
contain BTM or DXM or their ester derivativesere approved and commercially
available, but none of these preparations has BTM and DXM in combin8ti@n (

10).

Several analytical techniques have been published for the analysis ofaBdivM
DXM in different matrices, e.g., high performanaguid chranatography(HPLC)
(3, 11-14), High performance thin layeshromatographyHPTLC) (15),differential



pulse polarograpb and voltammeteri€l6, 17), NuclearmagneticesonanceNMR)
(18), UVl/visible Spectrophotometrtic (122), Lumind chemiluminescences
method€23), micellar electrokinetic capillary chromatography(2,24), Gas
chromatography with mass detecti@Ci MS) (25, 26) or liquid chromatography
with mass detectio(LCi MS/MS) (7, 27-35).

Several HPLC methods for individual or simultanedagerminaion of BTM andor
DXM and related compounds in different types of samplese described in the
literatures including official methods of the United State Pharmacopeia USP (4, 9).

The development of HPLC methods for assay/purity analysis of drugs and
their related substances is a thio@nsuming process and is often a bottleneck in
analytical labs. Separations scientists are thus continually driven to develop LC
methods with eveshorter analysis times. The benefits of faster analyses are clear:
they allow fora greater number of analyses to be performed in a shorter amount of
time, thereby increasing sample throughput and lab productivity. In addition, as test
experiments are performed more quickly, the overall method development time is
decreased3p).

UPLC is a new category of separation science that builds upon well
established principles of liquid chromatography, using-Z@om por ous part
These particles operate at elevated mobile phase linear velocities to produce rapid
separation with increased sensty and increased resolution. Several reports are
available in the literature on th@iPLC-MS) and (UPLC-MS) for the different
combination of drugs3(/-39).

In the literature, a variety of different analysis methods for the determination
of BTM and /orDXM in different matrixes and samples were reported. Nevertheless,
some of them have some disadvantages. BTM and/or DXM were analyzed for
clinical steroid analysis or sports doping laboratories for tpisie analysis where
the specifityof the method isa primary importance. Therefore, most used analysis
techniques are GC / MS and LC / MS, respectively. Analysis of glucocorticosteroids
in biological samples using GC/MS is commdi®)( However, using this technique
require a time and chemicals consumingiv@gization process for the main
compound to enhance the volatility of the analyte and ireginermally stable

molecule (23. Therefore, the ideal technique for quantitative determination of BTM



and /or DXM in variety of biological (urine, serum, plasmmailk, tissue, etc.)
Pharmaceutical and ecological samples areME(See Table 2.3).

BTM or DXM and /or some of their esterated derivatives(saltsuch as
phosphates, acetates, propionates and valerates are contained in several
pharmaceutical prepations with different dosages form suchcasams, ointment
inhalants,eye/ear dropslV/IM injectable ampoules and tabletEew studes about
determination of amourBTM or DXM as an acdte ingredient in pharmaceutical
preparations were reported (38, 12, 41-47). Thus it's important to developing
method for analysis of BTM or DXM in pharmaceutical preparations.

Liquid chromatography (LC) is currently considered as the gold standard in
pharmaceutical analysis. Today, there is an increasing need faaniatltrafast
methods with good efficiency and resolution for achieving separations in a few
minutes or even second3gy.

Ultra Performance Liquid Chromatography (UPLC) is a relatively new
technique giving new possibilities in liquid chromatographyeesly concerning
decrease of time and solvent consumption. UPLC chromatographic system is
designed in a special way to withstand high system-peaessures. Special analytical
columns UPLCAQui ty UPLC BEH C18 packed with 1.
comection with thissystem. Th&JPLC system allows shortening analysis time up to
nine times,comparing to the <conventional syst
analytical columns used in LG3g, 39, 48, 49).

The extra resolution provided by the UPLC systeneaésy new information
about the samples under investigation and reduces the risk edetection of
potentially important ceeluting analytes. In order to address the very narrow peaks
produced by UPLC, it is necessary to use a high data acquisition e m
spectrometer such as a TOFMS or a triple quadrupole MS (Tandem MS) having a
fast duty cyclg48).

