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INTRODUCTION

Rheumatoid arthritis (RA) is a human autoimmune disease 
characterized by chronic infl ammation of the synovial mem-
branes with concomitant destruction of cartilage and bone. 
The etiology and pathogenesis of RA are due to abnormalities 
in cytokines, such as interleukin (IL)-1, IL-6, and tumor necro-
sis factor (TNF)-α, which play an important role in the develop-
ment of RA (Feldmann et al., 1996b). In addition, the current 
view of the cytokine network in rheumatoid joints supports the 
notion that TNF-α activates a cytokine cascade characterized 
by the simultaneous production of proinfl ammatory cytokines 
such as IL-1 and IL-6, and of anti-infl ammatory cytokines such 
as IL-10, IL-1Ra, and soluble TNF receptor (Feldmann et al., 
1996a). 

Epidemiological studies have reported an inverse correla-
tion between the dietary intake of antioxidants and the inci-

dence of RA (Bae et al., 2003). Methotrexate, etanercept and 
infl iximab are widely used drugs in the treatment of RA, as 
they act as anti-immunomodulatory agents (Filippin et al., 
2008). Antioxidants exerted favorable effects on RA, however, 
these were much lower than expected (Drabikova et al., 2009; 
Nagatomo et al., 2010). Recent clinical trials using TNF-α-
neutralizing antibody and IL-1 receptor antagonists have been 
relatively successful, but were expensive and caused hyper-
sensitivity to medication, and a possibility of serious infection 
(Slifman et al., 2003). Therefore, new drugs with fewer side 
effects and stronger potency for treating RA need to be de-
veloped.

Calcium (Ca) salts have shown some anti-infl ammatory 
properties (Smith et al., 1994). Ca chloride used in the treat-
ment of urticaria, acute edema, pruritus and erythema (Soll-
mann, 1942), Ca carbonate and Ca gluconate have been 
used to treat insect stings (Binder, 1989) and Ca hydroxide 
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This study examined the effects of calcium (Ca) gluconate on collagen-induced DBA mouse rheumatoid arthritis (CIA). A single 
daily dose of 200, 100 or 50 mg/kg Ca gluconate was administered orally to male DBA/1J mice for 40 days after initial collagen im-
munization. To ascertain the effects administering the collagen booster, CIA-related features (including body weight, poly-arthritis, 
knee and paw thickness, and paw weight increase) were measured from histopathological changes in the spleen, left popliteal 
lymph node, third digit and the knee joint regions. CIA-related bone and cartilage damage improved signifi cantly in the Ca gluco-
nate-administered CIA mice. Additionally, myeloperoxidase (MPO) levels in the paw were reduced in Ca gluconate-treated CIA 
mice compared to CIA control groups. The level of malondialdehyde (MDA), an indicator of oxidative stress, decreased in a dose-
dependent manner in the Ca gluconate group. Finally, the production of IL-6 and TNF-α, involved in rheumatoid arthritis patho-
genesis, were suppressed by treatment with Ca gluconate. Taken together, these results suggest that Ca gluconate is a promising 
candidate anti-rheumatoid arthritis agent, exerting anti-infl ammatory, anti-oxidative and immunomodulatory effects in CIA mice.
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has been used to suppress periapical infl ammation in dental 
practice (Frolova and Isakova, 1990). Ca gluconate has also 
been used to treat injuries resulting from direct contact with 
hydrofl uoric acid (Bracken et al., 1985). It markedly reduced 
pro-infl ammatory cytokines IL-6 and TNF-α in chemical burns 
in rats (Cavallini et al., 2004). Ca gluconate enhanced anti-
infl ammatory activities of non-steroid anti-infl ammatory drugs 
(Karnad et al., 2006) and Ca supplements are important al-
ternative sources of Ca to minimize bone loss during aging 
(Shahnazari et al., 2009). 

We hypothesized that Ca gluconate would have a protec-
tive effect against experimental RA and related articular bone 
loss. However, there are no studies showing the direct effects 
of Ca gluconate on collagen-induced rheumatoid arthritis 
(CIA), as the bioavailability of Ca varies in Ca supplements, 
and can be affected by such factors as disintegration, solu-
bility, chelate formation, and food-drug interactions (Whiting 
and Pluhator, 1992). The DBA/1J mouse CIA model is a well-
established model of human rheumatoid arthritis. It has been 
used to confi rm the anti-rheumatoid arthritis effects of various 
drugs (Nandakumar and Holmdahl, 2006). Therefore, the ob-
ject of this study was to ascertain the effi cacy of Ca gluconate, 
a water-soluble Ca salt, on CIA mice. 

