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Human serum albumin (HSA) is known to be a mixture of mercaptalbumin (HMA, reduced form) and nonmercaptalbu- 

min (HNA, oxidized form), i. e. a protein redox couple in serum, and it might have antioxidant properties against reactive oxygen 

species (ROS) . We have developed a convenient high-performance liquid chromatographic (HPLC) system for the clear sepa- 

ration from HSA to HMA and HNA. To examine the redox state of human albumin in synovial fluid (SF) of the temporomandi- 

bular joint (TMJ) together with serum, and the relation between oxidative stress and the pathogenesis of degenerative temporo- 

mandibular joint disorder (TMD) , we studied 14 female patients with TMD (age, 23.2 k 4 . 8  years old). We used HPLC com- 

bined with fluorescence detection to analyze the redox state of albumin in SF together with serum, as well as electron spin reso- 

nance (ESR) spectroscopy to detect ROS, especially the superoxide anion (0;). It is interesting to note that SF from patients 

with TMD was found to contain significantly higher levels of HNA, which is an oxidation product higher than mixed disulfide, 

such as sulfenic, sulfinic or sulfonic state, i. e. irreversible thiol oxidation state (HNA(ox~)) ,  when compared with 8 age- 

matched healthy female subjects as controls ( P  < 0.001). Moreover, the ESR signals of 0; derived from Hz02 could be observed 

in SF from TMD patients. The results obtained from both HPLC and ESR methods suggested that the redox state of SF from 

TMD patients might be correlated with an accumulation of oxidized protein such as HNA(0xi) in SF, as a result of oxidative 

damage to the TMJ. To our knowledge, this is the first study observing the change in redox state of human albumin in SF by 

HPLC and the evidence of oxidative stress to human TMJ by ESR. 

Acta Sch Med Univ Gifu 51 : 2 1 - 28 (2003) 
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INTRODUCTION 

Serum albumin is synthesized in the liver and is exported 

as a simple, non-glycosylated protein containing about 580 

amino acids. This protein is the most abundant protein in the 

circulatory system and is also distributed to the interstitial flu- 

ids of the body tissues1'. One of the most important features 

of its molecular structure is the presence of a highly reactive 

sulfhydryl group in position 34 (cys-34), called mercaptalbu- 

min (reduced form; in humans, human mercaptalbumin, 

HMA) when the sulfhydryl group is a free state2'. In contrast, 

albumin in which the sulfhydryl group is bound with thiol- 

containing compounds is called nonmercaptalbumin (oxidized 

form; in humans, human nonmercaptalbumin, HNA)". The 

major HNA compound is mixed disulfide with cystine or oxi- 

dized glutathione (HNA (cys)  or HNA ( ~ l u t )  ) , while others 



are oxidation products higher than mixed disulfide such as 

sulfenic (-SOH), sulfinic (-SO~H) and sulfonic (-SO~H) states 

(HNA (0xi) ) 3'-". In living systems, serum albumin is known 

to be a mixture of mercaptalbumin and nonmercaptalbumin, i .  

e. a protein redox couple in extracellular fluids, and it might 

have antioxidant properties against reactive oxygen species 

(ROS) because of relatively high concentrations of protein 

sulfhydryls in the body tissues7'. 

The possible roles of ROS, such as superoxide anion 

radical (0;) , hydrogen peroxide (H202), hydroxyl radical 

('OH) and lipid peroxide (LOOH) in human diseases, have 

attracted a great deal of attentionh'. Among these diseases, es- 

pecially temporomandibular joint (TMJ) disorders (TMDS) , 

their relations to oxidative stress and the molecular basis for 

the pathogenesis of TMD has been discussed. This included 

direct injury, hypoxialreperfusion injury and neurogenic in- 

flammation in the TMJ, leading to the generation of ROS 

within the joint ~ a v i t ~ ~ ' ' ~ ' .  Therefore, direct observation of the 

redox state of synovial fluid (SF), modified extracellular fluid 

in the synovial space, might provide information on free 

radical-mediated reactions by oxidative stress occurring in the 

TMJ. 

We have developed a convenient high-performance liq- 

uid chromatographic (HPLC) system for the clear separation 

from human serum albumin (HSA) to HMA and HNA, using 

a Shodex-Asahipak ~ ~ - 5 0 2 ~ : " - " 0 r  a ~ ~ - 5 2 0 H ~ ' ~ ~ ~ ~ ' c o l u m n ,  

and we have extensively studied the mercapt nonmercapt 

conversion (i. e. dynamic change in redox state) of HSA in 

various physiological and pathophysiological states3) "b)ll'- "). 

