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Abstract: 

BACKGROUND: We demonstrate that serum immonuglobulin G (IgG) 
directed against glandular M3 muscarinic acethylcholine receptors (M3 
mAChR) and pilocarpine triggers the increment of superooxidase dismutase 
(SOD) and catalase (CAT) and the production of nitric oxide (NO) and 

prostaglandin E2 (PGE2).  
METHODS:  Enzyme-linked immunoabsorbent assay (ELISA) was 
performed in the presence of the human M3 mAChR synthetic peptide as 
antigen to detect in serum of pSS patients the autoantibodies. Further, 
SOD and CAT specific activity and NO were determined chemically in the 
presence of anti-M3 mAChR IgG and pilocarpine. The level of PGE2 
generation in the presence of autoantibody and pilocarpine was determined 
by ELISA.  
RESULTS: An association between anti-M3 mAChR autoantibodies and 
pilocarpine given the increment of the specific activity of SOD and CAT in 
the serum of pSS patients and in the rat submandibular gland was 
observed.  As a result of this action, M3 synthetic peptide and atropine 

abrogated the stimulatory action. The L-type calcium channel, 
calcium/calmodulin complex and COX-2 inhibitors selectively blocked the 
increment of the specific activity of SOD and CAT in the rat submandibular 
gland. An increased production of NO and PGE2 by the cholinergic 
autoantibody and pilocarpine was also been detected.  
CONCLUSION: On the basis of these results, the increment of the specific 
activity of SOD and CAT in pSS patients as compared to control healthy 
individuals may be seen as a defensive reaction to the increment of the 
amount of ROS in the body, which becoming uncontrollable, leads to 

Journal of Oral Pathology and Medicine - Proof for Peer Review



For Review
 O

nly

irreversible cellular and tissue damage. 
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Abstracts 

 

BACKGROUND: We demonstrate that serum immonuglobulin G (IgG) directed against 

glandular M3 muscarinic acethylcholine receptors (M3 mAChR) and pilocarpine triggers 

the increment of superooxidase dismutase (SOD) and catalase (CAT) and the 

production of nitric oxide (NO) and prostaglandin E2 (PGE2). 

METHODS:  Enzyme-linked immunoabsorbent assay (ELISA) was performed in the 

presence of the human M3 mAChR synthetic peptide as antigen to detect in serum of 

pSS patients the autoantibodies. Further, SOD and CAT specific activity and NO were 

determined chemically in the presence of anti-M3 mAChR IgG and pilocarpine. The 

level of PGE2 generation in the presence of autoantibody and pilocarpine was 

determined by ELISA. 

RESULTS: An association between anti-M3 mAChR autoantibodies and pilocarpine 

given the increment of the specific activity of SOD and CAT in the serum of pSS 

patients and in the rat submandibular gland was observed.  As a result of this action, 

M3 synthetic peptide and atropine abrogated the stimulatory action. The L-type calcium 

channel, calcium/calmodulin complex and COX-2 inhibitors selectively blocked the 

increment of the specific activity of SOD and CAT in the rat submandibular gland. An 

increased production of NO and PGE2 by the cholinergic autoantibody and pilocarpine 

was also been detected. 

CONCLUSION: On the basis of these results, the increment of the specific activity of 

SOD and CAT in pSS patients as compared to control healthy individuals may be seen 

as a defensive reaction to the increment of the amount of ROS in the body, which 

becoming uncontrollable, leads to irreversible cellular and tissue damage. 

 

Keywords: autoantibodies, Sjögren syndrome, anti-M3 peptide IgG, SOD, CAT, PGE2, 

nitrites. 
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Introduction 

Sjögren’s syndrome (SS) is a chronic inflammatory autoimmune disease. It is clinically 

characterized by dry eyes (keratoconjunctivitis sicca) and mouth (xerostomia) and 

histologically characterized by lymphocytic infiltration, the destruction of the salivary 

and lacrimal glands and their respective (1) multi-organ involvement (2). 

The pathogenesis of SS is still unclear but our knowledge regarding the 

involvement of different cells (e.g. B- and T-cells, denditric cells, macrophages) and 

pathways (e.g. B-cell-activating factor (BAFF), interleukin, interferons, prostaglandins) 

is continually expanding (3-6). Many autoantibodies, including rheumatoid factor (RF), 

anti-nuclear antibody (ANA) and antibodies to SSA/Ro or SSB/La, have reportedly 

been detected in the case of both pSS and aSS (7, 8). Recent studies have proved that 

the antibody to M3 subtype muscarinic acetylcholine receptors (M3 mAChR) is a good 

serum marker in pSS (9- 11). 