Recently, few method of determination BTM and/or DXM or their related
products in different biological or environmental samples using UPLC/MS were
reportel in the literature (2248-53)

There is no method to determination of BTM or DXM in pharmaceutical

preparations using UPLTandem MSwas reported in thigeratures.



The object of this tres work is to develop, optimize and validaenew
method to detenine the amount of BTM or DXM in pharmaceutical preparation
such agablets, injectable ampoules and eye/ear drops by-B#réormance Liquid
Chromatography combined with Triple Quapole Tandem Mass spectrometry
(UPLC/MS/MS) usingnegative electrospragnization(-ESI) in the MultiReaction
Monitoring modéMRM).



2. GENERAL INFORMATIONS

2.1 Glucocorticosteroid Drugs (54-59)

The endocrine hormones can be divided into two chemical structural types:
(1) the peptides and amino acid deriva and (2) the cholestetiodsed steroid
compoundsBYy nature, steroidal hormones are produced by the male and female sex
organs (testiculs, ovaries), the adrenal cortex and the placenta. As they are involved
in the development of reproductive structuaesl secondary sexual characteristics,
sex hormones are generally applied in veterinary medicine to regulate rut and
improve fertility. Next to endogenous steroids, many sgynihetic and synthetic
analogues have been produced and administered to animals.

The steroid hormones can be grouped into six classes: glucocorticords,
mineralocorticords, estrogen progestin, androgen, and vitamin D. The adrenal cortex
synthesizes two classes of steroids: the corticosteroids, which have 21 carbon atoms,
and theandrog@s, whichhave 19 carbon atoms. The actions of corticosteroids are
classified as glucocorticoid (carbohydrateetabolism regulating and mineral
corticoid lectrolyte balandgeegulating), reflecting their preferential activities.

BTM and DXM are epimericsynthetic glucocorticoidgheir pharmacological
and physiological properties are generally same for that to other drugs in

glucocorticoids group.

2.1.1. Physical and ChemicaProperties of Betamethasoneg0)

Product name . Betmethasonél 1 b , -9-El@ofo-)1, 17, 2rihydroxy-16-
methylpregndl, 4-diene 3, 20-dione
IUPAC name . (8S, 9R, 10S, 11S, 13S, 14S, 16S, 1%Ruoro-11,17

Dhydroxy-17-(2-hydroxyacety10,13,16trimethy}
6,7,8,11,12,14,15,16ctahydrocyclopentala]phenantn3-
one.

Molecular Formula : CyHgFOs

Elemental analysis : C 67.33%, H 7.4%, F 4.84%, O 20.38%

Molecular weight  : 392.46 g/mol

Melting Point : 250253 °C



Solubility : Betamethasone is practically insoluble in water. Itis  bdelu
in ethanol, methanol, acetordipxaneand slightly soluble in

chloroform
Refractive index : 76 ° (C=1, Dioxane)
Appearance : White or almost white crystalline powder

Figure 2.1Chemical structure dietamethasone

2.1.2. Physical andChemical Properities of Dexamethasone@g0)

Product Name : Dexamethasong 1,1 b }%BFuoro11, 17, 2ttrihydroxy-16-
methylpregndl, 4-diene3, 20-dione

IUPAC : (8S,9R,10S,11S,13S,14S,16R,1-8Fluoro-11,1 #dihydroxy
17-(2-hydroxyacetyl}10,13,16trimethyk
6,7,8,9,10,11,12,13,14,15,16;tlddecahydre8H-cyclopenta
[a] phenanthrei3-one

Molecular Formula : CooHogFOs

Elemental analysis : C 67.33%, H 7.4%, F 4.84%, O 20.38%



Molecular weight  : 392.46 g/mol

Solubility : Practi@lly insoluble in water; soluble 1 in 75 of ethanol, 1 in
15 of warm ethanol, and 1 in 1100 of chloroform; very slightly soluble in ether;

sparingly soluble in acetone and methanol.
Melting Point : 235237°C

Refractive index  : 118 ° (C=1, Dioxane)

