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Aloe Vera and Methylsulfonylmethane
As Dietary Supplements:
Their Potential Benefits to Arthritic
Patients with Diabetic Complications

M. Banasova, K. Valachovd, 1. Juranek and 1. Soltés’
[nsttute of Expern

rental Pharmacology and Toxicolagy,

Slovak Academy of Sciences, Dratislava

Abstract

High-molar-mass hyaluronan (HA Y was used as a model bomacromolecule to study
s i ovireo oxidatve damage. The maim aim of the present study wos Lo test Aloe Vers
Freedom drinking gel and one ot its componems, methylsulfonyhnethane, Tor ther abiliy

[

to protect HA fram oxidative degradation, The secondary objective wis 10 monitor th
blood glucose levels i a patient suffering from osteoarthnus and wpe 11 diabores melling
and 1aking Aloe Vera Freedom drinking gel.

The oxidative degradation of high-molar-mass 1A S ovinrg wos imiated by the
Weissherger svstem, comprising ascorhate and cupric ions, and monitored by rotational
viscomelry.  The pro- and  anboxidative  activiey of - methylsulfonyvimethane was

determined b ABTS and DPPH decolorization assays, The patient’s glyveenna was
maonitored USINgE 8 cony entional phcometer for 41 days.

Dose-dependent pratection of igh-melar-mass HA from s oxidative desradation by
Aloe Vera Freedom drink
exerted o pro-degradavve effeet along with o poor reductvesanuoxidative ability as
revealed by the ABTS and DPPH tests. Administeation of Alee Vera Freedom drinking

eel had also g beneficwd effect in reducing hyperglveemia

iz el was found, Methylsulfonvlmethane, on the contrary,

Concludimg, a combination of standard  treatment with supplementary dietary
additive, such s Aloe Vera Freedom drinking gel. may improve hyperglyeemia in some

Instiute af Expernimental Pharmacology and Toxicelogy, Sloval Acwilemy of Sciences, SE-54104 Branstava
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diabetic patients, while others may benelit lrom the possibilisy of lowwering the dosape af
the main drug.

keywords: ABTS and DPPH assavs, blood glucese levels, hyaluronan, oxveen free radicals,

rolational viscomelry

Introduction

On average, a healthy person reaches a lifespan of ahout 80-85 vears in developed
countries; women live usually longer than men. In fact, pre-mencpauesal women are
considered to have a lower risk of common discases than men, On the other hand, meno- and
post-menopausal women oflen suffer from various articular degenerative disorders, with
osteoarthritis 1o be mentioned first. Along with dinbetic complications, which are classified in
the present time as a “civilization disease™. the list 2-3 decades of women’s life mav |nce
several risks,

One al the possible solutions s the use of frecly available drugs, painkillers - ibuproten
classifiable as first aid. Sufferers often extend these pan-inhibiting drugs with several dietary
supplements, whose dazzling variety is advocated daily by sources of mass communication,
meluding television, radio. billhoards and printed sheets,

Ihe mazin goal of the present paper is o provide particular knowledge of the authors
obtained during their long-term research effort and bused on their experience in the feld of
degenerative articular disorders and to report some findings on the effects of several
commaonly used pharmaceutical products,

Synovial Joints, Osteoarthritis, and Pain

The adult human skeleton is unique regarding its 206 hones — their size, and mass. Bones.
cither individual or fused, are suppored and supplemented by ligaments, tendons, and
skeletal muscles. Articular hgaments and endons are the main parts halding the joins)
together. In respect to movement, joints may be clussified as freely movable, partially
moveable or immovable. Svnovial joinls, encompassing wrists, knees. ankles, shoulders. and
hips, are freely moveable (cf: lizure 1), enabling a laree runge of motion,,

A ot is formed by the ends of two or more bones connected by connective tissue. The
tunetion of the svnovial joint in the human organism is o ensure motion of adjucent bones in
the plane (bending v« vi as well asin space (frolation v s+ ¢ — =), Bone ends linked in the
Jomt ol healthy subjects are encased in a4 smoath hvaline taver — the carfilage. Figure 2
sketches o section ol articular cartilage, where chondrocyies unider normal phvsiolooicnl
conditions permunently rebuild therr exsracellular matris, e the cartinge,

Carfiluge belongs o mechanically highly siressed tissues in the human hody, Al wilking,
e o sprinting, the stroke frequencs reaches approsimately 0.5, 2.5 o up tiy [k He,
respritnely. Cartifage [unchions as o shock absorber. This propertsy s derved from s hieh
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2 the dasae of nneng polymernic components that constitute the cartilage 1issue [Sérvaty eral, 2007 The
ucrachion between highly negtively charged carlifage p]'l.]lu“'hl,,!lh and tvpe 1 collagen
Bbwals as responsible for the compressive and tensile strength of the tssue. which has 1o
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Freare 20 Armcalar cartilage — mam components and stowcture (Chen o ol 20060 Three classes of
proteins exist in artcular cartilage: collagens (mastly type 1), proteozlveans (primarily agerecin ). and
ather noncollagenous proteins (including link protein. Mbronectin, COMP — cartilace olipomeric matrs
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High age and weakened muscles may resull in a destruction af most structures of the
joint, which ure then often subjected to surgery, Loose cartilage fragments along with bone
spurs in the svnavial fuids are not able 1o play their shock-sbsorbing role effectively.
Mechanically irritated nerve endings in 1the bones of the joint are responsible for severe pamn,
[f & non-physiological status persists, degencrative processes may prevail. Osteoarthritis (ThA:
el figure 3) represents a tvpical chronie degenerutive disorder of the svnovial joint.