The exocrinopathology can be encountered alone (primary SS, pSS) or in 

association with other autoimmune disorders. The three most common ones are 

rheumatoid arthritis, systemic lupus erythematosus and systemic sclerosis (associated 

SS, aSS) (7). 

Different histological scores have been employed to describe glandular 

involvement during pSS and aSS. The role of minor salivary glands histology is widely 

accepted and considered the “gold standard” for pSS diagnosis (8-15). 

Under normal conditions, antioxidants are balanced with the formation of 

reactive oxygen species (ROS) in various tissues and fluids. This occurs at a level at 

which these compounds can play their physiological role without any toxic effects (16). 

In the normal ocular glands (17) and in the salivary glands (18) there is also a 

prooxidant/antioxidant balance at the ocular and oral surface. The danger to the eye 

and mouth appears when this balance is disturbed. ROS are produced in salivary 

glands under oxidative stress. The endogenous enzymatic antioxidant system is 

important to protect the organism against high concentration of ROS that has been 

Page 4 of 29Journal of Oral Pathology and Medicine - Proof for Peer Review

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review
 O

nly

 4

detected in other systemic diseases pathogenetically associated with oxidative stress 

(19, 20). This system is mainly composed of the enzymes superoxide dismutase (SOD) 

and catalase (CAT) that cleave ROS.  

One aim of our study is to determine the specific activity of these antioxidant 

enzymes (SOD and CAT) measured in rat submandibular gland in the presence of anti-

M3 muscarinic acethylcholine receptor IgG (anti-M3 mAChR IgG) from serum of pSS 

patients. Another aim of our study is to analyse the mAChR agonist pilocarpine. The 

third aim is to examine whether there is an association between the production of nitric 

oxide (NO) and prostaglandins (PGE2) in this system or not. 
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Material and methods  

Ethical approval of the study protocol 

The study protocol complied with the tenets of the Declaration of Helsinki and 

accomplished with the rules established by the Ethics Committee of the University of 

Buenos Aires (Buenos Aires, Argentina). All subjects provided written informed 

consent. 

Drugs 

A 25-mer peptide (K-R-T-V-P-D-N-Q-C-F-I-Q-F-L-S-N-P-A-V-T-F-G-T-A-I) 

corresponding to the sequence of the second extracellular loop of the human M3 

mAChR was synthesized by Peptido Genetic Research Company (Livermore, CA, 

USA) as previously described (10). Pilocarpine, atropine, verapamil and 

trifluoroperazine (TFP) were obtained from Sigma-Aldrich (St. Louis, MO, USA);          

5-bromo-2-(4-fluorophenyl)-3-(4-(methylsulfonyl)phenyl)-thiophene (DuP697), methyl- 

isothiourea sulphate (methyl-U) and L-NG-monomethyl arginine citrate (L-NMMA) were 

from Tocris Cookson (Ellisville, MO, USA). Stock solutions were freshly prepared in the 

appropriate buffers. The drugs were diluted in a water bath to achieve the final 

concentrations stated in the text. 

Animals 

Male Wistar rats weighing 250-300 g from the Pharmacologic Bioterium (School of 

Dentistry, University of Buenos Aires) were used throughout. The animals housed in 

standard environmental conditions were fed with a commercial pellet diet and water ad 

libitum. For surgical removal of submandibular glands, the animals were killed with an 

overdose of an i.p. ketamine/xilazine mixture (100 and 16 mg/kg respectively). The 

experimental protocol followed the Guide to The Care and Use of Experimental 

Animals (DHEW Publication, NIH 80-23). 

Preparation of submandibular gland acini 

Submandibular gland acini were prepared from adult female Wistar-strain rats. Animals 

were used according to “The Guide to the Care and Use of Experimental Animals” 
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(DHEW Publication, NIH 80-23). Glands were dissected away from fat, connective 

tissue and lymph nodes and immersed in a tissue chamber containing Krebs-Ringer-

bicarbonate (KRB) solution gassed with 5% CO2 in oxygen and maintained at pH 7.4 

and 37°C. All subsequent steps were performed at 4°C. Submandibular glands were 

minced and incubated in KRB supplemented with 10 mM Hepes and 5.5 mM glucose 

(KRB-Hepes) and 0.5% bovine serum albumin (BSA), pH 7.4, containing collagenase 

(150 U/ml). Gland lobules were subjected to gentle pipetting. The preparation was then 

filtered through nylon mesh (150 µm pore size) and the acini were pelleted with 2 min 

centrifugation at 50 g. The pellet was then washed twice by centrifugation (50 g for 2 

min) through a 4% BSA solution made with KRB-Hepes buffer. The dispersed acini 

were allowed to recover for 30 min in 5 ml fresh KRB-Hepes buffer containing 0.5% 

BSA (21). 