The purpose of the present study is to investigate the dy- 

namic change in redox state of human synovial fluid albumin 

together with HSA from patients with TMD by our HPLC sys- 

tem, because a large portion of the sulfhydryl groups in hu- 

man extracellular fluids is primarily derived from the sulfhy- 

dry1 group (cys-34) in the albumin molecule. Furthermore, 

we tried to find evidence of oxidative stress such as detection 

of ROS in SF from patients with TMD by electron spin reso- 

nance (ESR) spectroscopy. 

MATERIALS AND METHODS 

Fourteen young female patients with TMD (mean* S. D., 

23 .2k4 .8  years old) who presented to the Department of 

Oral and Maxillofacial Surgery (DOMFS), Gifu Prefectural 

Gifu Hospital, and 8 age-matched healthy young female vol- 

unteers with no symptoms of TMJ dysfunction (19 .8k0 .5  

years old) were recruited according to the protocol # 0103- 

001, which was approved by the ethics committee of the 

DOMFS Board in Gifu Prefectural Gifu Hospital. Informed 

consent was obtained from all subjects, and all procedures 

were performed in accordance with the Helsinki Declaration. 

Prior to arthrogram, the preauricular region was prepared 

with an antiseptic solution and subsequently covered with a 

sterilized sheet. Local anesthetic, 0 .5  ml of 2 % xylocaine@, 

was injected subcutaneously over the capsule of the diseased 

TMJ. The joint space was cannulated, 2 ml of normal saline 

solution was injected and aspirated five times without pump- 

ing, and then diluted SF was collected. Care was taken to a- 

void blood contamination (contamination with serum might 

appreciably change the results even at a microscopic level, 

due to increased protein concentration. Therefore, such sam- 

ples were completely excluded from this study by observing 

the change in intensity of albumin fractions of SF in the HPLC 

~rofile) . The fluid was immediately centrifuged at 1,600 x g 

for 5 min to remove cell debris. The supernatant was col- 

lected and stored at -80°C until HPLC analysis1". Blood 

samples were withdrawn by syringe from an antecubital vein 

of each subject and immediately transferred to heparinized 

glass tubes. These samples were centrifuged and stored as de- 

scribed above. 

For ESR measurements using the pH-jump method1", 

0 .3  ml of 5.0 M NaOH was added to 1 .2  ml of diluted SF as 

rapidly as possible (prior to use, 5.0 M NaOH solution was 

bubbled with argon gas for 30 min to remove oxygen com- 

pletely). The reaction mixture was then divided into two or 

three portions and each solution was frozen by liquid nitrogen 

(- - 196°C) at 1,15 (or 20) or 30 min just after mixing 

with alkaline solution. These frozen samples were immedi- 

ately stored in dried ice and carefully transferred from the op- 

eration room at Gifu Prefectural Gifu Hospital to the ESR 

laboratory room at Gifu University School of Medicine (about 

30 min) , and ESR spectra of frozen SF from patients were im- 

mediately obtained at- 196°C. For comparison, ESR spectra 

of the reference solution such as [5.0 mM Hz02 - 1.0  M 

N ~ O H ]  were also obtained as described above. 

The HPLC system consisted of a Model AS-8010 auto- 

sampler, a Model CCPM double-plunger pump and a Model 

FS-8000 fluorescence detector (excitation wavelength, 280 

nm; emission wavelength, 340 nm) in conjunction with a 

Model SC-8020 system supercontroller, all from Tosoh Co., 

Japan. A Shodex-Asahipak ES-502N column ( l o  x 0.76 cm 

I.D., DEAE-form for ion-exchange HPLC, Showa Denko, 

Co., Japan; column temperature, 35.0 + 0.5"c) was used. 

Elution was carried out with a linear gradient of increasing 

ethanol concentration from 0 to lo%, in 0.05 M sodium ace- 

tate - 0.40 M sodium sulfate ( p ~  4.85) (acetate-sulfate 

buffer) at a flow rate of 1 .0  mllmin. The following ethanol 

concentration gradient was applied: 0 - 1 min, 0 %; 1 - 50 

min, linear increase from 0 to 10%; 50- 55 min, linear de- 

crease from 10 to 0 % ; and 55 - 60 min, 0 % . Deaeration of 

buffer solution was carried out by bubbling with helium. 