MATERIALS AND METHODS

Animals and husbandry
Forty-eight male DBA/1J mice (5-week-old upon receipt; 

SLC, Japan; ANNEX I~IV) were used after acclimatization for 
14 days. Animals were housed four or fi ve per polycarbonate 
cage in a temperature (20-25oC)- and humidity (40-45%)-con-
trolled room with a 12 hrs:12 hrs light:dark cycle. Feed (Samy-
ang, Korea) and water were supplied ad libitum. All animals 
were fasted overnight before at immunization and sacrifi ce 
(about 18 hrs with ad libitum access to water) and treated 
according to the Guide for the Care and Use of Laboratory 
Animals by Institute of Laboratory Animal Resources, Com-
mission on Life Science, National Research Council, USA on 
1996, Washington D.C. In this study, eight mice per groups; 
total 6 groups were divided. 

Preparations and administration of test materials
Calcium gluconate, white powder, was purchased from Glu-

can corp. (CAS No. 299-28-5, purity; 98%, Pusan, Korea), and 
Enbrel (Wyeth Korea, Korea) 25 mg/0.5 ml vehicle packed in 
syringe, was purchased from local supplier. 

All test materials were stored in a refrigerator to protect 
from light and moisture. In this study, we selected 200 mg/kg 
of Calcium gluconate were selected as the highest dosage, 
and 100 and 50 mg/kg were selected as the middle and lowest 
dosages using common ratio 2. In addition, 10 mg/kg Enbrel, 
TNF-α neutralizing antibody (injected three day-intervals) was 
used as reference drug. In the present study, 200, 100 and 50 
mg/kg of Calcium gluconate was orally administered, once a 
day 40 days in a volume of 5 ml/kg of distilled water. In case 
of Enbrel, it subcutaneously injected three day-intervals from 
immunization to sacrifi ce diluted using saline at 10 mg/kg lev-
els. In intact and CIA control, only distilled water was orally 
administered instead of test materials, once a day for 40 days 
from immunization. 

Induction of CIA
CIA was induced according to the previous methods (Tren-

tham et al., 1977); Mice were immunized intradermally at the 
base of tail with 100μg of type II collagen (Chondrex, WA, 
USA) emulsifi ed with an equal volume of Freund’s complete 
adjuvant (Chondrex, WA, USA) and intraperitoneally boosted 
with type II collagen (100 μg in 0.05 M acetic acid) emulsi-
fi ed with an equal volume of Freund’s incomplete adjuvant 
(Chondrex, WA, USA) at 23 days after the initial immuniza-
tion. In intact control mice, only vehicle, 0.05 M acetic acid 
were intradermally injected instead of collagen immunization 
and intraperitoneally administered instead of antigen boost-
ing, respectively.

Changes in body weights
Changes of body weight were calculated at 1 day before im-

munization (Day-1), at immunization (Day 0), 1, 7, 14, 21, 23 
(at antigen boosting), 28, 35 and 39 days after immunization 
with at a termination using an automatic electronic balance 
(Precisa Instrument, Switzland). At immunization (initiation of 
administration) and at a termination, all experimental animals 
were overnight fasted (water was not; about 12 hrs) to reduce 
the differences from feeding. 

Estimation of clinical arthritis indexes in CIA
The clinical severity of arthritis in all four paws of mice was 

evaluated in a triple-blind fashion by a previous published 
scoring system (Brahn et al., 1998). Briefl y, 0=normal; 1=mild, 
apparent swelling limited to individual digits; 2=moderate, red-
ness, and swelling of the ankle; 3=redness and swelling of 
the paw including digits; and 4=maximally infl amed limb with 
involvement of multiple joints. The arthritis score for each 
mouse was the sum of four paws, with the highest score of 16 
for each mouse, and recorded at antigen boosting (Day 23), 
24, 25, 26, 27, 30, 33, 36, 39 and 40 days after immunization.

Paw and knee thickness measurement
The thickness of left hind paw and knee was measured 

using an electronic digital caliper (Mytutoyo, Japan) and re-
corded at antigen boosting (Day 23), 24, 25, 26, 27, 30, 33, 36 
and 39 days after immunization. In addition, to reduce the in-
dividual differences from start of measurements, the changes 
after antigen challenges were also calculated.