Patients 

The subjects of this study were 25 pSS patients’ anti-Ro/SSA positive and 25 healthy 

volunteers all female, (age 39-54 years) selected from the metropolitan area of Buenos 

Aires (Table 1). The diagnosis of pSS fulfilled the criteria described by Vitali et al. (12) 

and was given by means of a positive biopsy with a score focus of 3.8±0.07.  

Purification of Human IgG 

The serum IgG fraction from patients with pSS and from normal individuals (control) 

was isolated using protein G affinity chromatography as described elsewhere (22). 

Briefly, sera were loaded onto the protein G affinity column (Sigma-Aldrich, St Louis, 

MO, USA) equilibrated with 1 M Tris-HCl (pH 8.0) and the columns were washed with 

10 volumes of the same buffer. The IgG fraction was eluted with 100 mM glycine-HCl, 

pH 3.0, and immediately neutralized. The concentration and purification of IgG were 

determined using a radial immunodiffusion assay. 

Serological Studies 

Anti-Ro-SSA procedure: Saline-soluble extractable nuclear antigens (ENA) were 

obtained from human spleen in phosphate buffered saline (PBS) for anti-Ro. Patient 
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sera were tested undiluted and diffusion was carried out at room temperature in a 

humidified chamber for 48 hours. Precipitin lines were identified by comparison with 

reference sera. ELISAs for total anti-Ro (60kD and 52kD Ro-proteins) was performed 

with a commercial Kit based on purified antigens (Orgentec Diagnostika, Mainz, 

Germany) and the assays were carried out according to the manufacturer’s protocols 

on an automated ELISA instrument (Radim, Pomezia RM, Italy). Values greater than 

25 UI/ml were considered positive. 

Anti-M3 peptide IgG procedure: The IgG fraction from 25 patients with pSS and 25 

healthy subjects was independently subjected to affinity chromatography on the 

synthesized peptide covalently linked to AffiGel 15 gel (Bio-Rad, Richmond, CA, USA) 

as described by Reina et al. (23). Briefly, the IgG fraction was loaded onto the affinity 

column equilibrated with PBS. The non-peptide fraction was first eluted with the same 

buffer. Specific anti-peptide antibodies were then eluted with 3 M KSCN and 1 M NaCl, 

followed by immediate extensive dialysis against PBS. The IgG concentration of non-

anti-peptide antibodies and specific anti-muscarinic receptor peptide antibodies was 

determined by a radial immunodiffusion assay. Their immunological reactivity against 

muscarinic receptor peptides was evaluated by ELISA. The concentration of the 

affinity-purified anti-M3 peptide IgG (1×10-8 M) increased optical density (mean OD ± 

SEM, 2.4±0.2). The non-anti-M3 peptide IgG fraction eluted from the column showed 

OD values (0.27±0.06) similar to those of normal IgG from healthy individuals taken as 

control (0.26±0.05). The normal IgG fraction purified by affinity column chromatography 

gave a negative result (0.30±0.03). ELISA was performed as described previously (24). 

ELISA 

Fifty microliters of M3 synthetic peptide solution (20 µg/ml) in 0.1 M Na2CO3 buffer, pH 

9.6, was used to coat microtiter plates (NUNC, Kastrup, Denmark) at 4°C overnight. 

After blocking the wells, diluted sera from pSS patients and healthy individuals were 

added in triplicate and allowed to react with the peptide for 2 hour at 37°C. After the 

wells were thoroughly washed with 0.05% Tween 20 in a PBS, 100 µl of 1:6000 
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biotinylated goat anti-human IgG antibodies (Sigma Chemical Co., St. Louis, MO, USA) 

was added and incubated for 1 hour at 37°C. Then, a 1:6000 dilution of extravidin-

alkaline phosphatase (Sigma) was allowed to react an extra 30 min at 37°C. After 

extensive washings, p-nitrophenylphosphate (1 mg/ml) was added as the substrate, 

and the reaction was stopped at 30 min. Finally, the plates were read at 405 nm and 

the results for each sample were expressed as the means ± SD of triplicate values. 