Samples were injected by means of an autosampler with fixed 

volume of 2 p1 for serum and 50 p1 for SF. All chemicals and 
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reagents were of analytical grade. All solvents and solutions 

were filtered through a Steritop-GP express filter unit (0.22 

pm, Millipore Co., USA) before use. 

To determine the value for each fraction of albumin, i. e. 

f (HMA) = [HMAI (HMA + HNA) ] and f (HNA) = [HNA 

/ (HMA + HNA) 1, the obtained HPLC profiles were subjected 

to numerical curve fitting; each peak shape was approximated 

by a Gaussian function (a Peakfit software, SPSS, USA). 

The ESR measurements were performed at - 196°C on 

an X-band ESR spectrometer (JES-FE~X; JEOL Co., ~apan)  

equipped with a lock-in amplifier (5610; NF Electronic Instr., 

Japan) in conjunction with an AD converter (ADM 5698; Mi- 

croscience Co., Japan) and a personal computer (PC-9801 DA; 

NEC Co., ~apan ) .  The experimental conditions were as fol- 

lows: microwave field strength, 16 mW; magnetic field modu- 

lation, 0.63 mT at 100 kHz; sensitivity, 10 mV; time constant, 

300 msec; sweep time, 4 min and phase, 0 degree. 

Comparisons were made between the control and the 

TMD patients groups using the Mann-Whitney's U-test. Val- 

ues were expressed as means + standard error of the mean 

(SEM) . P values less than 0.05 were considered to be sig- 

nificant. 

RESULTS 

HSA is known to be a mixture of HMA and HNA. Fur- 

thermore, there are several kinds of HNA, i. e. HNA(cys), 

HNA (Glut) and HNA (0xi) "-" . We have previously re- 

ported an HPLC system with fluorescence detection for the 

clear separation of two l n d s  of HNA, i.e. [HNA(cys) and 

HNA (Glut) ] (tentatively called HNA- 1) and HNA (0xi) 

(called HNA-2), resulting in the quantitative analysis of 

HNA, especially HNA-2 which is in extremely smaller pro- 

portions even in normal ~ e r u m ~ ' - ~ ' .  

Typical HPLC profiles of serum and SF from patients 

A HMA 

fraction (%) 

HMA : 77.3 
HNA-I : 20.9 
HNA-2 : 1.8 

0 10 20 30 40 
Time ( min ) 

with TMD are shown in Fig. 1A and B, respectively. Each 

fraction was assumed as a Gaussian curve, and values for 

HMA, HNA-1 and HNA-2 fractions were 77.3, 20.9 and 

1.8 % for serum and 63.6, 33.6 and 2.8 % for SF, respec- 

tively. For each value of 14 patients and 8 controls, the HPLC 

results are summarized in Fig. 2 (A for HMA, B for HNA) . 

In serum, there was no significant difference between mean 

values ( + SEM) for HMA, HNA-1 and HNA-2 of TMD pa- 

tients (79. If  l. 5,18.9f 1 .4  and 2. Of  0 .2%, respectively) 

and those of the controls (81.2k1.0,  16 .7k0 .9  and 2 . 2 k  

0.2%, respectively), indicating that TMD is not a systemic 

but a local disease, as is commonly known. In SF, however, 

the mean value for only HNA-2 was found to be significantly 

higher in TMD patients (3. O* 0.3%) than that of the controls 

(1.7*0.1%) (P < 0.001). A significantly high F(HNA- 

2) value in SF from patients might be correlated with the de- 

gree of greater oxidative damage in the TMJ. In patients with 

TMD (n= 14, closed columns), the mean value for the HMA 

fraction (~ (HMA)  ) in SF (66.1 f 2.6 % ) was significantly 

lower than that in serum (79.1 +1.5%) (P <O.  001) (Fig. 

2A) , whereas both '(HNA-1) and f (HNA-2) in SF (30.9 

* 2.4 and 3 .0  f 0.3  % , respectively) were significantly 

higher than those in serum (18.9+1.4% and 2.0+0.2%, 

P < 0.001 and P < 0.01, respectively) ( ~ i ~ .  2 ~ )  . In the con- 

trol group (n = 8 , open columns), f (HMA) in SF (70.4 + 
1.6  %) was also significantly lower than that in serum (81.2 

f 1.0%) ( ~ < 0 . 0 1 )  (Fig.2A), whereas?(~NA-1) in SF 

(28 .0k  1 .6%) was significantly higher than that in serum 

(16.7 i 0.9  % ) (P < 0.01) ( ~ i ~ .  2 ~ )  . Therefore, signifi- 

cant decrease in '(HMA) as well as increase in f (HNA) of SF 

of both groups might result from greater oxidative stress to the 

TMJ, especially that for TMD patients. 