Organ weight measurements
At sacrifi ce, the spleen, left hind paw and left popliteal 

lymph nodes were collected after connective tissues, muscles 
and debris remove. The weight of organs or paw was calcu-
lated at g levels regarding absolute wet-weights. To reduce the 
individual body weight differences, the relative weight (%) was 
calculated using body weight at sacrifi ce and absolute weight.

Measurement of MPO contents
Collected paws were homogenized (50 mg/ml) in 0.5% he-

xadecyltrimethylammonium bromide (Sigma, MO, USA) in 
10 mM 3-N-morpholinopropanesulfonic acid (Sigma, MO, 
USA) and centrifuged at 15,000 g for 40 min. The suspen-
sion was then sonicated three times for 30 seconds. An aliquot 
of supernatant (20 μl) was mixed with a solution of 1.6 mM 
tetra-methyl-benzidine (Wako, Japan) and 1 mM hydrogen 
peroxide (Daejung, Korea). Activity was measured spectro-
photometrically as the change in absorbance at 650 nm at 



292

Biomol  Ther 21(4), 290-298 (2013)

http://dx.doi.org/10.4062/biomolther.2013.040

37oC, using a microplate reader (Liaudet et al., 2002). Results 
are expressed as milliunits (mU) of MPO activity per mg of 
protein, which were determined with the Bradford assay.

Measurement of MDA contents
MDA formation was utilized to quantify the lipid peroxi-

dation in the mouse paws and measured as thiobarbituric 
acid-reactive material. Tissues were homogenized (100 mg/
ml) in 1.15% KCl buffer. Two hundred microliters of the ho-
mogenates were then added to a reaction mixture consisting 
of 1.5 ml 0.8% thiobarbituric acid (Sigma, MO, USA), 200 μl 
8.1% sodium dodecyl sulfate (Wako, Japan), 1.5 ml 20% ace-
tic acid (pH 3.5), and 600 μl distilled water. The mixture was 
then heated at 90oC for 45 min. After cooling to room tem-
perature, the samples were cleared by centrifugation (10,000 
g for 10 min) and their absorbance measured at 532 nm, using 
1,1,3,3-tetramethoxypropane as an external standard (Liau-
det et al., 2002). The level of lipid peroxides was expressed as 
nmol of MDA/mg of protein.

Measurement of paw cytokine contents
Paws were snap frozen in liquid nitrogen; the sample was 

then homogenized in 700 μl of a TRIS-HCl buffer containing 
protease inhibitors. Samples were centrifuged for 30 min and 
the supernatant frozen at -80oC until assay. Cytokine levels 
were determined using commercial ELISA kit (Mabley et al., 
2002).

Measurement of splenocyte cytokine productions
Mouse spleens were collected for cell preparation and 

washed twice with PBS. The spleens were minced and the red 
blood cells were lysed with 0.83% ammonium chloride (Dae-
jung, Korea). The cells were fi ltered through a cell strainer and 
centrifuged at 1,300 rpm at 4oC for 5 min. The cell pellets were 
resuspended in RPMI 1,640 medium and plated in 24-well 
plates (Corning, NY, USA) at a concentration of 1×106 cells/
well. Isolated splenocytes were cultured for 72 h. The amounts 
of TNF-α and IL-6 in the culture supernatants were measured 
by ELISA (Cho et al., 2009). The amounts of cytokines pres-
ent in the test samples were determined from standard curves 
constructed with serial dilutions of recombinant murine TNF-α 
and IL-6. The absorbance was determined with an ELISA mi-
croplate reader at 405 nm.

Histopathology
The knee joints parts were sampled with the joint capsules 

preservation with total left hind paw, and fi xed in 10% neutral 
buffered formalin. After 5 days of fi xation, they were decalci-
fi ed using decalcifying solution [24.4% formic acid, and 0.5 
N sodium hydroxide] for 5 days (mixed decalcifying solution 
was exchanges once a day for 5 days). After that, median joint 
parts were longitudinally trimmed or third digits were cross-
ly trimmed, and embedded in paraffi n, sectioned (3-4 μm) 
and stained with Hematoxylin & Eosin (H&E). The histological 
profi les of the knee joints and third digits were observed as 
compared with the intact control. In addition, spleen and left 
popliteal lymph nodes were sampled and fi xed in 10% neutral 
buffered formalin. After paraffi n embedding, 3-4 μm sections 
were prepared. Representative sections were stained H&E for 
light microscopical examination. After that the histological pro-
fi les of individual organs were observed. 

