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Adjuvant arthritis (AA) is a model of chronic inflammation induced by Mycobacterium butyricum and character-
ized by similar pathophysiological and pathobiochemical changes as rheumatoid arthritis (RA) in humans. In this
study the antirheumatic activity of coenzyme Q, supplementation was tested not only as to its capability to suppress
the inflammation edema of the hind paw and to improve the body weight of the arthritic animals, but also to improve
so important biochemical parameters as markers of inflammation and oxidative stress, and of mitochondrial bioen-
ergetics. Despite the unfavorable effects on the rheumatic processes observed by monitoring biometric parameters
(hind paw volume, relative body weight, relative weight of spleen), a significant protective effect was observed on the
level of mitochondrial energetic and antioxidant disbalance. This finding speaks in favor of CoQ,; supplementation in
rheumatic patients, presumably as combinatory therapy with classical antirheumatics, e.g. NSAIDs.

INTRODUCTION

Adjuvant arthritis (AA) is a model of chronic in-
flammation induced by Mycobacterium butyricum and
characterized by similar pathophysiological and patho-
biochemical changes as rheumatoid arthritis (RA) in hu-
mans. Oxidative stress, involved in the etiopathogenesis
of RA, may participate in disturbances of mitochondrial
ultrastructure and function, leading to decreased effi-
ciency and atrophy of the skeletal muscle. Previously'
we found stimulation of skeletal muscle mitochondrial
function and coenzyme Q, (CoQ,) concentration in AA
rats. Compounds with antirheumatic properties reversed
these changes. Based on known antioxidant and bioener-
getic properties, a beneficial effect of coenzyme Q was
proposed in the pathogenesis of arthritis. In this study,
the antirheumatic activity of coenzyme Q, supplementa-
tion was tested not only as to its capability to suppress
the inflammation edema of the hind paw and to improve
the body weight of the arthritic animals, but also to im-
prove so important biochemical parameters as markers of
inflammation and oxidative stress, and of mitochondrial
bioenergetics.

MATERIAL AND METHODS

Male Lewis rats were divided into four groups, each
of 7-9 animals: C - controls, Q - control rats supple-
mented with CoQ, during 28 days in daily dose 20 mg/kg
body weight by intragastric tube, AA - adjuvant arthritis

induced intradermally by Mycobacterium butyricum in
incomplete Freund’s adjuvant, AA + Q - AA rats sup-
plemented with CoQ, . All biometric and biochemical
parameters monitored were measured on the 28" experi-
mental day when the animals were sacrificed. For lipid
peroxidation assessment, the plasmatic levels of thiobarbi-
turic acid reactive substances (TBARS) were determined
spectrophotometrically’. The plasmatic levels of carbonyls
(CBN)*#, the plasmatic activity of N-acetyl-B-D-glucosami-
nidase (NAGA) (ref ®) and gamma-glutamyl transpeptidase
(GGTP) (ref.?) were also assessed spectrophotometrically.
Mitochondria of the skeletal muscle were isolated by dif-
ferential centrifugation, respiratory chain function was
measured using Clark oxygen electrode’. Concentrations
of CoQ,, CoQ,, and a-tocopherol (a-toc) in plasma and
skeletal muscle mitochondria were determined by HPLC
method®®. Further the increase of the hind paw volume,
decrease of the relative body weight and changes in the
relative weight of the spleen were monitored.

The data were expressed as mean + standard error of
mean (SEM). Statistical evaluation was performed using
unpaired Student’s t-test. For declaration of significance
the two-tailed P value was taken into consideration.

RESULTS AND DISCUSSION

Adjuvant arthritis significantly induced lipoperoxida-
tion in plasma (Table 1), significantly stimulated CoQ,
and a-tocopherol concentration in skeletal muscle mito-
chondria and slightly stimulated mitochondrial function
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in Complex I (Table 2). Supplementation with CoQ, in
AA rats restored a-tocopherol concentration in plasma
but did not suppress lipoperoxidation (Table 1). Increased
concentration of CoQ, in skeletal muscle mitochondria in
AA rats was significantly reduced by CoQ , supplementa-
tion. Activity of Complex I of the respiratory chain was

Table 1. Parameters monitored in plasma: concentrations
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decreased, function of Complex II was slightly stimulated
(Table 2).

Due to the rheumatic processes, the plasmatic activ-
ity of NAGA and the level of plasmatic carbonyls were
slightly increased. From the therapeutic aspect, the effect
of supplementation with CoQ was positive in the case

of antioxidants, thiobarbituric acid reactive substances

(TBARS) and protein carbonyls (CBN), activity of NAGA

C Q, AA AA+Q,,
CoQ,, (umol/) n.d. 0.270  0.032 n.d. 0.306 + 0.045
CoQ, (umol/1) 0.199 + 0.033 0.191 + 0.021 0.173 + 0.087 0.230 + 0.026
a-toc (umol/1) 11.7+1.2 17.2 + 1.6* 131+ 1.4 17.0 £ 0.9%*
TBARS (umol/1) 10.9%0.6 112402 14.6 + 0.5%* 15.0 + 0.3%*
CBN (nmol/l) 0.635 +0.033 0.544 + 0.057 0.665 + 0.069 0.627 +0.053
NAGA activity 0.0656 + 0.0065 0.0793 + 0.0590 0.0758 + 0.0067 0.0939 £ 0.0060*

Values are mean + SEM; significance compared to control
(ug 4-nitrophenol/min)/mg of proteins.