PGE2 procedure 

Serum PGE2 was measured by ELISA, carried out according to the manufacturer’s 

protocols (Biotrack Enzyme Immune Assay System, Amersham Bioscience, 

Piscateway, NJ, USA). The OD cutoff value of PGE2 was 4.4±0.33 ng/ml. All serum 

samples were frozen promptly after collection and kept at -80ºC until used for PGE2 

determination. The result is expressed as ng/ml. 

Nitrate and nitrites assay 

The 20 µl serum samples were mixed with an equal volume of 100 µl of Griess reagent 

(Ingredient A: 0.1% naphthalene diamine dihydrochloride at a final concentration of 5 

mmol/l; Ingredient B: 1% sulfanilamide at a final concentration of 5 mmol/l in 

orthophosphoric acid) in a 96 well microtiter plate (NUNC, Roskilde, Denmark). Nitric 

oxide concentrations were determined by a nitrate/nitrite colorimetric assay kit 

(Cayman Chemical Co, Ann Arbor, MI, USA) and measured spectrophotometrically at 

540 nm using a microplate reader (Reader Model 230S; Organon Teknika, Boxtel, The 

Netherlands) following the criteria of Green et al. (25). The nitrate and nitrites values 

are expressed as µM/ml. 

Biochemical analysis 

For analysis of the activity of SOD the glands were homogenized at 10% (w/v) 

in PBS pH 7.2, and centrifuged for 10 min at 800 g (4°C). The supernatant was 

separated, sonicated at 300 W for 30 s and centrifuged at 20,000 g for 10 min (26). 

The supernatant was then used in analysis. The SOD enzyme activity was determined 

using the Superoxide Dismutase Assay Kit (Cayman Chemical Co, Ann Arbor, MI, 
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USA). The reactions were followed using a Beckman DU-68 spectrophotometer 

(Beckman Instruments, Fullerton, CA). The specific activity was expressed as U/ml/mg 

protein. 

For analysis of CAT activity, the salivary glands were homogenized at 10% 

(w/v) in a phosphate buffer (KH2PO4 50 mM and K2HPO4 50 mM 1:1.5 (v/v)) pH 7.4. 

The homogenate was centrifuged at 1,500 g for 10 min and the supernatant used to 

assay CAT activity, which was measured in a medium containing 50 mM phosphate 

buffer, pH 7.0, supernatant and 100 mM H2O2. The catalysis of H2O2, which was 

observed spectrophotometrically, was shown by the decrease in absorbance at 240 

nm. The difference in absorbance per unit time is a measure of catalase activity (27). 

The specific activity was expressed as nmol/min/ml/mg protein. 

The protein concentration was measured using Folin’s phenol reagent, as 

described elsewhere (28); bovine serum albumin was used as standard. The readings 

of the Beckman DU-68 spectrophotometer (Beckman Instruments, Fullerton, CA) were 

taken at 660 nm. 

Statistical analyses 

The Student’s “t” test for unpaired values was used to determine the level of 

significance. If multiple comparisons were necessary, after analysis of variance, the 

Student-Newman-Keuls test was applied. Differences between means were considered 

significant if P<0.05. 
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Results 

ELISA assays were performed to demonstrate the presence of serum IgG against M3 

mAChR using a human M3 synthetic peptide as antigen in pSS patients compared to 

healthy individuals. Figure 1 shows the optical density (OD) values of the each serum 

of pSS patients and of the healthy subjects studied. The OD values obtained with pSS 

sera were always > 2 SD than those of healthy individuals. Anti-M3 mAChR peptide IgG 

was significantly higher in pSS patients than in healthy individuals (p<0.0001). 

 We have previously demonstrated the existence of circulating antibodies 

against the submandibular gland membrane in SS patients, which are able to interact 

molecularly with human M3 mAChR synthetic peptide (23). Knowing that the amino acid 

sequences of the second extracellular loop M3 mAChR of rat and humans have strong 

homology (92%), we studied the mAChR-mediated effect of autoantibodies from pSS 

patients on the rat submandibular acini preparation. For this purpose, we used the 

affinity purified anti-M3 mAChR peptide IgG from pSS patients using anti-M3 mAChR 

peptide IgG from healthy individuals as control.  