One of the secondary markers of OA diseases is reduction of molar mass of svnoy il
Muid (SF) hyaluronan (HA ) which s T, fe. non-protein bound, While the molar mass of
HA in SF of healthy adult humans is up to 7 megaldaltons (Fraest et al., 1997, the average
molar mass of HA in OA is reduced to about 4 megallallons (Balazs, 1974). This may be the
result of various causes. E.g. dysfunction ol synovial membrane B-type synoviocytes may be
involved resulting in a production of HAs with low molar sizefs). Another possibility 1s that
HA macromalecules of high-molar mass (7 megaldalton) extruded by pnormally functioning

synoviocvies undergo free-radical-mediated oxidative degradation within 5F,

Muscles Bone spurs Synovial membrane

Tendons

Worn-away — Bone
cartilage Larulage Synovial fluid
: ragments
i fiund

Figure 3. Ostasarthnibe jont thitp: v healthiplinmuenehish comealihimusculoskeletad/

pstecarthritis|joint-osteoarthrins mf (valid: Augost 14, 20020
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hendy assoctated via link proteins with protecebveans (o, Deore 20 the TEA macronolecales

o s are enly loosely connested with proteins, o at all,

Free-Radical-Mediated Oxidative
Degradation of Hyaluronan

Many human diseases are associated with harmful action of reactive oxveen specics
sy (Halliwell and Gutteridge, 19891 These species are mvolved i oxidatve modilication
nnl damage of essential bomacremolecules, Among them, synovaal uid (5F) high-malar-
mass A s of parttcular interest. The reported reduction of HA molar mass in the synovial
Mond of patients suffering from artheitic diseases led to dr vireo studies on HA degradation by
reactive oxveen species (Parsons et al, 20020 Une of the carliest investigations was carried
o by Pigman et all (1961 and sioce then numerous staihies have investigated the action of

warous BOS an FIA (el Table 1.

lable 1. Some {n virro studies on the degradation of high-molar-mass HA by chemically
generated ROs

|References
Lietal,; 1997 Orvisky ¢l al., I"J.‘J?; Fragest el
al:, 1997 Al-Assal e al, 1999 lahn ey al,
1999; Soltés et al., 20011 ; Rees et al., 2002;
Soltés et al., 2003; 2006a; 2006b: 2007: Gao
etal., 008 Kennett and Plavies, 2008;
Yang et al, 2000 Diravnkiewice and
S S Bulurs, EIJI__". )

CINOMY I NaNO = (H:0- = HCD b Natd [ Lietal., 1997; Parsons oo al,, 2002: Al-

oF Mahiy + 0h Acsat et ol 2003 Corsara et al, 2004:
K ennet mjgi I'.}:n-_s_r.a_ 207
Baker et al, 199 Tahnoet gl 1999 Bees el
al., 2002 2003; 2004

ROIS | KOS senerated chemically
"Ik [ H-3 + tramsitional melal cation

OO HOCT 'I]}'|'|u-;_'hlnri.:t

Desigrn of the stwdyve Practically any ol the o eitro systems used  for testing the
antioxidative efficacy of & compound/drug commonly contmns three components: 1) an
appropriale source generating reactiveloxidative species; 1) the antoxidant whose efficacy
bits 1o b tested; and i) an approprizle marker indicating the course ol the reaction {Barreto
elal, 1995),

M the studies listed in Table 1, the results of action of 1bupeofen m 1s Tunction as
preventive antioxidant need 1o be specifically mentioned (Soliés et al, 2001} Despite the
well-established difterence in the pain-hlocking activity of the two enantiomers, ihuprofen
has to date been marketed as the RS-f2i-racemic misture o the majority of countries.
I'herefore, anticvidative  anrdfor  free-radical-scavensing  activities of  botl ihirprofen
cuandomers and of the dreg racemate were studied o viee by measuring the kinetics of
twnihibited o dewg-tnhihited] degradation of Nishanolar-nass Ivalivronan by hedroaoed

vaidicals. The continual flux of @OH vadicals ar gerobic conditions 1vas mainrained by the
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H2OZ + Cufll) system. The kinevics of hvadnronan degradarion was wonitored indivectly by
capiflary viscometry. When no drag added, the relative viscosite ((q)rel)  decreased
condinuousiy: this reflecting HA deovadation, and reached —13% of the initial wired value i
40 .lr.l_'-]rfp.r'fg,?'}.’i'r 1'.=£.l.'.'_.lrbHJ'J{l" foever! i .'_.I'r.'\'L'-.:."L'_,I'.IL'.I?{.IlL';'.I‘iIf PriecEion (L:,r'_'_,",Tlg,-u,rp 3l
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Frzure 3. Inhihition by RS-{=)-1buprofen of LA degedaion mduged b hydrogen peroxade -
Cufllh

As the synovial membrane is the proposed prnmary site of the inhibitory action of
ibuprofen on prostaglandin synthesis, substantial ibaprolen concentrations should be attained
within SF (the drug therapentic window lics hetween 10 10 50 pg/mby. As evident {cl figure
33 RE-(=)-ibuprofen showed that at the maxonal dooge concentration applied, Lo at43.6 mu/l,
tbuprofen completely blocked the HA degradaton i vieo. Henee, our lindings may evidence
that along with a known pharmacological action ol ibapoten, Le, blockage of prostaglandin
synthesis, the drug may prevent pathological rec-rabical-mediated HA degradation in SF.

Ihe presence of Ho0- and Cufll} was demonstiated in SF of the inflamed joimt
(MNiedermeter, 19650 Therefore, in one of our provios studies, we used a generator of free
radicals of a composition qualitatively close 10 the ziven pathophysiolomcal condition
{Orvisky et all 1997) In particular, hydrogen peroside (¢ = 8.0 mmol/L) along with the
transition metal ions ol copper (¢ = 0.2 mmoel Ly provided 2 constant Qux of "OH radicals
However, 1o generate "OH, the reaction between Cutll) and hvdrogen peroxide requires un

induction, whose mechanisn has been proposed b Al-AssaFet al 1993,
FLO 4 2000 —= 200l + 0 = 2H'

The product of this reaction, Cutl), is o actual reactant for the decomposition of Ha(-
it n turn selds TON radicals: The "0 sslicals then abstract proton from the HA
macromolecule: The resultime HA (macreadienl 0AT) reacts under aerobic conditions with

i r 1 L
molecular psveen sielding o secondars perosy D imacronricicn) CA<0-0" The latter

pairticipates
i hovam et al
al., 1993 11
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participates in the phase of propagation ol frecoradicab-mediated oxidative degradation ol 1A
o et al,, 1995, Cievisky ot al, 1997 Greenwald coal ) T9S0; Wang et al,, 1981 Saari v
al 1943 Hlaakins et al., TG ),