Semiquantitative scoring system: Three pathologists who 

were kept unaware of the source of the tissues independently 
evaluated each section on a 3-point scale (Ono et al., 2004): 
0=normal, 1=infi ltration of infl ammatory cells, 2=synovial hy-
perplasia and pannus formation, and 3=bone erosion and de-
struction.

Histomorphometry: The thickness of articular surface (in-
cluding compact bone and articular cartilages) of tibia and 
femur (μm/bone), articular cartilage thickness of tibia and 
femur (μm/bone), infi ltrated infl ammatory cell numbers of left 
knee cavity and cutaneous regions of third digits (cells/mm2), 
dorsum digit skin thicknesses around third digits (μm/digit), 
cortical bone thickness of third digits (μm/digit), total (central 
regions; mm/spleen) and white pulp (mm/pulp) thicknesses 
of spleen with numbers of white pulp (pulps/mm2), and total 
(central regions) and cortex thicknesses (mm/lymph node) of 
left popliteal lymph were measured as histomorphometrical 
analyses at prepared histological samples using digital image 
analyzer (DMI-300, DMI, Korea). 

The histopathologist was blinds to group distribution when 
this analysis was made.

Statistical analyses
Multiple comparison tests for different dose groups were 

conducted. Variance homogeneity was examined using the 
Levene test. If the Levene test indicated no signifi cant de-
viations from variance homogeneity, the obtain data were 
analyzed by one way ANOVA test followed by least-signifi cant 
differences (LSD) multi-comparison test to determine which 
pairs of group comparison were signifi cantly different. In case 
of signifi cant deviations from variance homogeneity were 
observed at Levene test, a non-parametric comparison test, 
Kruskal-Wallis H test was conducted. When a signifi cant dif-
ference is observed in the Kruskal-Wallis H test, the Mann-
Whitney U test was conducted to determine the specifi c pairs 
of group comparison, which are signifi cantly different. Statisti-
cal analyses were conducted using SPSS for Windows (Re-
lease 14K, SPSS Inc., USA). In addition, the percent changes 
as compared with CIA control were calculated to help the un-
derstanding of the effi cacy of test materials, and the percent 
changes between intact and CIA control were also calculated 
to observe induction status of CIA in the present study.

 
RESULTS

Changes in body weight
Signifi cant decreases in body weight were detected from 

28 days after immunization (5 days after antigen boosting) in 
the CIA control group compared with an intact control. Body 
weight gains were also signifi cantly decreased after antigen 
boosting and during experimental periods. However, the body 
weights of ENBREL mice, and mice treated with the three 
doses of Ca gluconate, increased markedly from 28 days after 
immunization, as did the body weights after antigen boosting 
and during experimental periods (Fig. 1). 

Therapeutic eff ects on rheumatoid arthritis
Clinical arthritis scores were signifi cantly higher from 24 

days after immunization (1 day after antigen boosting) in the 
CIA control compared with the intact control. However, signifi -
cant decreases in clinical arthritis scores were detected from 
26 days after immunization in the ENBREL- and Ca gluconate 



293

Sohn et al.   Anti-Infl ammatory Eff ects of Calcium Gluconate on RA

www.biomolther.org

(100 and 200 mg/kg)-treated mice, and also in the Ca gluco-
nate (50 mg/kg)-treated mice from 33 days after immunization, 
as compared with the CIA control mice (Fig. 2A).

There was a signifi cant increase in paw thickness from 24 
days after immunization (1 day after antigen boosting) and a 
signifi cant increase in knee thickness from 25 days after im-
munization (2 days after antigen boosting) in the CIA control 
as compared with the intact control. Paw and knee thickness 
after antigen challenge also increased signifi cantly. 

Paw thickness in ENBREL and 200 mg/kg Ca gluconate-
treated mice decreased signifi cantly from 25 days after im-
munization. Mice treated with 100 and 50 mg/kg Ca gluconate 
also exhibited decreased paw thickness from 26 and 30 days 
after immunization, respectively. In addition, after antigen 
challenge, paw thickness decreased in the ENBREL group, 
and in all three Ca gluconate-treated groups, as compared 
with the CIA control (Fig. 2B).

