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NEWS FROM OLD DRUGS:

INVESTIGATIONS ON THE POLYMORPHISM OF
GLUCOCORTICOIDS

CHRISTIAN NATHER
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Universitdt zu Kiel, Olshausenstrafie 40, D-24098 Kiel
cnaether@ac.uni-kiel.de

Polymorphism, which is defined as the ability of a com-
pound to exist in more than one crystalline modification is
a widespread phenomenon and is of great importance in
anumber of areas like material science or pharmaceutical
development. In drug polymorphism several aspects are of
importance: Before a new drug is marketed it has to be ad-
hered to the standards of the authorities, which also includes
investigations on the polymorphism. In addition, because
polymorphic modifications frequently exhibit different physi-
cal properties like e. g. solubility, melting point, compressibil-
ity, bioavailability or stability on storage, information on the
influence of the corresponding phase onto the chemical, bio-
logical or physical properties of a drug are needed. Finally,
polymorphic modifications can be patented separately if they
have some advantages compared to that phase which is in use.

However, also the polymorphism of very old drug sub-
stances can be of great interest, which in most cases has not
been investigated satisfactorily. This is the case e.g. for gluco-
corticoids, which belong to the most versatile and effective
drugs and which are used in therapy for a very long time. In
several cases they are administered as a crystalline suspension
and hence marketed in glass ampoules. During the preparation
of the dosage form, these drugs must be sterilized, for which
different methods exist. A very interesting method is the ster-
ile filtration in which the compound is dissolved in a given
solvent, filtered off, recrystallized, dried and micronized.
During this procedure different polymorphic or pseudopoly-
morphic (solvates or co-crystals) modifications can occur and
in the end it has to be guaranteed that only that phase is
formed which is used in therapy or which is preferred by the
producer.

Therefore, we have performed systematic investigations
on the polymorphism of glucocorticoids, which also includes
investigations on the pseudopolymorphism, because it has to
be proved which polymorphic modification is formed on
desolvation of a given solvate. To investigate such typical
solid-state phenomena different methods are needed. This
includes X-ray single crystal and powder diffraction, simulta-
neously differential thermoanalysis (DTA) and thermogra-
vimetry (TG) coupled to mass spectroscopy (MS), differential
scanning calorimetry (DSC), temperature dependent X-ray
powder diffraction as well as thermomicroscopy. For a sys-
tematic search for new forms a polymorphic screening has to
be performed in the beginning.

For triamcinoloneacetonide e. g. we have found two
different modifications namely the trigonal form (space group
R-3) that corresponds to the patented and commercial avail-
able product and a second, tetragonal form (space group
P4,2,2). We have found that the commercial product contains
a small amount of water that is responsible for the stability of
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that form. Therefore, the form that is patented and used in
therapy is in fact a hydrate. If the water is removed a transfor-
mation into the tetragonal form is observed. Therefore, the
melting point given in the patent does not correspond to the
patented and trigonal form, it corresponds to the new and
hitherto unknown tetragonal form.

Triamcinoloneacetate crystallizes as solvates in nearly all
solvents used for crystallization. Altogether three different
structure types have been observed. In addition to these pseu-
dopolymorphic forms we have identified two solvent free
polymorphic modifications.

For pure triamcinolone we have found two crystalline
modifications and one hydrate. Interestingly the commercial
product is thermodynamically metastable at room temperature
and can only be prepared by decomposition of the hydrate. If
crystalline suspensions of this form are stirred a transforma-
tion into the thermodynamic stable form is observed.

Prednisolone also exists in two different polymorphic
modifications and one hydrate. In contrast to triamcinolone,
desolvation of the hydrate leads to that form which represents
the thermodynamically most stable form at room temperature.

For hydrocortisone several different pseudopolymorphic
forms were discovered in the beginning. In addition, from
most solvents a solvent free thermodynamically stable modifi-
cation is obtained which corresponds to that form which is
used in therapy. Surprisingly, if single crystals were crystal-
lized from these solvents a new and hitherto unknown metast-
able form of hydrocortisone is obtained.