 The SOD specific activity in rat submandibular gland in the presence of      

1x10-8 M of anti-M3 mAChR peptide IgG showed an increment of approximately 29% 

(p<0.05) compared to the basal values (Fig. 2A). Anti-M3 mAChR peptide IgG from 

normal subjects was ineffective in our submandibular glandular preparation (Fig. 2A). 

Pilocarpine (an authentic mAChR agonist) was used under identical experimental 

conditions and induced   significant increment in SOD activity (36%, p<0.05) (Fig. 2A). 

 In order to assess the actions of pSS antibody on SOD activity pathways 

coupled to glandular M3 mAChR the cholinoceptor antagonist and selective inhibitors of 

different enzymatic pathways commonly associated with glandular M3 mAChR 

activation were studied. Figure 2B shows that the inhibition of glandular M3 mAChR by 

atropine (1x10-6 M), L-type calcium channel by verapamil (1x10-5 M), 

calcium/calmodulin complex by TFP (1x10-6 M), cyclooxygenase 2 (COX-2) by DuP697 

(5x10-8 M) and nitric oxide synthase by L-NMMA (1x10-4 M), attenuated the increment 
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of SOD activity by anti-M3 mAChR peptide IgG. All of these effects resemble those of 

the authentic mAChR agonist pilocarpine as shown in Figure 2C. Furthermore, the 

maximal increment of SOD activity induced by the autoantibody was neutralized after 

pre-incubating IgG with the M3 synthetic peptide. Normal anti-M3 mAChR peptide IgG 

was without effect (Fig. 2B). 

 An increment of 49% and 84% respectively (p<0.0001 versus basal values) was 

observed in the specific activity of CAT in submandibular gland in the presence of anti-

M3 mAChR peptide IgG and pilocarpine (Fig. 3A). The increment in CAT activity on 

submandibular gland pre-incubated with different inhibitors in the presence of anti-M3 

mAChR peptide IgG and pilocarpine as described above are shown in Figure 3B and 

3C.  The results obtained are the same as those previously described in Fig. 2B and in 

Fig. 2C. 

 A comparison between the mean levels ± SD of CAT and SOD enzyme 

activities in the serum of pSS patients and healthy individuals is shown in Table 2. A 

significant difference (p<0.0001) in both SOD and CAT mean levels was observed in  

pSS patients and healthy individuals (control).  Table 2 also shows a significant 

difference in the levels of PGE2 and nitrites in pSS patients and healthy individuals. 

 Figure 4 shows the ability of anti-M3 mAChR peptide IgG (1x10-8 M) (A) and 

pilocarpine (1x10-7 M) (B) to stimulate nitrite production and the increment of PGE2 

generation. M3 synthetic peptide was able to inhibit the action of anti-M3 mAChR 

peptide IgG on nitrite levels; atropine was able to do so in pilocarpine stimulation; anti-

M3 mAChR peptide normal (n) IgG was ineffective in the studied system. 
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Discussion 

This study examines antioxidant enzymes (SOD and CAT) in sera of pSS patients and 

in rat submandibular gland in the presence of anti-M3 mAChR peptide IgG and 

pilocarpine. The results of biochemical analysis show both the enhancement of the 

specific activity of the enzymes in submandibular gland stimulated with the M3 mAChR 

autoantibody and pilocarpine, an authentic cholinoceptor agonist, and in the sera of 

pSS patients. 

This increment in enzyme activity is associated with the presence of anti-Ro 

antibody and anti-M3 mAChR peptide IgG, and the symptoms of dryness (xerostomia, 

xerosphthalmia, xerodermia) in the sera of pSS patients. The specific activity of both 

enzymes, SOD and CAT, suffer no changes in the sera of healthy individuals. 

 Recently, it has been shown that the imbalance between the levels of ROS and 

the antioxidant enzyme system may play a key role in the salivary gland pathologies 

(20, 29). The alterations on rat salivary glands’ function in the course of insuline 

resistance rats shows that parotid and submandibular glands react differently to an 

excess of ROS, which in turn leads to modifications in the expression of SOD and CAT 

(30). 

 The fact that M3 mAChR autoantibody and pilocarpine stimulate the enzyme 

activity of SOD and CAT in the rat submandibular gland and in the sera of pSS 

patients, may be explained by the reason that the acinar machinery responsible for the 

increment of the specific activity of SOD and CAT damages the submandibular M3 

mAChR of the rat submandibular gland. This in turn, increases free radicals and 

initiates the oxidative stress with the modification of ROS molecules by alterations of 

the parasympathetic glandular system. The impairment of the action of the M3 mAChR 

IgG and pilocarpine by atropine and by M3 synthetic peptide corroborates this 

statement pharmacologically. 