: **p<0.01, *p<0.05. NAGA activity was expressed as

Table 2. Parameters monitored in skeletal muscle: mitochondrial function and antioxidants concentrations,

activity of GGTP

C AA AA+Q,
S, - glutamate 46.6 £9.5 729 £ 11.3 29.3+£5.3
OPR- glutamate 130.0 £ 20.7 152.0 £ 26.8 57.6 + 13.3*
S, - succinate 134.5 £22.7 127.4 £ 17.6 1525+ 14.4
OPR - succinate 173.6 £25.4 191.2 £ 274 204.1 £ 15.6
CoQ,, (umol/1) n.d. 0.108 +0.022 0.061 £ 0.023
CoQ, (umol/1) 0.915+0.128 2.400 + 0.308** 1.440 £ 0.152*
o-toc (umol/1) 0.165 £0.014 0.441 £ 0.113* 0.309 £ 0.045
GGTP activity 6.47 = 1.09 5.41 £ 1.26 5.45+1.33

S -stimulated mitochondrial respiration (nAtO/mg prot/min)
prot)/min], CoQ, o-toc (nmol/mg prot).

, OPR-oxidative phosphorylation rapidity [(nmol ATP/mg

Values are mean + SEM; significance compared to control **p<0.01, *p<0.05. GGTP activity was expressed as (nmol

p-nitroaniline/min)/gww.

n.d. - under the detection limit, nAtO - nmol of atomic oxygen.

Table 3. Biometric parameters monitored: increase of hind paw volume (HPV), decrease of relative body weight (RBW),
changes in relative weight of the spleen (RWS)

C Q, AA AA+Q,
HPV (%) 14.13 £ 2.11 18.58 £ 1.48 56.79 £ 12.92** 73.37 £ 7.21%**
RBW (g) 91.43 £4.35 105.43 £2.52* 31.00 + 13.93** 30.43 £ 4.50%*
RWS (mg) 1.653 £ 0.054 1.643 £0.021 2.844 £0.288** 3.429 £ 0.368***

Values are mean + SEM; significance compared to control *** p<0.001, ** p<0.01, * p<0.05.

lated in relation to the first experimental day.

HPV and RBW were calcu-
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of plasma carbonyls and disputable for the activity of
NAGA (Table 1). The effect of CoQ  supplementation
on GGTP activity in skeletal muscle was without signifi-
cance (Table 2).

As seen from the Table 3, all biometric parameters
were unfavorably affected due to the arthritic processes.
The relative body weight was unaffected by the compound
tested. The other parameters were higher, which could
reflect indirectly a stimulation of inflammation processes.
In conclusion, despite these unfavorable effects on the
rheumatic processes, a significant protective effect was
observed on the level of mitochondrial antioxidant dis-
balance. This finding may favor CoQ  supplementation in
rheumatic patients, presumably as a combinatory therapy
with classical antirheumatics, e.g. NSAIDs.

ACKNOWLEDGEMENT

Supported by Slovak Grant Agency for Science VEGA
No. 1/0546/03 and 2/2051/25 and grant APVT-51-
020802. Coenzyme Q10 was kindly provided by Kaneka
Corporation (Japan), co-operation with Mr. T. Hidaka is
gratefully appreciated. For technical assistance we thank D.
Komendova, V. Dytrichova, A. Stetkova, P. Zauskova and
E. Benko.

503

REFERENCES

1. Kucharska J, Bauerova K, Sumbalova Z, Neradova B, Gvozdjakova
A.: New methodology in efficiency testing of antirheumatics based
on determination of mitochondrial function and coenzyme Q,
level in skeletal muscle of arthritic rats. Third Conference of the
International Coenzyme Q, Association, London, 2002. p. 136-
7.

2. Brown RK, Kelly FJ. Peroxides and other products. In : Punchard
NA, Kelly FJ, editors. Free radicals, A practical approach. Oxford-
New York-Tokyo: Oxford University Press, 1996. p. 119-31.

3. Stefek M, Trnkova Z, Krizanova L. (1999) 2,4-Dinitrophenyl-
hydrazine carbonyl assay in metal-catalysed protein glycoxidation.
Redox Report 4, 43-8.

4. Levine RL, Garland D, Oliver CN et al. (1990) Determination
of carbonyl content in oxidatively modified proteins. Methods
Enzymol 186, 572-80.

5. Barret AJ, Heath MF Lysosomal enzymes. In: Dingle JT, editor.
Lysosomes, a laboratory handbook. Amsterdam: Elsevier, 1977.
p. 19-147.

6. Singh J, Chander J, Singh S, Singh G, Atal ChK. (1986) Gamma-
glutamyl transpetidase: A novel biochemical marker in inflamma-
tion. Pharmacology 35, 3753-60.

7. Rouslin W, Millard RW. (1980) Canine myocardial ischemia.
Defect in mitochondrial electron transfer complex 1. J Mol Cell
Cardiol 12, 639-45.

8. Lang JK, Gohil K. Packer L. (1986) Simultanoeus determination
of tocopherols, ubiquinols, and ubiquinones in blood, plasma, tis-
sue homogenates, and subcellular fractions. Anal Biochem 757,
106-16.

9. Kucharska J, Gvozdjakova A, Mizera S, Braunova Z, Schreinerova
Z, Schramekova E, Pechan I, Fabian J. (1998) Participation of
coenzyme Q, in the rejection development of the transplanted
heart: a clinical study. Physiol Res 47, 399-404.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