Summarizing, these investigations show that even for
well-known drugs one can find new and surprisingly results,
which are of great importance for the preparation and sterili-
zation of drug substances.
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MASS SPECTROMETRY IN CLINICAL
ENZYMOLOGY: TOWARD NEWBORN SCREENING
OF INBORN ERRORS OF METABOLISM

FRANTISEK TURECEK®, MICHAEL H. GELB™",
C. RONALD SCOTT¢, YIJUN LT*, and DING WANG"
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Mass spectrometry is a highly sensitive method that has
been widely used for the selective detection and quantitation
of various metabolites that are present at trace levels in body
fluids and manifest genetic diseases. Here we describe a novel
approach of using tandem mass spectrometry for the detection
of inborn errors of metabolism in patients. In particular, we
focus on two groups of lysosomal storage diseases (LSD) that
are caused by defective enzymes in the lysosome'. The first
group includes diseases caused by deficiencies of lysosomal
enzymes involved in catabolic degradation of sphingolipids.
The other group is mucopolysacharidoses (MPS) that are
caused by deficiencies of enzymes that catalyze degradation
of glycosaminoglycans, such as heparan sulfate and dermatan
sulfate. The methods reported here have evolved from our
previous studies of mass spectrometric methods for diagnos-
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ing enzyme deficiencies in cultured cells using affinity cap-
ture-elution electrospray ionization mass spectrometry
(ACESIMS)** that addressed several LSD and congenital
disorders of glycosylation. The advantage of tandem mass
spectrometry over other mass spectrometry-based approaches
is that it (7) provides highly selective and efficient separation
of ions from low-abundance analytes in the mass spectrome-
ter, (i) increases overall selectivity and sensitivity, (iii) works
with rehydrated dried blood spots (DBS) from newborn
screening cards as biological sample, and, last but not least,
(iv) uses simpler and less expensive substrates and procedures
for routine use in clinical practice.

The use of MS/MS for enzyme assays in DBS is illus-
trated in Scheme 1 (ref.*). The sample, which is a 2-5 mm
diameter punch of a DBS on a Guthrie screening card, is incu-
bated with a buffer containing a non-endogenous substrate
conjugate that incorporates a structure moiety that is similar
to that in the natural substrate and is recognized by the en-
zyme. Action of the enzyme forms the enzymatic product (P)
whose molecular mass is different from that of the substrate
conjugate. Electrospray ionization (ESI) produces gas-phase
ions (Ionized P) by protonation, alkali metal ion attachment,
or deprotonation of P that are directly related to its molecular
mass and can be readily separated in the mass spectrometer
from those of the substrate conjugate. Internal standard (IS) is
added to P that upon ESI forms gas-phase ions that are chemi-
cally similar to ionized P, but differ in mass. Collisional acti-
vation in the tandem mass spectrometer produces fragment
ions from ionized P and IS that are unequivocally related to P
and IS and are used to monitor the ionized P and IS intensi-
ties. Since ion intensities from electrospray are proportional to
analyte concentrations, the measured relative intensities of P
and IS reporter fragment ions are proportional to P and IS
concentrations. The proportionalities (response factors in ESI-
MS/MS) are determined from calibration curves for P and IS.

‘ Substrate Conjugate ’

Enzyme in DBS

Internal Standard

Enzymatic Product
(P) + (I1s)

%(_J

Electrospray lonization

lonized P + lonized IS

MS/MS lon Dissociation MS/MS

[P Reporter lon ] [ IS Reporter lon ]

Scheme 1. Flow chart of tandem MS enzyme assays
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In case IS is an isotopomer of P, their ESI-MS/MS response
factors are nearly identical and no external calibration is nec-
essary.

Examples will be given of determinations of activities in
dried blood spots for lysosomal enzymes glucocerebrosidase
(Gaucher disease), acid sphingomyelinase (Niemann-Pick
disease variants A and B), galactocerebroside [-galactosidase
(Krabbe disease), acid-o-galactosidase (Fabry disease), acid
o-glucosidase (Pompe disease), and o-D-iduronidase
(mucopoly-saccharidosis Type I, Hurler disease) from af-
fected patients, heterozygotes, and normal individials. The
activities were measured simultaneously by multiple-reaction
monitoring of ion dissociations from cations produced by
electrospray ionization of enzymatic products. Simple and
inexpensive assay protocols were developed that are readily
adopted for handling multiple samples in 96-well microtiter
plates, employ simple separation steps, and use < 3 pumol of
synthetic or commercially available substrates and < 25 nmol
of internal standards per analysis. The assays have the poten-
tial of being used for large-scale screening of newborns for
the detection of inborn errors of metabolism.