Knee thickness in ENBREL and 200 mg/kg Ca gluconate-
treated mice decreased signifi cantly from 24 days after im-
munization, and from 25-27 days after immunization in 100 
and 50 mg/kg Ca gluconate-treated mice as compared with 
CIA control mice. The changes in knee thickness after antigen 

Fig. 1. Ca gluconate inhibited changes in body weight in CIA mice. 
Values are expressed as means ± SD (n=8). ***p<0.001 compared 
with the mean body weights at immunization. -1IM: 1 day before im-
munization, IM: immunization (start of administration of test materials); 
23, day of antigen challenge. All animals were fasted overnight before 
immunization and sacrifi ce (40 days after immunization). 

Fig. 2. Ca gluconate reduced clinical arthritis scores, and paw and 
knee thickness in Ca gluconate-treated CIA mice. (A) Significant 
decreases in clinical arthritis scores were detected in Ca gluconate-
treated mice (B) Paw thickness was signifi cantly (p<0.01 or p<0.05) 
reduced in Ca gluconate-treated mice (a, b) compared with CIA con-
trol mice. (C) Knee thickness was signifi cantly (p<0.01 or p<0.05) re-
duced in Ca gluconate-treated mice (a, b) compared with CIA control 
mice. Values are expressed as means ± SD (n=8). AC; day of antigen 
challenge at 23 days after immunization. All animals were fasted over-
night before immunization.

Table 1. Changes of left hind paw and secondary lymphatic organs detected after treatment of enbrel and three different dosages of calcium gluconate in 
CIA mice

Groups
Paw weights Spleen weights Left popliteal lymph nodes weights

Absolute Relative Absolute Relative Absolute Relative

Controls
   Intact 0.133 ± 0.008 0.667 ± 0.022 0.047 ± 0.008 0.236 ± 0.028 0.003 ± 0.002 0.013 ± 0.009
   CIA 0.202 ± 0.027a 1.195 ± 0.188a 0.101 ± 0.009a 0.599 ± 0.075a 0.015 ± 0.004a 0.088 ± 0.025a

Reference
  Enbrel 0.136 ± 0.004c 0.665 ± 0.037c 0.062 ± 0.004a,c 0.302 ± 0.022a,c 0.005 ± 0.004c 0.025 ± 0.020c

Calcium gluconate
  200 mg/kg 0.128 ± 0.011c 0.688 ± 0.121c 0.055 ± 0.003b,c 0.291 ± 0.022a,c 0.007 ± 0.003b,c 0.036 ± 0.017b,c

  100 mg/kg 0.140 ± 0.018c 0.763 ± 0.144c 0.062 ± 0.008a,c 0.335 ± 0.047a,c 0.008 ± 0.003a,c 0.041 ± 0.015a,c

    50 mg/kg 0.154 ± 0.029d 0.902 ± 0.243b,d 0.074 ± 0.019a,d 0.435 ± 0.141a,d 0.011 ± 0.003a,c 0.061 ± 0.017a,c

Values are expressed as Mean ± SD, g (absolute weight) or % (relative weights vs body weights at sacrifi ce) of eight mice. CIA: collagen-
induced arthritis, Ca: calcium. ap<0.01 and bp<0.05 as compared with intact control. cp<0.01 and dp<0.05 as compared with CIA control.
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challenge also decreased signifi cantly in the ENBREL group, 
and in all three Ca gluconate-treated groups, as compared 
with the CIA control (Fig. 2C).

The absolute and relative weights of the left paw, spleen 
and left popliteal lymph nodes were signifi cantly higher at 
sacrifi ce in the CIA control, compared with the intact control. 
However, in the ENBREL group, and in all three Ca gluconate-
treated groups, these weights were lower than in the CIA con-
trol mice (Table 1).

Anti-infl ammatory and immunomodulatory eff ects of Ca 
gluconate

MPO and MDA were higher in right hind paw in the CIA con-
trol compared with the intact control group at sacrifi ce. Howev-
er, for the ENBREL group, and in all three Ca gluconate-treat-
ed groups, the paw MPO and MDA levels were signifi cantly 
lower compared with CIA control mice (Fig. 3A).

There were signifi cant increases in TNF-α and IL-6 in the 
right hind paw in the CIA control compared with the intact 
control at sacrifi ce. Moreover, splenocyte TNF-α and IL-6 pro-

duction increased in the CIA control compared with the intact 
control.