To overcoms some concerns about the Al-Assal reaction (AL Assal ctal | 1995 Ha(), o
() —= 2Cuil) + O, + 2H ). particularly that of the presence of a proper reductant ol
o under dnovive conditions, we constdered the role of ascorhate present in SF. Therelore,
i lurther experiments studyving the igh-molar-mass HA dearadation in the presence ol 3
tace amount of Cullby, we applied ascorbic acid as o reducing agent, All the mentioned
components actually comprise g well-established Weissberger blogenic oxidative system
W BOS, Fraure 0)

WEOS: Two differen experimental arrangements were used when workmng with WROS,

= [irst, by adding the substance tested for s protective effect apmnst oxdative
degradation of HA m tme 0 ming e the onset of free-radical generation, the
substance capahility 10 scavenge "OH radicals and thus lo nct as a preventive
antioxidant was addressed ( Soltés et al. 2006k Hrabarova et al . 20020 (of. tahle 2.

o Second, by adding the substance | h afier the reaction onset, we investigated the
ability of the substimee o scavenge peroxy-tvpe radicals. e twooact as a chain-
breaking antiosidant (Valachowvd et al, 200893 20000 200 la; Hrabiarovd et al,,
20 2u) (el table 2.

H I
If 0, .0 o A, 0
HEHE \?# Le  HOHC —Y \f'/
| A+ cugny + O, = R
HOHC S ' HO-H.C o ) I\“f
0 i—H 07 ‘B—H
- T
AseH Cull-0==p
1
% il o h[\ G =0
i b ;
o + Cully + HG, == |
HOHC e oo [ i\\\
o 0 0 0
s I ——O—H

L e ; .
Hab0e = L | e -mcomiples ©H A+ HOE S Cullh ) cceomples
Figure i, Chemisoy of Weissherper's hinpenie oxdative systen: Hydeogzen peroside 15 renerataed by
vidation of ascorbate al catalytie action of Cufll)ions (adepted from Hrabdrovd, PRI Thesis (in
Slevak), Bratislava 201 2c) AscH and DA denote ascorbate anion and delvdroascorbate,
respeciively
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Table 2. Some in vitro studies on the degradation of high-molar-mass HA by WODS

[ROS [ROS oemer ated | References
chemically | -
*OH [Cullly + ascorbale Soltes and Kogan, 2008; Valachovd et al,

S b 2008 by 200 Dab.e,ds 201 Tab:

1 b lrabarova et al, 2009, 2010 201 2a,b:
Dheali erabe, 200105 Stankovska et al., 2000
Mafusovi et b 2002 Surovéikovi-Machova
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Aloe vera action; Effects of Aloe vera preparation (Ao Vera Freedom drinking gel, LR
Health & Beauty Syatems, Germany ) on axiditive deeradation of HA (2.5 mg/ml) initiated
by 1 uM cupric chloride pius 100 uM scorhate were investigated by adding 30 or 300 pl. of
the Alpe Vera preparation into the reaction system cither before the onset or | h after the
initiation of the reaction, Changes in dynamic viseosity of the 1A due to its degradation were

monitored via rotational viscometry (Figure £

Trenuinin visenily [mars]

e

i il 13 IHi pat 1] LLL

T g Tene jnan|

Figure 7. Effect of Aloe Vera Freedom drnking pel prepastnn on ligh-molar-mass haaluroman
degradation nduced by | 1M cupric chloride pfes TE W ascorbale. Left panel — effect of the
preparation added o the svatem before the enset of HA deprdation, mople: | =305 2 - 500, Fight
pancl - effect of the preparation added into the svstem | hatter the matiation of HA degs adation, inul:
1 5002~ 500, Belerence: 0 — swithout the Aloc Ve prepeiration

The results indicated that the Aloe Vera Freedom drinking gel tesied added in a small
volume of 5 gL inte the system comprising Bvaluronan, Culll) jons and ascorbate, neted
pro-oxidatively (Figure 7, curve 1) The gremer the volume of Aloe Wera preparation, the
oreater.was the protective effect (Figure 7. curve 21 Alow Vera preparation was interpreted 10
act as preventive antioxidant.

Since the Aloe Vera preparation contains i wide repertoire ol trace clemunts and
cubstances (cf. Table 3), the experiments performald may therefore be classifed as a “hiack
Box™ studs, When the anti-oxidative ettt ol e Aloe Yers preparation prevatled over those
ol the pro-osidative ones (on applying only S0opl, a consideruble relardation or gven

inhibition of 1A dearadition shoutd be obsersed. o sas the case on applong the volume of
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i lenedroitin suliate 500 mg

Clucrsiimine sulfate

| ety Lsutforyimethane

43
I SO0 mye 450 ma
BE o

|.".5'1] mg

g nutritional seppiemeant comtaning a concentrate of oranpe juice and vuamm F made lor

phiysically active humans anid those suffering from locomeotion apparalus disorders Recommended
30t ml 3 times daily, optimally belore foud consumption (or 1o admis with water)
Aloe Vera Barbadensis Miller Gel (USAMexico, 89 %), fruclese. concenirals of

culfate, methvisulfonylmethane, aine aciul,

i il

s h nnpoestlion.
arange juice, chondroiin selfate,  plucosmmins
Lbibilizer: wanthan, prum_‘r\';ninn' pnls-..f.sium sorbate, sodium henzoals, pmatural oranges Groma,
tios idatve sdditives: ascoriie ackld, vitamin E. RDD - recommended daily dose,
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Fipure 8. Effeet of MSM on migh-molar-mass HA degradation induced by | uhd cuprie chlovide plis
00 p i ascorbate, ssn added meo the sysiem before the onset of HA degradanon (leh panel) i phl
| _ p00s 2 — 400 3 - 100D, Reference expenment: O - ail acldition of MSK. MM added mto the
svstem | hafier imnation af 1EA degradation {right pinely, i pde T - O 2 = 400; 3 — 1000