Supported by the National Institutes of Diabetes and Diges-
tive and Kidney Diseases (NIH-DK 67859), the Genzyme
Corporation, and Applied Biosystems.
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Silymarin je smési flavonolignand a polyfenold ze semen
bodlaku ostropestfec mariansky (Silybum marianum)". Flavo-
nolignany silymarinu jsou uzivany v léc¢eni a podplrné terapii
jaternich onemocnéni a nékterych onemocnéni traviciho trak-
tu od staroveéku do soucasnosti. V nedavné dobé byly presné
uréeny struktury (stereochemie) silybinu A a B - hlavni kom-
ponenty silymarinu - a byly popsany nékteré zcela nové me-
chanismy u¢inku na signélni procesy ve zdravych a nadoro-
vych bunkéch?”.
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Pomoci rozsahlé serie novych derivati jsme upfesnili
mechanismus antioxida¢niho pusobeni silybinu a urdili tyto
mechanismy u jeho farmakologicky vyznamného derivatu
2,3-dehydrosilybinu v systémech in vitro a ex vivo. Byly téz
identifikovany né¢které produkty oxidativni oligomerizace
téchto latek. Dale byla studovana selektivni oxidace obou
téchto flavonolignanti a pfipraveny nové derivaty — napf.
kyselina silybinova I — vyznacujici se zménénymi farmakody-
namickymi parametry”.

U jednoho z diastereomert silybinu (silybin B) jsme
nové popsali estrogenni G&inky*. Dale byla serie novych deri-
vatl vyse uvedenych slou€enin testovana jako inhibitory Pgp
a MDR proteini (multi-drug-resistance protein). Tato SAR
studie urcila strukturalni pozadavky derivatizace obou mole-
kul pro optimalni u¢inek na bunécéné trasportérové systémy
abyla identifikovana nova skupina latek (derivaty 2,3-de-
hydrosilybinu) s velmi nizkou toxicitou pro inhibici mnoho-
nasobné lékové rezistence’.

O COOH

HO o) C[ j/ OMe
- X
\qu\w OH
OH O I

Ptipravili jsme téz hybridni antioxidanty na bazi silybinu
s fadove vyssimi antioxidacnimi G¢inky — napt. galloyl silybin
11

HO

Béhem nedavné doby byly uvedeny na trh ve spolupraci
s pramyslovymi partnery nové piipravky na bazi silymarinu
s vyhodné&j§imi a/nebo novymi U¢inky. V soucasné dobé je
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vyvijen novy preparat na bazi 2,3-dehydrosilybinu pro derma-
tologické aplikace.

Silybin a né&které jeho nové derivaty maji téz vysoky
potencial jako podptrné 1é¢ivo pii terapii n€kterych nadoro-
vych onemocnéni (napi. rakovina prostaty), coz je zalozeno
na nové popsanych mechanismech ptisobeni?.
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The sensing of ATP has received considerable attention
in recent years as ATP serves as the primary energy currency
of the cell. ATP depletion is a central process in pathogenesis,
in particular ischemia, Parkinson’s disease, hypoxia and hy-
poglycemia. ATP plays important roles in sensory transduc-
tion acting as a link from non-neural to neural cells. Over-
abundance of ATP in blood can lead to circulatory shock.

The tertrabrucin—porphyrin selector, which we describe
here as a sensor for ATP, fulfills the condition of multiple
binding modes leading to selectivity for ATP under physio-
logical conditions. Our design is based on a combination of
aromatic n—n stacking (porphyrin macrocycle and/or periph-
eral phenyl ring moiety with adenosine) and sufficient posi-
tive charge leading to charge neutralization of the receptor—
ATP complex. A porphyrin core enhances the interaction of
porfirin with ATP by the binding of hydroxyl groups. More-
over, the use of a porphyrin as an excellent signaling unit
(chromophore and fluorophore) connected to four binding
sites represents a unique selector structure.
The calculated values of the stability constants of 1:1 com-
plexes of porfirin and nucleotides were 64 000, 6700, and
2400 for ATP, ADP, and AMP, respectively (nonlinear re-
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H;CO OCH;

H;CO OCH;

gression of measured data pointed to the creation of a 1:1
complex for each analyte used). The estimated values afford
evidence for the good selectivity of sensor towards ATP.

The financial support from the Ministry of Education of the
Czech Republic MSM 6046137307 and LC512, the Grant
Agency of Czech Republic (grants no. 203/03/0900 and
203/06/1038), and European Union project (CIDNA NMP4-
CT-2003-505669) is gratefully acknowledged.
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Pokud je na vyvoji chemie a technologie tenzidi
v poslednich letech néco charakteristické, tak je to zména
surovinové zakladny, je to prechod z fosilnich surovin na
suroviny obnovitelné a to zejména na suroviny rostlinného
ptuvodu.