However, for the ENBREL group, and in all three Ca gluco-
nate-treated groups, TNF-α and IL-6 were signifi cantly lower 
compared with the CIA control mice (Fig. 3B, C).

Histopathological changes in the knee and third digits
Marked decreases in articular cartilage and bone surfaces 

were detected in the both knee articular femur and tibia sur-
faces, where there was marked infl ammatory cell infi ltration 
into the synovial cavity in the CIA control mice. There were 
also dramatic edematous changes, infl ammatory cell infi ltra-
tion and erosive damage of the digital bones on the third dig-
its of the CIA control mice. However, these histopathological 
changes indicative of CIA were dramatically decreased by 
ENBREL treatment and all three Ca gluconate doses, respec-
tively (Fig. 4, 5).

The semiquantitative scores increased signifi cantly in the 
femur, tibia and third digits of the CIA control group compared 
with the intact control. However the semiquantitative scores of 
ENBREL and all Ca gluconate-treated mice were dramatically 
lower compared with the CIA control mice (Fig. 6A).

Knee articular surface thickness, including compact bone 
and cartilage, and knee articular cartilage thickness were sig-
nifi cantly less in the femur and tibia of the CIA control com-
pared with the intact control, whereas the thickness of these 
sites in the ENBREL and Ca gluconate-treated mice were 

Fig. 4. Histopathological profi les of the knee in the intact control (A-D), 
CIA control (E-H), ENBREL group (I-L), Ca gluconate-treated groups; 
200 mg/kg (M-P), 100 mg/kg (Q-T) and 50 mg/kg (U-X). Marked de-
creases in the articular surfaces (cartilage and bone) were detected in 
the knee articular surfaces of the femur and tibia, with severe infl am-
matory cell infi ltration into the synovial cavity in the CIA control mice. 
However, histopathological changes in the CIA group were decreased 
dramatically by treatment with Ca gluconate. The arrow indicates 
articular surface thickness. Dotted arrow indicates articular cartilage 
thickness. All were stained with H&E. Scale bars=160 μm.

Fig. 3. Ca gluconate had a therapeutic effect on the CIA mice medi-
ated by anti-infl ammatory, anti-oxidative and immunomodulatory ef-
fects. (A) Paw MPO and MDA contents of Ca gluconate-treated mice 
were lower compared to CIA control mice. (B) Paw TNF-α and IL-6 
levels in Ca gluconate-treated mice were lower compared with CIA 
control mice. (C) Splenocyte TNF-α and IL-6 levels in Ca gluconate-
treated mice were lower compared with CIA control mice. Values are 
expressed as means ± SD (n=8). ap<0.01 and bp<0.05 as compared 
with the intact control; cp<0.01 and dp<0.05 as compared with the CIA 
control.
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markedly higher than in CIA control mice (Fig. 6B, C). 
Infi ltration of infl ammatory cells into the knee synovial cav-

ity and third digits was signifi cantly altered by Ca gluconate 
treatment. Signifi cantly higher numbers of infl ammatory cells 
infi ltrated the knee synovial cavity and third digit cutaneous 
regions in the CIA control group compared with the intact con-
trol; however, in the ENBREL and Ca gluconate-treated mice 
the numbers of infi ltrated cells were lower compared with the 
CIA control mice (Fig. 6D).

Signifi cant changes of third digit dorsum pedis skin and 
cortical bone thickness were detected in the Ca gluconate-
treated group. The third digit dorsum pedis skin thickness was 
signifi cantly higher in the CIA control, however there were sig-
nifi cant decreases in the ENBREL Ca gluconate-treated mice 
compared with the CIA control mice (Fig. 6E). 