W eference experment: O — nil additon of MSM,

Several studies have reported 2 heneficial effect of topically and orally admimisiered Ao
altients suffering from vanous diseases, in particular angina pEctuns,

vera preparations im p
¢te. The above preparation,

dinbetes, psoriasis, wound healing, chronic venous leg uluers,
Aloe Vera Freedom drinking gel, comtains among other supplements minimally three other
osteparthritic complications, namely,
chondroitin and plucosamine subfates ulong with methylsultonylmethane (M5 My, Since the
wir sullites can be classified as chemically analogous 10 HA, we mimed our further

companents  that are tepically recommended  for

former 1
irvestigation at the pro-or antioxidant action of MSM

Figure § represents antioxidant action of MSM aganst "0 radicals (Jeft panel) and

against peroxy-iype radicals (right panel).
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As evident from the results of Figure 8, lefl panel, no preventive anuoxidative elfect of
MEM was detected even with the highest concentration wsed (1000 uM), The relationship of

HA dynamic viscosity versus time demonstrated that MSM (100, 400 and 1000 1M ) curves
fell close 1o the reference curve. On the other hand, when applied | b atter the reaction onset,
S 100, 400, and 1000 1My exerted a clear pro-degradative effeet. This should be taken
mto account when the preparitions containing MSM are applicd to arthritic patients. Therr
condition could be worsened by MSML wlhich moy readily reach svnovial joints and hence
ageravate the pathology by promotme oxdatve degradation of HA in 5F
Methylsulfonylmethane  (MSM), preferred IUPAC name  methanesullonylmethane
[Figure W), occurs naturally m many plants and may thus be present o significant amounts in

Fooeds and heverages of natural origin

Frgore 9. Chemical structure of methyvlsultonylmethane (selfur content: =33 maol. %)

MEM, a white crystalline, is often marketed as a dietary supplement. Its biochemical
reactivity from the point of view of participation in redox reactions 15 rather limited since its
S-gtom is already in the highest exidation siate. Nonetheless, there are indications for MSM
apphication as dietary supplement, specifically Tor sodfor supplementarion, ongmating in 985
when Herschler patented "Dietary and pharmaceutical uses ol methylsulfonyimethane and
compositions comprising 11" (Herschler, 1985 )

Al present, MEM s sold and marketed as o dictary supplement, often in combination with
elucosamine andior chondroitin with indication o amprove treatment and prevention of
osteaarthrits (Kim et al., 2006; Usha and Naidu, 2004, Brien et al., 2008 However, as
claimed by Brien el al (20081 "MNo debinitive conclusion can currently be drawn” and there 15
no definitive evidence that MEM 15 superior 10 placebo i the treatment of mild 1o moderaty
nsteoarthritis of the knee”, Mauneuc resomance studics revealed that orally applicd MSM 1
well absorbed and readily crosses the blood-bram barrier {Rose et al,, 2000: Lin et al.. 2001,
Engelke eral., 2005).

According to our resulis, it 1s hard (o build o strong case for its use other than lm
supplementation of sulfur, an element essental for butlding such structures of the joint as
agerecans, Moreover, @ high load of MSM into the mllamed joint may be hannful. Since the
biochemical effects of supplemental MSM are poorly understond and some studies indicated
that MSM has anv-inflammatory ellects (Morton and Stegel, 1986, our Turther elTort was Lo
test this substance by standardized antiesadant wests, particulacly by ABTS and DPPLL gasavs
Wi lested MSMN n g concentration range from (007 mbd 1w | mM, but no o antioxidative

effect was found: on the contrary, MEM cxerted o sheht pro-oxidant effect.
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Aloe Vera and Type 1II Diabetes Mellitus

L A

The primary tenct: “dlae Vera fuice fmvers blood elucose and reielveeride
ettt panents™ (Yongehaivudha et al, 1996) stumulated us w carry oul i pilol shody
mpplome Alee Vers Freedom drinking gel (LR Health & Beauty Svaiems, Germany ) e a

velinteer sulfering from ostecarthritis and type |1 diabetes mellitus. Over the period ol our
sbvthe patient was treated for arthritis and taking the Aloe Vera prepacation: she was
i -I'*'L'1L'l_ihfm' mohility function as well as for glveemia routinely iHaver elucomete

; I — lype
| aisloy 1'| g

The glucose levels determined early mornmg are depicted in Fioure 10

Fhienghout the lollow-up study, the patient ook her antdiabetics — Siofor, | oram, 2 umes
daily. Empty cireles in Frgure 10 show alucose levels when taking Siofor onlxx',
Do glucose levels when hoth Siofor and the Aloe Vera preparation were taken,
Ihe first three measurements (Figure 10, empty enreles) showed plucose levels in the
patent treated with Siofor onlv, Her blood alucose levels were hig]acrﬂn;n in he
whieh usually Muctuate in the range ol 4.4 and /.7

full circles

althy humans,
. mmol/L. Our data implicate that the paten
v likely to have an impaired glucose tolerance (1GT). 1GT and impaired [asting glucose
lolerance ([FG) are considered prediabetic states. In 1GT, the hlood sugar level is uJ:rl:n[l:a]]x
mereased (7.8-11.0 mmol/L). In 1FG, fasting plycemia is moder:ﬂ;]} inereased 45_15-{:.5
mmol/L), 1t is well known that diabetic patients with chronic hyperalyeemia have a hizh risk
ol dabetic complications, )
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Frgure 10, Blood glucose levels i the voluntesr, Empty cireles - valupleer is contimually rreared only
with Stofor. Full circles - valunteer is contin ually treated with Siofor and with Alee Vera Freedom
drinking gel.