Na obr. 1 je znazornéna svétovavyroba tenzidi podle
typl a je vidét, ze krom¢ mydla se ostatni tenzidy vyrabéji
pievazné z fosilni suroviny (ropy). Téméf 3/4 vyroby sulfona-
td a sulfatl vyrabénych z fosilnich surovin tvofi natriumdo-
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ﬁ -
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Mydlo  Sulfonaty a Neionické Kationické Amfoterni

sulfaty

Obr. 1 Svétova vyroba tenzidi podle typii (rok 2000)
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Obr. 2. Vyroba jednotlivych typu tenzida

decyl-benzensulfonat. (1), ktery stale ztistava, hlavnim tenzi-
dem v praskovych pracich prostiedcich. V posledni dobé jeho
mnozstvi v pracich prostfedcich klesa a naopak roste obsah
oxyethylenovanych mastnych alkohold (2), ptivodem z ropy
a CasteCné z kokosového oleje (Malajsie). Tretim zakladnim
ten-zidem v praskovych pracich prostfedcich je sodné mydlo
3.

Z obr. 2 je zfejmé, jak dominantni postaveni ma mezi
tenzidy (1), druhé misto co do mnozstvi zaujimaji oxyethyle-
nované mastné alkoholy (2).

Natriumdodecylbenzesulfonat se patrn¢ nestal majorit-
nim tenzidem diky svym vlastnostem, ale spise kvili velice
dobré dostupnosti a cené. Jeho vyroba je oproti ostatnim sul-
fonatim a sulfatim, které ptipadaji v uvahu jako tenzidy do
praskovych pracich prostfedkt (alkylsulfaty, alkansulfonaty,
olefinsulfonaty ¢i estersulfonaty), technologicky mén¢ néroc-
na. Dalsi vyhodou (1) je, ze jeho kysela forma tj. kyselina
dodecylbenzensulfonova, jejiz neutralizaci se vyrabi, je na
rozdil od kyselych forem vySe uvedenych sulfatti a sulfonatt
neomezené stabilni, da se snadno pfevazet a neutralizuje se az

1
SO,Na n=6-9
NSNS O H 2
\/\/\/\/\/\/\/\H,ONa 3
O
/\/\/\/\/\/\OSOSNa 4
/\/\Nv\rSO3Na 5
COOCH,
~aJH
§0
o}
~ eSS NS0 OH 6
n=1416 |HO OH _n
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na misté. Ostatni vySe uvedené sulfaty a sulfonaty se prevaze-
ji ve formé sodnych soli obvykle jako 30—40% pasty, coz
znamena vyssi prepravni naklady, krom¢ toho jsou tyto pasty
vzhledem k obsahu vody korozivni a musi se obvykle pfi
Cerpani z cisterny rozehiivat parou.

Z obnovitelnych surovin jsou zuvedenych sulfati
a sulfonatti bézné pouze alkylsulfaty (4) a estersulfonaty (35).
Alkylsulfaty a estersulfonaty maji tu nevyhodu, Ze mohou
v pracim roztoku hydrolyzovat a vyroba estersulfonatt, které
se vyrabg&ji sulfonaci methylesterd vyssich mastnych kyselin,
je vzhledem k pfitomnosti esterové skupiny technologicky
mnohem naro¢néjsi nez ptiprava ostatnich sulfonatd.

Alternativou k (2) jsou alkylpolyglukosidy (6), které jsou
zcela na bazi obnovitelnych surovin, jejich nevyhodou pro
pouziti v praskovych pracich prostiedcich je jejich pénivost
a vyS$$i cena. Vzhledem k témto vlastnostem se (6) pouzivaji
v recepturach kosmetickych mycich pfipravkd, tj. ve vlaso-
vych Samponech, tekutych mydlech atp.

V budoucnosti 1ze zfejmé ocekavat postupné snizovani
mnozstvi natriumdodecylbenzensulfonatu (I) v recepturach,
ale zfejme to bude proces pomaly, ktery v§ak muze byt urych-
len zvySovanim cen ropy, ¢i legislativné, podobné jako se to
stalo v Ceské republice tohoto roku s fosfaty.

Tato prdce vznikla za podpory MSMT CR: VZ 6046137305.
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Sacharidy jsou nejdostupnéj$i organické slouceniny
z obnovitelnych zdroji, a proto byly a stale jsou pokladany za
perspektivni nahradu surovin z fosilnich zdroju. Jsou dilezi-
tou slozkou na$i potravy a v biologickych systémech byly
sacharidy po fadu let povazovany pouze za stavebni jednotky,
zasobarnu energie, nezbytné slozky pojivovych tkani a sou-
pfipadé se jako vyznamna role sacharidi ocefiovala jejich
schopnost modifikovat fyzikalné-chemické vlastnosti mole-
kul, dodavat jim rozpustnost ve vod¢ ¢i ovliviiovat prostorové
usporadani molekul pomoci siti vodikovych vazeb, modulovat
jejich biologickou aktivitu nebo stabilizovat jejich strukturu.