In the attempt to observe evidence of oxidative stress in 

SF from TMD patients, we tried to investigate 0; signals in 

HMA 
fraction (%) 

1 HMA : 63.6 

HNA-1 : 33.6 
HNA-2 : 2.8 

HNA-1 

2 0 

L I 

0 10 20 3 0 40 
Time ( min ) 

Fig. 1 Typical HPLC profiles of (A) serum and (B) SF from patients with TMD obtained by the HPLC system with fluores- 
cence detection (excitation wavelength, 280 nm; emission wavelength, 340 nm) . See the text for detailed elution conditions. The 
profiles are subjected to numerical curve fitting (dashed line) and the obtained values for each fraction are indicated in the upper 
right part of the figures. 
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Fig. 2 Values ( % ) for (A) ~ ( H M A )  and (B) f (HNA) ( (~(HNA-1 ) and ~ (HNA-2)  ) of human albumin in serum and 
SF from the control group (n= 8 , open columns) and TMD patient group (n= 14, closed columns). Each column represents the 
mean value and each bar indicates SEM. * * *, P < 0.001; * *, P < 0.01; *, P < 0.05; NS, not significant (the Mann-Whitney's 
U-test) . 

SF by ESR spectroscopy. In living systems, dismutation of 

0 2  may rapidly produce Hz02 at physiological pH, as forward 

reaction of the following equationz":"". 

However, at very high pH region, the forward reaction of 

equation (1) is suppressed, indicating direct measurement of 

the ESR signals of 0 2  produced in biological samples can be 

performed in the alkaline solution (a pH-jump methodlg') . 
Moreover, in the same pH region, the reverse reaction of 

equation (1) is inversely accelerated and this reaction can be 

stopped at very low temperatures1g', indicating that the ESR 

signals of 0 2  derived from Hz02 might be able to be observed. 

Therefore, we applied the reverse reaction of equation (1) to 

observe the formation of 0 2  from Hz02 in our SF samples, as 

discussed later in details. 

For comparison, ESR spectra of the reference solution 

such as [5 mM Hz02 - 1 . 0  M N ~ O H ]  were obtained under the 

same experimental procedure and conditions. Fig. 3A shows 

ESR spectrum of 0 2  derived from H~02 in the alkaline solu- 

tion, measured at - 196°C. In [5 mM Hz02 - 1.0  M N ~ O H ]  

solution, the reverse reaction of equation ( 1 )  might occur in al- 

kaline media and this reaction can be stopped at very low tem- 

peratures, resulting in stabilized 0; observation by ESR spec- 

troscopy'". The obtained g -value of 2.005 and the shape of 

the spectrum in Fig. 3A were very similar to those reported by 

Fujii and ~akinumal". Fig. 3B shows integrated values of 

ESR spectra of 0 2  derived from Hz02 as a function of time as 

the mixed solution was frozen by liquid nitrogen. As indi- 

cated in Fig. 3B, the relative amount of generated 0; from 

I . .  . . .  . . . . . . I  
300 310 320 330 340 

Magnetic field (mT) 

B [x lo51 
2 

A 

0 10 20 30 
Time (min) 

7 
E - 
C .- 
F 0  
C 

.- 
(I) 
- 
0 .- 
cn 

-1.0 

Fig. 3 (A) ESR spectrum of 0: derived from Hz02 in [5 mM Hz02 - 1.0 M N ~ O H ]  solution for reference. Spectrum was ob- 
tained at - 196°C. See the text for detailed experimental conditions. (B) Integrated values (arbitrary unit) of ESR spectra of 

O:! in same mixed solution, as a function of time (min) as the mixed solution was frozen by liquid nitrogen. 

l . O p . l .  ~ . - ' ' ' ' ~ ' ' " '  

- 
' 
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Magnetic field (mT) Time (min) 

Fig. 4 (A) Typical ESR spectrum of 0; in SF from a patient with TMD, captured by the pH-jump method1''. Spectrum was ob- 
tained at - 196OC. See the text for detailed experimental conditions. (B) Integrated values (arbitray unit) of ESR spectra of 
0 2  in SF from 3 patients with TMD (a, , 0) .  as a function of time (min) as the SF in alkaline solution was frozen by liq- 
uid nitrogen. 