Ohver a period of wking Aloe Vera Freedom drinkine vel alane witli the standard
antidiabetic treatment (full cireles, Figure 100, the patient’s glyveemia decreased on average m

8 mmol/L. This decrease may be aitributed to a beneficial effect of the Aloe Vers preparation,
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After stopping the use of

p22 %1, Bafiasova, K Valnchowd, L Taranek, et al,

the preparation, the ghucose level decrease deepened, T

value of 6.7 mmol/L on day 1], which falls within the desired range of

Suhsequently however glycemiit significantly ereased (over 9-11 mmol/L. This

remains unexplained. though it has to he noted that we cannot exclu

reaction, as the patient was cobbed at that time. [t is known that old peop

srress aften get their blood ulucose | nereased.

standard treatment along with the administration of 7 suppleme
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Conclusion

In conclusion, we wish o SUMIMAriEe our experimental datd in support for

taking the dictary supplements studied for specific pathologies.
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MM, detected as o risk component, coubd abso be replaced by g I:':|~1quilim.:|' of natural
nrnine wlieh may o advantage contain o sulfur atom meoits molecule Wan advanlage. We
vonclude tha this diviary supplementation wauld provide o step forward for patients sulfering

fromm dinhetes mellitos tepe 2 and depencrative jomt disorders

Acknowledgments

W thank D Olea Ondrepickovd for providing Aloe Vera Freedom deinking gel and our
temale patient for participation in the study. We also thank the company of Bio G, Bratislava,
SE O pwww biogsk) for providing a glucometer and appropriate strips

The paper was supported in part by the Slovak Grant Agency VEGA (grams Moo
2O0TTET and 2000490 2y and APV No, 0351-110.

References

Al-Assal &, Phillips CO, Deeble L3, Parsons B, Stames H, Von Somnte O The enhaneed
stability of the cross-linked Hylan structuee 1o hydroxyt (OH) radicals compared with the
uncross-hinked hyvaluronan, Radiat Plhos Chem, 46 (1993 207-217.

Al-Asaaf S, MHawkins CL, Parsons B, Davies M Phillips GO, Tdentifieation of radicals Irom
hvaturoman (hvaluronic acid) and cross-hinked denivatves using clectron paramagnenc
resonance spectroscopy, Carbohvee Polvm, 38 (19949 17-22

Al-Aseal 5, Novaratnam 5, Parsons Bl Phillips GO, Chaimn scission of byaluronan by
peroxynitrite, Arel Biochem Biophvs, 411 (2003 7381,

Baker M5, Green 5P, Lowther DA, Changes in the viscosity ol hyaluronic acid alter exposure
toa myeloperosidase-derived oxidant, Artheitis Riewm, 320 19R8) 461467,

Balurs LA, The plivsical properties of sveovial fliid aed the special vole of hvaluronic veld,
In: Disorders of the Knee. {7 ed, Helfet AL (Ed). Lippincott: Philadelphia (1974) 61-74.

Dafasova M, Valachova K, Juranek [, Soltés 1, Seavenging of oxyeen-derived free radicals
by bucillamine and its disullide derivative SAREL the effect Tikely involved n the
pratection of oxidative hvaluronan degradation. Drogs: Therr action 1n pharmacology and
toxicology, published by Institute of Experimental Pharmacology and Toxicolozy,
SASC, ISBEN: 9T8-80-97 1042-0-T, (Z012) 176-184.

Harreto 1O, Smith G5, Strobel NHP, MeQuillin PA, Miller TAL Terepduhalic aoid: A
dosimeter for the detection of hvdrood radicals in viveo, Life Sei, 56 (1995} 8496,

Grien S, Prescott P, Bashir M, Lewtth H, Lewith G, Systematic review of the nutritional
supplements dimethy] sulfoxide (DMS0) and methylsulfonylmethane (MSM} in the
treatment of osteoarthriis, Osteoarthrits and Cartiloge, 16 1 2008) 1277288,

Runyapraphatsare N, Yongchaivudha 5, Rungpitarangsi V., Chokechaijarocnpom O,
Antidiabetic activity of Aloe vera juice. 11 Clinieal trial in diabetes mellitus patients in

combination with glibenclamide, Phviomedicine, 3 (19596 245-248,



[24 ML Banasova, K. Valachova, T Jurdnek, ¢ al,

Corsaro MM, Pietraforte D, D Lorenzo AS. Minetti M, Marino G, Reaction of peroxvnitrine

with hyvaluronan and related saccharides, Free Radic Reg, 4 (2004) 343353,

Chen FH, Rousche KT, Tuan RS. Technology Tnsight: adult stem cells in cartilage
regeneration and tissue engineering, Net Clin Prac Rhenmatod, 2 (20061 373-387.

Darzynkiewicz 7, Balazs EA, Genome inlegrity, stem cells and hyaluronan, Aging, 4 (2012)
TE-HE.

Drafi F, Baverawvii F\ Vatanchowvi K. Ponist 5. Mihdlova T, Juranek 1, Boldyrew A, Hrabdrowa
E. Saltés L, Curnosine inhibits degradation of hyvaluronan induced by free radical
processes in vilro and improves the redox imbalance in adjuvant arthritis in vivo,
Newroendocringd Lewt, 31 (20000 B 1K),

Engelke UF, Tangerman A, Willemsen MA, Moskau D, Loss S, Mudd SH, Wevers RA,
Dimethyl sulfone in human cerchros Pl Nuid and bloed plasma confimmed by one-
dimenstonal {DH and  two-dimensioagal CERH-0130E NMER, NME Biomed, 15 (2005
331-336.

Gao F. Koenitzer TR, Tobolewski IM, Jiange 13, Lisne ). Noble PW. Chury T, Extracellular

superoxide dismutase inhibits inllammation by preventing oxidative fragmentation of

hyaluronan, J Bial Chem, 283 (2008) 6055 60660,

Greenwald RA, Moy WW, Effecr of ey ien-derived free radicals on hvaluronic acid,
Arthitls Rhewon, 23 (1980 455163,

Halliwell B, Guueridge IMC, Free radicals in hintopr and medicine (2" ),
Clarendon Press, (1989) | 52-156.