Histopathological changes of secondary lymphatic organs
The CIA control mice demonstrated marked enlargement of 

the spleen and popliteal lymph nodes related to hyperplasia of 
the lymphoid cells in the white pulp of the spleen or cortex of 
lymph nodes. However, these histopathological changes de-

Fig. 6. Ca gluconate ameliorated the histopathological changes of 
the knee and third digit. (A) The semiquantitative scores of Ca glu-
conate-treated mice were lower compared with the CIA control mice. 
(B) The knee articular surface thickness of Ca gluconate-treated mice 
was greater compared with the CIA control mice. Knee articular sur-
face thicknesses are shown in Fig. 4 (arrow). (C) The knee articular 
cartilage thickness of Ca gluconate-treated mice was greater com-
pared with the CIA control mice. Knee articular cartilage thicknesses 
are shown in Fig. 4 (dotted arrow). (D) Infi ltrated infl ammatory cells of 
Ca gluconate-treated mice were lower compared with the CIA control 
mice (E). Increases in the third digit dorsum pedis skin thickness and 
decreases in the cortical bone thickness were inhibited by treatment 
with Ca gluconate compared with the CIA control mice. Measure-
ments of the third digit dorsum pedis skin (arrow) and cortical bone 
(dotted arrow) thicknesses are shown in Fig. 5. Values are expressed 
as means ± SD (n=8); ap<0.01 and bp<0.01 as compared with the in-
tact control; cp<0.01 and dp<0.05 as compared with the CIA control.

Fig. 5. Histopathological profi les of the third digits in the intact con-
trol (A-C), CIA control (D-F), ENBREL group (G-I), Ca gluconate-
treated groups; 200 mg/kg (J-L), 100 mg/kg (M-O) and 50 mg/kg (P-
R). Marked edematous changes, inflammatory cell infiltration and 
erosive damage of digital bones were detected on the third digits of 
the CIA control mice. However, these histopathological changes were 
decreased dramatically by treatment with Ca gluconate. The arrow in-
dicates the dorsum paw skin thickness. Doted arrow indicates cortical 
bone thickness. All were stained with H&E. Scale bars=160 μm.
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creased dramatically after ENBREL and Ca gluconate treat-
ment (Fig. 7, 8). Signifi cant decreases in total spleen thick-
ness (around the central regions; from the apex to the base), 
splenic white pulp numbers, splenic white pulp thickness and 
popliteal lymph node total thickness were observed in the EN-
BREL and Ca gluconate-treated mice compared with the CIA 
control mice (Fig. 9).

DISCUSSION

Our results show that CIA-related features, including body 
weight fl uctuation (Ishikaw et al., 2002; Zhu et al., 2007), poly-
arthritis (Larsen et al., 2008), knee and paw thickness, and 
paw weight increases (Ishikaw et al., 2002), were improved 
signifi cantly in Ca gluconate-treated CIA mice. These results 
led us to hypothesize that Ca gluconate exerts an anti-infl am-
matory effect related to its antioxidant properties, since RA is 
closely related to infl ammation of the synovial joints by CD4+ 
T cells, macrophages, plasma cells, and neutrophils (Feldma-
nn et al., 1996a; Wolfe and Hawley, 1998). 

We observed that increases in paw MPO levels in the CIA 
control were inhibited by Ca gluconate. In addition, increases 
in paw MDA levels were seen in the CIA control mice, which 
were inhibited by Ca gluconate (such as ENBREL) in a dose-
dependent manner. These results support other studies which 
show that Ca gluconate has a direct anti-infl ammatory effect 
(Bracken et al., 1985; Cavallini et al., 2004; Karnad et al., 
2006). Ca gluconate has anti-oxidative properties that may 
be involved the effects on the CIA. Generated oxygen me-
tabolites play a pivotal role in the recruitment of neutrophils, 
primarily polymorphoneutrophils (PMNs), into injured tissues 
(Zimmerman et al., 1990). Activated PMNs are also a potential 
source of oxygen metabolites (Sullivan et al., 2000), and MPO 
is an activating cytotoxic enzyme released from PMNs (Iseri 
et al., 2005). Infl ammation is directly correlated with oxidative 
stress (Lee and Ku, 2008), which is involved in the pathogen-
esis of CIA (Drabikova et al., 2009; Nagatomo et al., 2010). 

Next, we analyzed the levels of IL-6 and TNF-α to ascertain 
that the anti-infl ammatory effect of Ca gluconate is associ-
ated with these cytokines. As a result, increases in paw IL-6 
and TNF-α were observed with increases in splenocyte IL-6 

Fig. 7. Histopathological profi les of the spleen in the intact control (A, 
B), CIA control (C, D), ENBREL group (E, F), Ca gluconate-treated 
groups; 200 mg/kg (G, H), 100 mg/kg (I, J) and 50 mg/kg (K, L). 
Marked enlargement of the spleen, related to hyperplasia of lymphoid 
cells in the white pulp, was detected in the CIA control mice. However, 
these histopathological changes decreased dramatically after treat-
ment with ENBREL and all three doses of Ca gluconate. Arrow indi-
cates the total spleen thickness. Doted arrow indicates white pulp. All 
were stained with H&E. Scale bars=160 μm.