Hz02 in such a system gradually increased with time. Fig. 4A young males. Therefore, it might be possible that these values 

represents a typical ESR spectrum of 0 2  signal in SF from a for HSA fractions can be utilized as controls for healthy 

TMD patient, measured at - 196°C. Although relative inten- young female subjects in further studies. 

sity for the signal was small compared with that in the refer- SF is a modified extracellular fluid in the intraarticular 

ence solution, the obtained g-value of 2.005 and the shape of space, which is basically derived from serum. As volume of 

the spectrum in Fig. 4A were essentially identical to those ob- SF is extremely small and the albumin concentration is also 

served in Fig. 3A and also those reported by Fujii and Kak- extremely low in SF'", there have been no studies on the func- 

inumalg'. Time course of change in integrated values for ESR tional role and analysis of the redox state of human albumin in 

spectra of OF of SF from 3 patients with TMD (a, a ,  9) SF, even that from a larger volume cavity such as a knee joint. 

is shown in Fig. 4B. As can be seen from the figure, the As can be seen in Fig. 2 , it is interesting to note that values 

change in integrated values of OF showed the same trend as for ~ ( H M A ) ,  ~ (HNA-1)  and ~ (HNA-2)  of albumin in SF 

that observed in the reference solution (Fig. 3 ~ ) .  These ESR from TMD patients are significantly different from the corre- 

observations suggested that generation of OF indeed occurred 

in SF from patients with TMD. 

DHSCUSSION 

Firstly we have demonstrated a gender-related difference 

in redox state of extracellular fluids, especially that of serum. 

In the present work, we examined samples obtained only from 

young females as controls because TMD is known to occur 

with preponderance to femalesz2'. As shown in Fig. 2 , values 

~ ~ F ( H M A ) ,  ( H N A - 1 )  and? (HNA-2) for young females as 

a control group (n= 8 , open columns) were 81.2 + 1.0, 16.7 

f 0.9  and 2.2 f 0.2 % , respectively. Accordingly, the f 
(HMA) value in young females was significantly higher than 

that for young males as previously reported (73.2 + 2.3  % , n 

=20)" ( P  < 0.001), suggesting that the redox capacity of ex- 

tracellular milieu might be higher in young females than in 

young males. This gender-related difference in redox capac- 

ity, especially in young adults, would not be in contrast with a 

recent report of Volpi et alZ3' indicating that the protein oxida- 

tion rate is significantly lower in young females compared to 

sponding serum values. A significantly low f (HMA) value in 

SF might correlate with the considerably high values for both 
- 

f (HNA-1) and ~ (HNA-2)  . In recent papers on degenerative 

TMJ diseases, Milam et al" have reviewed evidence that free 

radicals might accumulate in articular tissues of the TMJ as a 

result of mechanical stresses generated during functional 

movements of the jaw. Moreover, Zardeneta et all0' demon- 

strated that the presence of oxidized modification in proteins, 

such as fibronectin and type I collagen in SF from sympto- 

matic TMJ, might be subjected to oxidative stresses using col- 

orimetric and fluorimetric analyses. 

It is established that certain amino acid residues of pro- 

teins are particularly susceptible to free radical a t t a ~ k ~ ~ ' ' ~ ' ,  and 

several studies have confirmed that Cys-34 of serum albumin 

is highly accessible to reactive free radicals such as ~ 2 0 2 ' ~ ' ~ ~ ' ,  

peroxyl radicalsz7' and carbon-centered free radicals which can 

be involved in the damage under hypoxic/anoxic  condition^^^'. 
From this evidence, it is possible that serum albumin plays an 

important protective role against ROS in extracellular fluids. 

Moreover, it has been demonstrated that Cys-34 of oxidized 



albumin is further oxidized to sulfenic, sulfinic or sulfonic 

state, i.e. HNA (0xi) (HNA-2 in this study), under stronger 

HzO2-mediated conditions2')'"'. From our HPLC analysis on 

the redox state of albumin for SF, it is particularly noteworthy 

that only the ~ H N A - 2 )  value was found to be significantly 

higher in TMD patients compared to that of the control (P < 
0.001) ( ~ i ~ .  28 ) .  and the result strongly suggests that in 

TMD patients, a relatively high production of ROS might be 

involved in greater oxidative damage to macromolecules in 

the TMJ, resulting in the accumulation of oxidized protein 

such as HNA (0xi)  i.e. biologically irreversible thiol oxidation 

states of albumin. 