Hewkins CL, Davies MY Direct detection cand ide weificution of radicals generared during the

Crclord:

hvdvoxyl radical-indueed degradation of Iwalweonic avid and vetated marerinls, Free
Rodical Biol Med, 21 {1998 275200

Herschler RJ, Dietary and pharmaceutical ases ol methvlswlfonvimetiane and compasitions
comprising i, LS, Patent Mo, 4,.514.421 ( 1985)

Hrabdrova E, Valachovd K, Rvchly 1, Rapta . Susinkovi V. Malikovd M. Soltés L. High-
molar-mass hyaluronan degradation by Welsshoroer's svstem: Pro- and ant-oxidatye
clfects of some thiol compounds, Polvm Deorad Srab, 94 (2009) 1867 1875,

Hrabarova E, Valachova K, Rapta P, Soltés L. An aliernative standard for Trolos- ~eauivialent
antioxidant-capacity estimation hased on thiol antiosidants, ¢ omparative 2,2 -azinohis| 3-
ethylbenzothiuroling-6-sulfonic acid] decolorization and rotational Viscomelry study
regarding hyaluronan degradation, Chem Biodivers. 7 (2010) 2191-2200.

Hrabarova [, Valachova K, Jurinek 1. Soltés L. Free-radical degradation of high-malar-mass
hyaluronan induced by ascorbate plus cupric ions. Evaluation of antioxidative effect of
cysteine-derived compaunds, Chem Biodivers, U (20124) 309=317.

Hrabarova k. Valachova K, Jurdnek [, Solies L, Free-radical degradation of high-molar-mass
hyaluronan mduced by ascorbate plus cupric dons. Anti-oxidative properties ol the
Picitany-spa curative waters from heahng peloid and maturation pool, In: Kireries

Catadvsiy and Mechanisnr of Chenicod  Reactions: Fram Pure o Aplied Selfence.

Volume 2 - Tomorrow and Perspectives, R. M, lslamova, S, V. Kolesav, G. . Zaikes

(Eds. ) SNova Science Publishers, New York 1SBN: OT81-614T0LT 7724 (200 2k 20=36

IHrabdrowvi
radicils
tiod gr

lahin M,
alucuro
321 {19

lLennett BC
nitroger
mediale

boennett EC
Iperoxy
Med, 4L

koim 1S,
sultony
{Mteo,

hooan G

physic
Mosion,
(Eds. ).
bovam ) 0
frec-ro
Hivrehe

[0 M, R
Arch B
Lin A, N
brain: i
(20000}
Marton 11,
aulonmn
HMiedermen
SerN
tirvisky, B
Lesting
Pharm
IMiursons 13
oidat
e B
{Eds.),
Prgimiain W
Awihn
I'racst (M
wichzh

an
[55-1



shon ol peros vt
13-353,

noeells o cartilage
[My) 373382,

nan, Agiae, £ (2007

ddyrev A, Hiabdrowvi
ced by free radical
int arthrilis in vivo.

dd SH, Wevers BA
veonlirmed by one-
Ailomed, 18 (2003

iy T, Extraceliula
ve frapmentation of

air dvaluronic acid,
e (2" ed). Oxford:

generated during the

ed materials, Free
e e coengasitions

1 M, Sohés L, High-
= and anti-oxidative
T-1875,

or Trolox-equivalen
wive 2.2 -azinobis[3-
il viscometry study
200,

vof high-molar-mass

Mo idative effect of

vl high-molar-mass
@ propertics of the
ropoal, In Keries,
to Applied Science.
lesov, GG, E. Zaikov
-h {2001 2h) 29-3h.

"

pa. -nl'l'!?mm T T ETRS———.

Mo Vers gid Methvisallonyvimetiume As [hetry Supplennl I

Heabarova B, Free-radical degradation of high-molar-mass hyaduramm by oy oon o
ridicitls. Evafwerian of aatiavidaa properties of endosenic and exogcinie conpaonis o
tiod gronps o therr stencinee, PhD Phesis (In Slovak, Bratisiava 200 2¢, 31

Ll M, Baynes W Spiteller G The reaction of hvalurome acid and its monones
elucuronic acid and N-aeetylelucosamme, with reactive oxyeen species, Carhodids Ko
J2T (1999 228-234

Bennetl BC, Davies M) Glveosaninoghveans are fragmented by hvdroxy], carbonute, and
nitrogen dioxide radicals inoa site-selective munner: impheations for perosyaitrite-
medinted damage at sites of inllammation, Free Radic Biod Med, 47 (2009) 389400

bennett BC, Davies M, Depradation of matrix glvcosaminoghveans by perosynilrile
‘peroxyuitrous acid: Evidence for o hydeoxyl-radical-like mechamsm, Free Radic il
Med, 42 (2007) 12781289,

kim LS, Axelrod LI, Howard T, Buratovich N, Waters RF, Efficacy of methvl-
sulfonvimethane (MSM) in oslecarthoitis pain of the knee: A pilot chinical tral,
Chstenarthvitiv and Cartilage. 14 [2006) 2862494,

kovan G, Soliés L, Stern R, Mendichi R, Hyaluronic acid: A biopolymer with versatile
physico-chemical and  biological properties, Ino Handbook of Polvmer Besearch:
Monomers, lipomers, Polymers and Composires, Pethrick BA, Bullada A, Zaikov GE
(Eds. ) Nova Science Publishers: New York (20077 39339,

bovam ©, Granese T, Flaihant A, Pollesello P, Paolewi 5, Hvalvranan can be protected jrom
frec-radical depolvmerization. by 2 &-diisopropyiphencl, a novel radical scavenger,
Bipchem Blopfys Res Connniog, 193 (1993 927-933,

L M, Rosenfeld L, Vil RE, Cowman MK, Degradation ol hyaluronan by peroxynitrite,
Avch Biachen Biophys, 341 (1997) 2452500

Lo A, Nouy OH, Shie F, Ross BEL Accumulaton of methylsulforyImethane in the human
brain: identification by multinuelear magnetic resonance spectroscopy, Toxieol Leir, 123
(2007) 160-177.

Morton I, Siegel BV, Effects of aral dimethyl sulfoxide and dimethy! sulfone on murine
avtoimmune lvmphoproliferative disease, Proc Soc Exp Biof Med, 183 (19840) 227-230.