it G H‘a

Figure 2.2Chemical structure alexamethasone

2.1.3. Mechanism ofAction

As with other steroid hormones and drugs, glucocorticoids are thought to act
primarily by turning on or off the expression of different genes. Gluticoadsinter
a target of cell ath bind to specific receptor in the cell cytoplasm. The binding of the
glucocorticoids activates the receptor, which allows the complex to enter the nucleus.
In nucleus, the complex binds to selected DNA sites known as glucocorticoid
response elements (GREJhis promotes or inhibits the transcription of specific
MRNAs. In turn, the synthesis of the respective proteins is promoted or inhibited. A
considerable delay may occur between uptake of the steroid into the cell and
appearance of the effect in thegetr cell. More time may elapse before the effect

ends and steroid is destroyed



The dosage of steroid used clinically provides much more than the natural
level of glucocorticoids activity. As a result, many of the effects produced are very
different from he physiological effects of naturally occurring hormones. The
pharmacologic(rather than physiologic) effects are achieved when glucocorticoids
are required to treat disorders unrelated to adrenocortical functions, such as allergic
reactions, autoimmunes#ases, asthma and inflammation.

Cortisol and cortisone, the naturally occurring glucocorticoids, have relatively
low affinity for the mineal corticoids receptors but still may produce some salt and

water retention. Other glucocorticoids have relativesiineral corticoidactivity.

2.1.4. Physiological Functions and Pharmacological Effects

The effects of corticosteroids are numerous and widespread, and include
alterations in carbohydrate, protein, and lipid metabolism; maintenance of fluid and
electrolte balance; and preservation of normal function of the cardiovascular
system, the immune system, the kidney, skeletal muscle, the endocrine system and
the nervous system. In addition, corticosteroids endow the organism with the
capacity to resist such essful circumstances as noxious stimuli and environmental
changes.

The actions of corticosteroids are interrelated to those of other hormones. In
the absence of glucocorticoids, epinephrine aod epinephrinéhave only minor
effects on lipolysis. Adminisation of a small dose of glucocorticoid, however,
markedly potentiates their lipolytic action. Those effects of corticosteroids that
involve concerted actions with other hormonal regulators are teperissiveand
most likely reflect steroidhduced chages in protein synthesis that, in turn, modify
tissue responsiveness to other hormones.

Pharmacological effects of gluoarticostertoids (GR) can be listed according

to the site of action as the following:

Regulation of Gene Expression

The GR resides pdeminantly in the cytoplasm in an inactive form until it
binds glucocorticoids. The inactive GR is complexed with other proteins, including
heatshock proteins and an immunophilin. After ligand binding, the GR dissociates

from its associated proteins amdrislocates to the nucleus. There, it interacts with



specific DNA sequences called glucocorticoid responsive elements (GREs) within
the regulatory regions of affected genes. These GREs thus provide specificity to the

regulation of gene transcription by ghacorticoids.

Carbohydrate and protein metabolism

Corticosteroids profoundly affect carbohydrate and protein metabolism.
These effects of glucocorticoids on intermediary metabolism can be viewed as
protecting glucoseélependent tissues.f.,the brain andheart) from starvation. They
stimulate the liver to form glucose from amino acids and glycerol and to store
glucose as liver glycogen. In the periphery, glucocorticoids diminish glucose
utilization, increase protein breakdown and the synthesis of glutaamaeactivate
lipolysis, thereby providing amino acids and glycerol for gluconeogenesis. The net
result is to increase blood glucose levels. Because of their effects on glucose
metabolism, glucocorticoids can worsen glycemic control in patients with overt
diabetes and can precipitate the onset of diabetes in patients who are otherwise
predisposed.

Lipid metabolism

Two effects of corticosteroids on lipid metabolism are firmly established. The
first is the dramatic redistribution of body fat that occursattings of endogenous or
phar macologically induced hypercorticism
is the permissive facilitation of the lipolytic effect of other agents, such as growth
hormone and adrenergic receptor agonists, resulting in aragecne free fatty acids
after glucocorticoid administration. With respect to fat distribution, there is increase
fat in the back of the neclbygffalo hump), facenfoon face} and supraclavicular

area, coupled with a loss of fat in the extremities.