While conducting an HPLC analysis on the dynamic 

change in the redox state of human albumin both in SF and se- 

rum, it would also be of interest to investigate oxidative stress 

such as the detection of possibly generated ROS in SF from 

TMD patients. ROS, especially OL, has a short half-life and it 

disappears too quickly from the system. This makes the rou- 

tine assessment of ROS levels in biological samples difficult, 

however, one commonly used method for the evaluation of 

ROS generation in vivo assay is an ESR spectroscopic 

method. More recently, Kawai et alLY' have directly observed 

evidence of ROS in experimentally induced TMJ arthritis in 

rat by the ESR spin trapping method. To examine the detec- 

tion of ROS in our SF samples, the ESR method with a- 
phenyl-N-tert-butylnitrone (PBN) as a spin trap was first at- 

tempted. However, no evidence of ROS in SF was observed 

because there were some limitations in our experimental sys- 

tems: (i) samples were obtained from humans. (ii) SF sam- 

ples were diluted with normal saline solution. (iii) the ESR 

laboratory room was located far from the sample collecting 

room (about 30 min) . To overcome such limitations, the pH- 

jump method1" was then employed. This ESR method, which 

was first introduced by Fujii and ~akinuma'", can directly 

measure ESR signals of OLproduced in complicated biological 

samples; 0 7  generated at a physiological pH is trapped in al- 

kaline media and then its signal can be measured by ESR 

spectroscopy at - 1960Clq'. Employing this method, we were 

able to successfully obtain ESR spectrum of stabilized OLsig- 

nals in SF from TMD patients, as shown in Fig. 4A. More- 

over, an increase in the integrated value of the ESR spectra of 

0; was observed with time as the SF with alkaline solution 

was frozen by liquid nitrogen ( ~ i g .  4B),  indicating the reac- 

tion from Hz02 to OF might occur in the SF samples. As ex- 

pected, these results in SF from TMD patients ( ~ i ~ .  4) were 

in accordance with those obtained from the reference solution 

( ~ i ~ .  3 ) .  From the sets of our ESR results, the presence of 

ROS, those which originally generated Hz02 and OF-derived 

HrOz, could be observed in SF from TMD patients. 

In the light of our findings, in TMD patients, the defense 

mechanism against oxidative stress is greatly reduced, leading 

to degenerative tissue damage and the mercapt nonmer- 

capt conversion of albumin in SF might reflect the redox po- 

tential directly in the intraarticular space. Further studies with 

large numbers of cases are needed to confirm the validity of 

this finding, as well as to determine the clinical significance of 

the evidence reported in this paper. To our knowledge, these 

are the first results with regard to the analysis of oxidized and 

reduced albumin in SF and the observation of oxidative stress 

in human TMJ. Although it has limitations, qualitative and 

quantitative comparison between albumin in SF and serum 

may provide information for further studies in various kinds 

of joint diseases. 
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顎関節症患者滑液の酸化還元状態に関する研究   

顎関節症の発症に，メカニカルストレスや虚血再港流に起因する活性酸素種（ROS）の関与が示唆されている。そ  

こで顎関節滑液中のROSの存在を調べることにより，顎関節症とROSとの関連性を検討した。顎関節症患者女性14  

名と健康成人女性8名の顎関節滑液と血清中に存在するアルブミンの酸化還元状態をHPLCで測定した。また，顎  

関節症患者3名の滑液中のスーパーオキサイド（OJ）の有無をpHJumpESR法で測定した。その際，滑液中のOJの  

不均化反応を止めるために強アルカリ（5．O M NaOH）を入れて3つに分け，それらを1，15，30分経過後に液体窒  

素で凍結させて測定試料とした。顎関節滑液中のアルブミンは血清中のそれに比較して酸化型アルブミンの増加がみ  

られた。さらに，患者滑液中にはROSによって生じたと思われる不可逆的な酸化型アルブミンが増加していた。pH－  

jumpESR法では過酸化水素（H202）から生じるOJのESRシグナルが確認でき，そのシグナル強度はNaOH混合から  

凍結までの時間が長くなるに従って大きくなった。HPLCの結果から，顎関節滑液は血清より酸化状態が強く，患者  

群の関節内はコントロール群よりROS発生が多いことが示唆された。さらにESRの結果から，患者滑液中にはOJ  

が存在することが明らかとなった。これらの結果より，顎関節症の発症に関連してROS産生の密接な関与が強く示  

唆された。   