Zjisténi, Ze rozpozndvani na bunééné urovni je zalozeno
na interakci sacharidového epitopu glykoproteinu nebo glyko-
lipidu s proteinovym receptorem, vedlo kexplozi zajmu
o chemii sacharidii. Tak se sacharidy ucastni adheze infek¢-
nich buné¢k na buiiku hostitelskou, zrani a smérovani leukocy-
ta, interakci imunitniho systému nebo tvorby a diferenciace
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rakovinnych bunék a jejich metastaz a dalsich zivotné dulezi-
tych pochodti. Porozuméni tomu, jakymi mechanismy sacha-
ridy pii téchto dé&jich vystupuji, je velice dulezité, protoze
rozpoznavani je vzdy prvni fazi onemocnéni a cilené zasah-
nout v tomto okamziku je samoziejmé Zadouci. Obecné hle-
dani inhibitort tohoto dé&je sleduje dva zdkladni motivy: akti-
vitu proti biosyntéze glykokonjugdti a nebo interferenci
s glykokonjugaty v procesu rozpoznavani. Pfes obrovské usili
veédcl jsou zatim pokroky v hledani 1é¢iv a vakcin na bazi
sacharid ponékud problematické. Duvodi je né€kolik. Proza-
tim chybi metodika porovnatelna se syntézou peptidd na pev-
ném nosi¢i, modifikace polyfunkénich molekul jsou vzdy
obtizné a drahé a sacharidy obecné maji dosti nevhodné vlast-
nosti pro pouziti jako léCiva: jejich afinita k proteinim je
nizka a podavané oralné jsou inaktivni, protoze jsou hydroly-
zovany snadno enzymy in vivo. Mohou byt proto podavany
pouze injekéné pro 1é¢bu akutnich symptomt, ale i tak mohou
podléhat ataku glykosidas napt. v séru. Z uvedenych divodu
je Casto vyhodné nahradit sacharidy latkami, které napodobuji
jejich strukturu a funkci v procesu rozpoznavani, ale které
maji lepsi stabilitu, selektivitu, afinitu a syntetickou dostup-
nost. Nicméné pro porozumeéni procesu rozpoznavani je defi-
novani role sacharidl velice dulezité, a proto badani vétSinou
zacind u sacharidi s cilem definovat ty funkéni skupiny, které

vvvvvv

bude v pfednasce veénovana hledani inhibitort galaktosyl-
transferas.

Ovsem manipulace s polyfunkénimi a polarnimi moleku-
lami, jakymi sacharidy jsou, pfinasi s sebou fadu prekazek,
které musi organicky chemik ptrekonavat. V pfednasce budou
uvedeny i piiklady béznych organickych reakei, které vedly
k neocekavanym produktim, pokud byly pouzity pro modifi-
kace sacharid.

Prdace je soucdsti FeSeni vzkumného zdméru MSMT
6046137305 a projektu GA CR 203/04/0355.
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Polarografie, tj. méfeni kiivek intenzity proudu
v zavislosti na napéti za pouziti kapkové rtut'ové elektrody, je
metoda objevend r. 1923 profesorem Jaroslavem Heyrov-
skym (Nobelova cena 1959). Tato metoda patiila v letech
1950-1970 mezi pét nejéastéji uzivanych analytickych metod.
Diky rozvinuti chromatografickych a dalsich analytickych
metod je dnes k analyzam uzivana méné. Jsou vsak stale obo-
ry, v nichz je pouziti polarografie vyhodné pii feseni problé-
mi aplikovaného 1 zdkladniho vyzkumu. Jen z nasi laboratote
a ze spolupracujicich pracovist’ je mozné uvést fadu prikladt
takovéhoto pouziti polarografie z posledni doby (cca sedmi
let). Jsou to analyzy 1éCiv, xenobiotik v zivotnim prostiedi,
dale vyzkum nékterych heterogennich systém, jako studium
reakce Zludovych kyselin s ionty Me*', sledovani interakce
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nitrosamint ¢i pesticidti s ligninem apod. V heterogennich
smésich byl téz studovan pivod huminovych kyselin a alka-
licky rozklad ligninu.

Mezi feseni problémi zékladniho vyzkumu patii studium
elektronové delokalizace v azinovém seskupeni >C=N-N=C<,
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diprotonace hydrazonl a oximi, vznik iminu jako reakéniho
meziproduktu, dikaz vzniku karbinolamint, hydratace azo-
methinovych vazeb a vazeb C=0O v aromatickych dialde-
hydech.