Fig. 8. Histopathological profiles of the left popliteal lymph nodes 
in the intact control group (A, B), CIA control group (C, D), ENBREL 
group (E, F), and Ca gluconate-treated groups; 200 mg/kg (G, H), 
100 mg/kg (I, J) and 50 mg/kg (K, L). Marked enlargement of popliteal 
lymph nodes, related to hyperplasia of lymphoid cells in the cortex 
of the lymph nodes, was detected in the CIA control mice. However, 
these histopathological changes decreased dramatically after treat-
ment with ENBREL and all three doses of Ca gluconate. Arrow indi-
cates the total popliteal lymph node thickness. Doted arrow indicates 
cortex thicknesses. All were stained with H&E. Scale bars=160 μm.
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and TNF-α production, whereas Ca gluconate (such as EN-
BREL) inhibited the increase in cytokine activities in a dose-
dependent manner. These results show that Ca gluconate has 
immunomodulatory effects and that these may be involved in 
improving the CIA. Abnormal increases in cytokines IL-6 and 
TNF-α are involved in the pathogenesis of RA (Feldmann 
et al., 1996b). TNF-α is produced by a variety of cell types, 
including splenocytes, and is associated with critical events 
leading to T-lineage commitment and differentiation (Samira et 
al., 2004). TNF-α can enhance the in vivo immune response 
at low doses, avoiding weight loss or tissue toxicity. It enhanc-
es proliferation of B and T cells, and promotes the generation 
of cytotoxic T cells. In addition, it enhances IL-2-induced im-
munoglobulin production and augments IL-2-stimulated natu-
ral killer cell activity and proliferation of monocytes (Isaacs, 
1995). It has also been suggested that IL-6 contributes to the 
development of arthritis (Van Snick, 1990). IL-6 is known to 

be present at high levels in the serum and synovial fl uid of RA 
patients (Sethi et al., 2009; Zimmerman et al., 2010). IL-6 acts 
as a stimulator of both B and T cell functions; it promotes pro-
liferation of plasmablastic precursors in the bone marrow, and 
their fi nal stage of maturation into immunoglobulin-producing 
plasma cells, and participates in activation and proliferation of 
T cells (Van Snick, 1990). 

We aimed to confi rm the protective effects of Ca gluconate 
on histopathological changes in RA, including infl ammation of 
peripheral synovial joints, articular cartilage and bone dam-
ages. We measured these histopathological changes using a 
semiquantitative score system which has been used to assess 
the effi cacy of test materials on CIA (Ono et al., 2004; Cho 
et al., 2009). Our results show that Ca gluconate suppressed 
severe infl ammation, and cartilage and bone erosions in CIA 
mice. In addition, enhanced immunity was inhibited by Ca 
gluconate treatment, such as ENBREL. Histopathologically, 
infl ammation of peripheral synovial joints including infi ltration 
of infl ammatory cells, articular cartilage, and bone damage 
were induced in CIA. Signs of enhanced immunity (Yoon et al., 
2010), such as increases in spleen and lymph node weights, 
enlargement of the spleen and lymph nodes due to hyperpla-
sia of lymphoid cells, were detected in the CIA control group. 
The importance of secondary lymphoid organs in the develop-
ment of RA was shown in previous studies (Newbould, 1964). 
Generally, secondary lymphoid organs are enlarged due to 
hyperplasia of lymphoid cells (Lee et al., 2007). 

In conclusion, we suggest that Ca gluconate promises to 
be a new, effective anti-RA agent. Our results indicate that an 
oral dose of 200, 100 or 50 mg/kg Ca gluconate had favorable 
effects on the CIA mice, which were mediated by its anti-in-
fl ammatory, anti-oxidative and immunomodulatory properties. 
Although marked favorable anti-CIA effects were detected in 
50 mg/kg Ca gluconate-treated mice, these changes were re-
stricted. Therefore, we consider a minimal effective dose of Ca 
gluconate to be 50 mg/kg, however, the optimal effective dos-
age is considered to be 100 mg/kg because all CIA-induced 
changes were signifi cantly inhibited at this dosage. 
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