Miedermeier W, Concontration and chennical state of copper bn svinovial flutd and blomd
sevunn of patients with vhenmatord avheitis, A Rlenny Dis, 24 01965) 3445448,

Cirvisky, B, Soliés L, Stankovska M, High-molecular-weight hyaluronan - a valuable ool in
testing the antioxidatve setvity of ampluphtlie drogs stobadineg and vinpoceune J
Pharm Biomed Anal, 10 {1997) 419424,

Parsons B, Al-Assal’ 5, Navaratnam 5, Phillips GO, Comparison of the reactuvity of difTerent
ostdative species (ROS) wwards hvaluronan, In: Hvalweonan Chemical Biochemical
aned Aiolegica! dapecrs. Volo b Kennedy IF, Phillips GO, Willizams PAL Huaseall VO
ibds), Cambridge: Woodbesd Pubhshing Lud: (2002) 141=1310,

Figman W, Rizvi 5, Holley HL, Depalymerization of hyaluronic acid by the ORI reaction,
Avthdris Rlrenor, £ 01961 240-252,

Pracst BM, Gretling H, Kock B, Effects ol oxvaen-derived Tree radicals on the molecular
weight and the polvdispersity of hyvaluronan solutions, Carbolivdr Res, 303 (1997)

133-157.



126

ML Banasowa, K. Valachova, 1. Juranek, ¢t al

Rees MD, Hawkins CL, Davies MI. Polysaccharide frapmentation induced by hydroxy]

radicals and hyvpochlorite, In: Hvalvronan: Chensical, Binchenical and Bivlogical

Aspects, Vol. 1., Kennedy JF, Phillips GO, Williams PA, Hascall VU, (Eds. ). Cambridge:
Woadhead Publ., Ltd, (2002) 151-160,

Rees MDD, Hawkins CL.,

Davies MJ, Hypochiorite-mediated fragmentation of hyaluronan,
chondroitin

sultates. and related  Neacetyl glycosamines: evidence for chloramide
intermediates, lree rdical transfer reichions, and site-specific fragmentation, J A Chem
Soe, 125 (2005 [ 371913733

Rees MD, Hawkins CL. Davies M. Hypochlorite and  superoxide radicals can act

synergistically o induce fragmentalion of hvaluronan and chondroitin sulphates, Biochem
J, 381 (2004) 175-184

Rose SE, Chalk 1B, Galloway GI, Doddrell DM, Detection of dimethyl sulfone in the human

brain by f vive proton magnetic resominee spectroscopy,
{2000 954y,

Saari H, Kontinen YT, Friman C, Sorsa 1, Differentiof efferis of reactive oxveen species on
native svnoviad i and parifiod fuomne pnrhilioal covd )
(15993 403-415.

Servaty R, Schiller J, Binder H,

) |
Magn Reson lmaging, |8

walironare, Inflanination, 17

Aol K, Hydration of polymeric components of carilage

an infrared spectroscopic study an hvaluronic acid and chondroitin sulfate, for J Biof
Macromal, 28 (2000 121—=127. '

Stankovska M, Soliés L, Oxidative Degradation ol Hyvaluronan:

[= Melatonin an Antioxidant
er Prooxidant, In: Monomers, Ohigamers,

alviners, Composites, and Manccomposites.
Volume 23, Polvmer Yearbook., Pethrick A, Petkov B, Zlatarov A, Zaikov GE.
Rakovsky SK, (Eds. ), Nova Science Publishiers, New York (2010) 39-67,

Surovéikovi-Machova 17, Valuchovi K. Bafiasovi M, Snire V, Pricsolovi E. Magy: M,
Juranek I, Soliés L, Free-radjcal degradation of high-molar-mass hyaluronan induced b
ascorbate plus cupric jons: Testing ol stobadme and s two deriv
antioxidants, General Physiol Biopins, 31 (2012) 57-64

Soltés L, Lath D, Mendichi R Bystricky I, Rudical dear
hyiluronan:

tives in funclion as

adation of high molecular weight

Inhibition of the reaction by sbuprofen enantiomers. Mer Find Exp Clin
Phormacsd, 23 (20001 65-71,

Soltés L, Stankovska M, Rogan G, Gemeiner P, Ster R, Contribution of oxidative-reductive

reactions to high-molecular-weich Bvaluroman cal

12421245,

Soltés L, Brezovi V, Stankovskd M, kogan G Gemerner P, Deerad

abalism, Chem Biodivers, D {20HR)

atien of high molecular-
weteht hyaluronan by hvdrogen peroside in the prescnce of cupric jons
347 (2006a) 630644

Soltés 1., Stankovski M. Brezovii V., Schiller 1, Arnhold 1, Kagan (3,

. Carbalvdr Res,

Gemgeiner P, Hyaluronan
degradation by copper(Il) chloride and sscorbate: Rotational viscometric, EP'R spin
trapping, and MALDISTOF imass spectrometric mvestigation, Cicholivdr Rev, 34
(2006h) 28262534,

Al
Solues L, Valacho
higl-molar-m
34202007 1
Soltés L, Kogun (
bivpalvmer,
Lisha PR, Naidu |
alucosaming,
Dieer fvesiis
Valachova K, Hrs
of D-penicill:
cupric tons,
Valachowd K, K
Protective el
YValachova K, Ra
mclar-mass
addition, Ol
YValachovd K, K
Prowective ©
Chemisiey
Bova Beienc
YValachova K, Ko
on hyaluron:
Toaxice! 3 (2
Vilachova K, Hi
Ascarbate m
and antioxid
Vilachova Ko, M
desradation
Polvmers, {
FeAl Petkow
Mew Yark |
woalachovi kot
tvaluronan
Chemical o
(i Zaikov €
Vilachowva K, %
Aurathiome
tigh-maolar-
walachova KL
padical deg
LUpric [ms

Hiomiedd A



weed Sy vdroxy |
sy Cumbridpe

ore of” Tvaluroenam,

e lor chloramide
tation, J A Chem

radicals  can ac

swlphates, Biochew

[one in the human

‘ewon fmceing, 1

Ve 'F_Ifi'l’_'i'!.:".'u' A

Cdaflanmmation, 17

nents of cartilage-
sullate, far S Hid

nin an Antioxidan

[ Nanocomposites,
ML Zmbkoy GE

¥/,

lova E, Nagy M,

aroman induced iy

ves o funetion as

malecular weighi
$l Find Exp Clin

pctdative-reductive
ffivers, 22005

of high maolecular
15, Carbolivdr Res

iner P, Hvaluronan
netrie, EPR spin-
fplvedr fey 34|

W Bioloeical

Facirm

WA 4 W

Woe Voera and Stethlsulonyimetinme Ses Thctary Supplensen s I

Lolics L. Walachovd K, Mendichi R. Kogan G, Arnhold 1, Gemeiner I', Solution properies of
high-molar-mass hvaluronans: the biopotymer degradation by ascorbate. Curhodivedr Kos,
342 2007) 10711077,