 An increased amount of ROS species generated by polymorphonuclear 

leukocytes (31) and by xantine oxidoreductase / xantine oxidase released by the 
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conjuntival epithelium has been described in dry eye (32). Xantine oxidoreductase / 

xantine oxidase in turn generate ROS and may induce pro-inflammatory cytokines (33). 

The results of our study point to the fact that the increment of the specific 

activity of antioxidant enzymes (SOD and CAT) contributes both to the imbalance 

between ROS molecules at the level of the pSS patients of the submandibular gland, 

and to the increment of nitrites/nitrates and PGE2.  

The formation of cytotoxic oxygen products and the presence of these 

inflammatory cytokines (Nitric oxide (NO) / PGE2) provoke an oxidative tissue damage. 

Previous reports (34) demonstrate that NO and ROS participate in the immune signal; 

have the ability to kill pathogens and their enhancement in the downstream of pSS 

patients makes them complex modulators that act in the inflammatory process, worsen 

by the lesion of M3 mAChR IgG and the generation of a large amount of NO and PGE2. 

In addition, there are specific oxidation events that modify intracellular signals at 

the level of M3 mAChR salivary and ocular glands in SS patients, leading to the 

parasympathetic dysfunction observed in the course of the disease. 

Taken together the increment of the specific activity of SOD and CAT in pSS 

patients as compared to control healthy individuals, may be seen as a defensive 

reaction to the increment of the amount of ROS in the body, which becoming 

uncontrollable, leads to irreversible cellular and tissue damage.             
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Table 1 

 Characteristics of the study populations 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values are expressed as mean ± SEM. Values in parenthesis are the percentages.  

ND: not detected. 

 

Clinical characteristics 

  

pSS patients 

 

Healthy individuals 

 

Number 

 

25 

 

25 

 

Current age, mean years ± SD 

 

41.4 ± 11.9 

 

39.6 ± 10.2 

 

Disease duration, mean years ± SD 

 

6.88 ± 5.4 

 

N/A 

 

Female gender, n (%) 

 

25 (100) 

 

25 (100) 

 

Organ/system involved 

 

Xerostomia, n (%) 

  

25 (100) 

 

N/A 

 

Xerophthalmia, n (%) 

  

25 (100) 

 

N/A 

 

Xerodermia, n (%) 

 

25 (100) 

 

N/A 

 

Current antibodies 

 

ANA positive, n (%) 

  

25 (100) 

 

N/A 

 

Anti-Ro/SSA positive, n (%) 

 

25 (100) 

 

N/A 

 

Anti-M3 synthetic peptide IgG, n (%) 

 

25 (100) 

 

N/A 
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Table 2 

 

Comparison between mean levels ± SD of superoxide dismutase (SOD), 

catalase (CAT) enzymes and PGE2 and nitrites in serum of patients with pSS 

and healthy individuals 

 

 

 

Variable 

SOD 

(U/ml) 

CAT 

(nmol/min/ml) 

PGE2 

(ng/ml) 

Nitrites 

(µM) 

 

healthy individuals 

(n=25) 

 

3.38 ± 1.17 

 

7.24 ± 1.74 

 

4.4 ± 0.33 

 

5.8 ± 0.51 

 

pSS patients 

(n=25) 

 

3.56 ± 1.10* 

 

18.16 ± 8.22** 

 

11.6 ± 1.10** 

 

18.78 ± 2.7*** 

 

 

Values are mean ± SD. * significant differences with p=0.05; ** significant 

differences with p=0.0001; *** significant differences with p=0.006 between pSS 

patients and healthy individuals. 
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Legends of Figures 

 

Figure 1 

Detection of serum antibody titres; scatterogram showing the immuno reactivity of 

circulating IgG antibodies against M3 mAChR synthetic peptide; individual optical 

density (OD) values for each serum (1:30 dilution) of 25 pSS patients and 25 healthy 

individuals (control); OD cutoff value 0.4 ± 0.01. p<0.001 between anti-M3 mAChR 

synthetic peptide versus healthy individuals. 