Electrolytes and water balance

Aldosterone is by far the most potent endogenous corticosteroid with respect
to fluid and electrolyte balance. Thus, electrolyte balance is relatively normal in
patients with adrenal insufficiency due to pituitary disease, desipigeloss of
glucocorticoid production by the inner cortical zonkkneral corticoidsact on the
distal tubules and collecting ducts of the kidney to enhance reabsorptiof fobida
the tubular fluid; they increase the urinary excretion oéikd H.
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Glucocorticoids also exert effects on fluid and electrolyte balance, largely due
to permissive effects on tubular function and actions that maintain glomerular
filtration rate. In part, the inability of patients with glucocorticoid deficiency to
excrete free water results from the increased secretion of vasopressin, which
stimulates water reabsorption in the kidney.

In addition to their effects on monovalent cations and water, glucocorticoids
also exert multiple effects on €ametabolism. Steroids interferetwiC&" uptake in
the gut and increase Eaexcretion by the kidney. These effects collectively lead to

decreased total body Eatores.

Cardiovascular system

The most striking cardiovascular effects of mm$teroids result from mineral
corticoidinduced changes in renal Naexcretion, as is evident in primary
aldosteronism.The resultant hypertension can lead to a diverse group of adverse
effects on the cardiovascular system. Consistent with the known actionsefl
corticoids in the kidney, restriocbn of dietary N& can lower the blood pressure
considerably iimineral corticoidexcess.

The second major action of corticosteroids on the cardiovascular system is to
enhance vascular reactivity to other vasoactive substances. Hypoadrenalism is
associatedvith reduced response to vasoconstrictors suchoasepinephrineand
Ang Il, perhaps due to decreased expression of adrenergic receptors in the vascular
wall. Conversely, hypertension is seen in patients with excessive glucocorticoid
secretion, occurring N mo st patients with Cushingos

patients treated with synthetic glucocorticoids.

Skeletal muscles

Permissive concentrations of corticosteroids are required for the normal
function of skeletal muscle, and diminished work cayais a prominent sign of
adrenocortical i nsufficiency. I n patien:
fatigue are frequent symptoms. Excessive amounts of either glucocorticoids or
mineralocorticoids also impair muscle function. In primary aldosteronmsuscle
weakness results primarily from hypokalemia rather than from direct effects of

mineralocorticoids on skeletal muscle. In contrast, glucocortieidess over
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prolonged periods, either secondary to glucocorticoid therapy or endogenous
hypercorticismy causes skeletal muscle wasting. This effect, terrsesfoid
myopathy accounts in part for weakness and fatigue in patients with glucocorticoid

excess.

Central Nervous System (CNS)

Corticosteroids exert a number of indirect effects on the CNS, through
mantenance of blood pressure, plasma glucose concentrations, and electrolyte
concentrations. Increasingly, direct effects of corticosteroids on the CNS have been
recognized, including effects on mood, behavior, and brain excitability and most
patients receing glucocorticoids respond with mood elevation, which may impart a
sense of welbeing despite the persistence of underlying disease. Some patients
exhibit more pronounced behavioral changes, such as euphoria, insomnia,

restlessness, and increased matdivity.

Circulation system

Corticosteroids also affect circul ati
associated with an increased mass of lymphoid tissue and lymphocytosis. In contrast,
Cushing6s s yndsedbydymphacytopehia and deased mass of
lymphoid tissue. The administration of glucocorticoids leads to a decreased number

of circulating lymphocytes, eosinophils, monocytes, and basophils.

Anti-Inflammatory and Immune Suppressive Actions

Corticosteroids profoundly alter immune sponse. Glucocorticoids can
prevent or suppress inflammation in response to multiple inciting events, including
radiant, mechanical, chemical, infectious, and immunological stimuli. Although the
use of glucocorticoids as amtiflammatory agents does naddress the underlying
cause of the disease, the suppression of inflammation is of enormous clinical utility
and has made these drugs among the most frequently prescribed agents. Similarly,
glucocorticoids are of immense value in treating, diseases thatt reem
undesirable immune reactions. The immunosuppressive anenfiaataimatory
actions of glucocorticoids are inextricably linked, perhaps because they both involve

inhibition of leukocyte functions.
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2.1.5. Administration and Pharmacokinetics

Steroid brmulations are available for oral, parenteral, and topical use. Many,
including prednisone, prednisolone, metlpykednisoloneand dexamethasone are
well absorbed when administeremtally and are particularly useful when anti
inflammatory treatment is reged for a period of one to several weeks.
Other preparations are available for parenteral use. The sodium phosphate and
succinate salts are highly water soluble, providi