Soltés 1, Kogan G, tmpact of transition metals in the free-radical degradation of hyvaluranan
hiopalymer, Pafrar Res J, 2 (2008) 269285

Vel PR Nandu MUR, Bandomised, double-blind, paraliel; placebo-controfied study of oral
slucosamine, methylsulfonylmethane and their combination osteoarthritis, Chinreal
Preng Investigation. 24 (2004} 333-363,

Valachova K. Hrabdarova F, Gemeiner P, Soltés L. Study of pro- and anti-oxidative propertics
of 1-penicillaming in a system comprising high-molar-mass hyaluronan, ascorbate, and
cupric ians, Newraendocrine! Leir, 29 (2008a) 697-701.

walachova K. Kogan G, Gemeiner I, Soltes L, Hyaluronman depradation by ascorbate:
Protective effects of manganese(ll) chloride, Polvnr Res J, 2 {2008b) 217-230.

Vilachova K, Rapta P, Kogan G, Hrabarova B Gememer P, Soltes L. Degradation of high-
molar-mass hyaluronan by ascorbate plus cupric ons: Bfleets of D-penicillamine
addition. Chem Bindivers, 6 (2009a) 389305,

Valuchovi B, Kogan (G, Gemeiner P Saleés 1. Hyvaluronan degradation by ascarbate:
Protective effects of manganese(11) chloride. Ine Kinetics & Thermodvnamies o
Chemisiey and Riochemisnns Volume 2, Pearce EM. Zaikov GEL Kirshenbawm G, (Eds.).
Nova Science Publishers, New York (200895h) 201-215.

Valuchovi K. Kogan G, Gemeiner P, Soltés 1., Protective effects of manganese(I) chlonde
on hvaluronan degradation by oxidative system ascorbate plus cuprie chloride, foverdise
Toxieod, 3 (20100) 26-34,

Valachova K. Hrabdrovd E, Drifi T, Jurdnek [, Bauerovil K, Priesolovi F, Nagy M, Soliés L,
Aceorhate and Cuilly induced oxidative degradation of high-molir-nass hyaluronan. Pro-
and antinidative effects of same thiols, Nenraendocring! Legs. 31 (20106) 101—104,

Vilachova K. Mendichi R, Soltés 1., Effect of L-glutathione on high-molar-mass hyaluronan
degradation by oxidative system Cufll) plus ascorbate. Int Monowters, (Migamers,
Polvmers, Compasites, and Nonacomposites Fedumie 23, Podvarer Yearbook, Tethnck
RA. Petkov P. Flatarov A, Zaikov GE. Rakovsky SK, (Eds.). Nova Science Publishers,
Mew York (2000c) [01-111.

valachovi K. Solés L, Effects of biogenic transition metal ions il and Mn(1l) on
hyaluronan degradation by action of ascorbate plus Cuill) fons. In: New Sreps i
Chemical and Riochemical Phosics. Pure and Applied Seience, Pearce EM, Kirshenbaum
(i, Zaikov GE, (Eds.). Nova Science Publishers, New York (2010d) 153160

Valachovd K, Vargova A, Rapta P, Hrabarovd E. Dirafi F, Bauerova K, Juranek 1, Saltés L,
Aurothiomalate as preventive and chain-breaking antioxidant i radical degradation of
high-molar-mass hyaluronan, Chenr Biodivers, § (201 1a) 12741243,

vialachovid K. Hrabarova E, Priesolova E; Nagy M, Banasovd M, Juranek |, Soltés 1., Free-
radical degradation of high-molecular-weight hyaluronan induced by ascorbate plus
cupric ions. Testing of bucillamine and its SA981-metabolite us antioxidants, J Pharm
Bicmed Asald, 56 (201 1h) n64=5670,




h—

28 M. Banasovii, K, Valachowva, | Juranek, etal, k| e I'harmace
i ) Folitors; 18, O

Valachova K, Rapta P, Slovikeva M, Priesolova B, MNagy M, Mislovicova [, Deall B
Haucrova K, Soltés L. Radical degradation of high-maolar-mass hyaluronan induced by
ascorbate plus cupric jons. Testing ol arbutin in the function of antioxidant. In: Kineries
Cetalvsis and Mechanism of Chentical Reactions: From Pure to Applicd Scieace, Volduaye
2 - Tomoerow gnd Perspectives, Lslomova BM, Kolesow 8V, Zatkov GE, (Eds. ). Mawva -
Seience Publishers, Mew York ISR 9782 1-61470-777-6, (201 20y | 1-25, 1

Yang 5, Guo Z, Miao F, Xue Q. Qin 5, The hydroxy] radical scavenging activity of chitosan,
hvaluronan, starch and their C-carbosvmethylaled derivatives, Carbodined Polvm, 52
(2000} 10431045

Yonpohayudha 5, Rungpitarangs: Y. HBunyapraphatsara N, Chokechaijaroenporn O
Antidiabetic activity of Aloe vera juice. D Clinneal trial in new cases of diabetes mellitae,
Phvromedicine, 3 (19%6) 24 1-245,

Wone SF, Halliwell B, Richmond B, Skowroneck WHL The role of superoxide and hydrosd

o
m
g
0

radicals in the depradation of hyvaluromc acid induced by metal wons and by ascorbic acul
Jinorg Biochem 1 (1981 12734 |

[
1i

FR T
i s, sl
E annd Lie

- v bib o
W | Har
i |'|'|!H'l|'
Shomle-t
||..|'|_\=-.'|_‘L
einee
s

[T [ e |

IO

Fovvvnpls:

anifen