 

Figure 2 

Specific activity of SOD in the rat submandibular gland; values of SOD activity in the 

presence of anti-M3 peptide IgG (1x10-8 M) and pilocarpine (1x10-7 M) alone and anti-

M3 peptide normal (n) IgG (A); anti-M3 peptide IgG alone (B) and pilocarpine alone (C) 

or in the presence of atropine (1x10-6 M), verapamil (1x10-5 M), TFP (1x10-6 M), 

DuP697 (5x10-8 M), L-NMMA (1x10-4 M) and M3 synthetic peptide (1x10-5 M). As 

control, the effect of 1x10-7 M anti-M3 peptide n IgG is also shown; mean values ± SEM 

of 12 pSS IgG, 10 normal IgG and 7 pilocarpine experiments in each group; *P<0.001 

versus basal; **P<0.0001 pSS IgG or pilocarpine alone versus inhibitor agents. 

 

Figure 3 

Specific activity of CAT in the rat submandibular gland; values of CAT activity in the 

presence of anti-M3 peptide IgG (1x10-8 M) and pilocarpine (1x10-7 M) alone and anti-

M3 peptide normal (n) IgG (A); anti-M3 peptide IgG alone (B) and pilocarpine alone (C) 

or in the presence of atropine (1x10-6 M), verapamil (1x10-5 M), TFP (1x10-6 M), 

DuP697 (5x10-8 M), L-NMMA (1x10-4 M) and M3 synthetic peptide (1x10-5 M); as 

control, the effect of 1x10-7 M anti-M3 peptide n IgG is also shown; mean values ± SEM 

of 12 pSS IgG, 10 normal IgG and 7 pilocarpine experiments in each group; *P<0.001 

versus basal; **P<0.0001 pSS IgG or pilocarpine alone versus inhibitor agents. 
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Figure 4 

Effect of anti-M3 peptide IgG (1x10-8 M) and pilocarpine (1x10-7 M) alone or in the 

presence of M3 synthetic peptide (1x10-5 M) and atropine (1x10-6 M) on rat 

submandibular gland on the production of nitrites (A) and PGE2 (B). As control, the 

effect of 1x10-7 M anti-M3 peptide n IgG is also shown; mean values ± SEM of 10 pSS 

IgG, 9 normal IgG and 6 pilocarpine experiments in each group; *P<0.001 versus 

basal; **P<0.0001 versus pSS IgG or pilocarpine alone. 
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Table 1 

Characteristics of the study populations 

 

 
Clinical characteristic 

  
pSS patients 

 
Healthy individuals 

 
Number 

 
25 

 
25 

 
Current age, mean years ± SD 

 
41.4 ± 11.9 

 
39.6 ± 10.2 

 
Disease duration, mean years ± SD 

 
6.88 ± 5.4 

 
N/A 

 
Females gender, n (%) 

 
25 (100) 

 
25 (100) 

 
Organ/system involved 

 
Xerostomia, n (%) 

 
25 (100) 

 
N/A 

 
Xerophthalmia, n (%) 

 
25 (100) 

 
N/A 

 
Xerodermia, n (%) 

 
25 (100) 

 
N/A 

 
Current antibodies 

 
ANA positive, n (%) 

 
25 (100) 

 
N/A 

 
Anti-Ro/SSA positive, n (%) 

 
25 (100) 

 
N/A 

 
Anti-M3 synthetic peptide IgG, n (%) 

 
25 (100) 

 
N/A 

 

Values are expressed as mean ± SD. Values in parenthesis are the 

percentages. N/A: not detected. 
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Table 2 
 
Comparison between mean levels ± SD of superoxide dismutase (SOD), 

catalase (CAT) enzymes and PGE2 and nitrites in serum of patients with pSS 

and healthy individuals 

 
 

 
Variable 

SOD 
(U/ml) 

CAT 
(nmol/min/ml) 

PGE2 
(ng/ml) 

Nitrites 
(µM) 

 
healthy individuals 

(n=25) 

 
3.38 ± 1.17 

 
7.24 ± 1.74 

 
4.4 ± 0.33 

 
5.8 ± 0.51 

 
pSS patients 

(n=25) 

 
3.56 ± 1.10* 

 
18.16 ± 8.22** 

 
11.6 ± 1.10** 

 
18.78 ± 2.7*** 

 

 
Values are mean ± SD. * significant differences with p=0.05; ** significant 

differences with p=0.0001; *** significant differences with p=0.006 between pSS 

patients and healthy individuals. 
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