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			Abstract

			The goal of this study was to evaluate the anti-inflammatory properties of JBP 485 isolated from the human placenta hydrolyzate in rats and in mice. JBP 485 markedly inhibited paw swelling in anti-CII mAbs (monoclonal antibodies to type II collagen) plus LPS (lipopolysaccharide)-induced mice paw edema at a dose of 25mg/kg after oral administration. Additionally, 100mg/kg dose of JBP 485 significantly suppressed colonic inflammation induced by DNBS (2,4-dinotrobenzene sulfonic acid) after oral administration and apparently repaired tissue injury, such as diarrhea, colonic ulcer and adhesions between the small intestine and inflamed colon in this rat model of inflammatory bowel disease. Furthermore, the application of 1000M JBP 485 significantly inhibited the releases of pro-inflammatory cytokines such as TNF-α (tumour necrosis factor alpha), IL-1β (interleukin-1β), IL-6 (interleukin-6), IL-2 (interleukin-2) and INF-γ (interferon-gamma) from human peripheral blood mononuclear leukocytes (PBMNL) in a concentration dependent manner. Safety of JBP 485 was verified by negligible cytotoxicity in PBMNL. These results suggest that JBP 485 displays considerable anti-inflammatory effects and may be useful for clinical applications.
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			Introduction

			The inﬂammatory reaction delivering the appropriate defense against harmful stimuli is involved in various pathological and physiological processes. Beneficial inﬂammatory responses which promote local coagulation to confine tissue damage and infection can be triggered by the controlled production of tumour necrosis factor alpha (TNF-α) and proinﬂammatory cytokines, such as interleukins (ILs) [1]. However, uncontrolled inﬂammation can produce many cytokines, resulting in extensive organ dysfunction and tissue damage and chronic inﬂammatory diseases, such as autoimmune disease, cardiovascular disease and Alzheimer’s disease [2,3]. In face of the fact that the clinical application of the commonly used anti-inﬂammatory drugs clinically, including non-steroidal and steroidal anti-inﬂammatory drugs, is limited due to their side eﬀects, new potential drugs with low toxicity and good efficacy for inﬂammation treatment is urgent needed.

			JBP 485 (Cyclo-trans-4-L-hydroxyprolyl-L-serine, Figure 1), a dipeptide, was first isolated from Laennec® (a trade name for hydrolysate of human placenta) which has been used clinically to treat chronic hepatic injury for over five decades [4,5]. Our previous studies showed that JBP 485 had no obvious toxicity and 

exhibited excellent gastrointestinal absorption [5,6] as well as had clear anti-hepatitis effect after oral administration, probably due to its apoptosis-inhibiting and antioxidant properties, which have been demonstrated in animal experiments [6-8]. These results indicate JBP 485 has a potency as an anti-inflammatory agents. However, scientific reports describing the anti-inflammatory effects of JBP 485 by oral administration are lacking. Therefore, in the present work, we focused on the investigation of the anti-inflammatory effects of JBP 485 on two experimental animal models in rats and in mice.
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			Materials and Methods

			Reagents

			JBP 485 was obtained from Japan Bioproducts Industry Co. Ltd (Tokyo, Japan). Concanavalin A was provided by Panlabs, Co. Ltd (Taipei, Taiwan). DNBS (2,4-dinotrobenzene sulfonic acid) was from Panlabs, Co. Ltd (Taipei, Taiwan). Anti-CII mAbs mixture and lipopolysaccharide were provided by Panlabs, Co. Ltd (Taipei, Taiwan). Murine TNF-α, IL-1β, IL-6, IL-2 and IFN-γ ELISA kits were from Panlabs, Co. Ltd (Taipei, Taiwan). DNBS (2,4-dinotrobenzene sulfonic acid) was from Panlabs, Co. Ltd (Taipei, Taiwan). Human peripheral blood mononuclear leukocytes were obtained from Panlabs, Co. Ltd (Taipei, Taiwan). Other reagents will be further specified.

			Animals

			Male BALB/cByJ mice (20±2g) and Wistar derived male rats (20020g) (Panlabs, Co. Ltd (Taipei, Taiwan)) were housed at 23±2 ℃ under a 12h light-dark cycle, at 50±5% relative humidity throughout the whole experimental period. All mice/rats were allowed free access to water and chow diet. All experimental protocols were approved by the Institutional Animal Ethics Committee of Panlabs, Co. Ltd, which follows the standards of the Committee for the Purpose of Control and Supervision of Experimentation on Animals, Government of Taiwan.

			Anti inﬂammatory tests

			Monoclonal antibody to collagen plus lipopolysaccharide induced arthritis in mice: Arthritis was induced in BALB/cByJ mice using the method previously established by Terato et al. [9,10]. A combination of 4 different monoclonal antibodies (mAbs: D8, F10, DI-2G, A2) to type II collagen (anti-CII mAbs) was administered by intravenous administration (4mg/mouse) on day 1 and challenged 3 days later (day 4) with intravenous administration of lipopolysaccharide (LPS, 25g/mouse). From day 4, beginning one hour post LPS, JBP 485 (25mg/kg) were administered by oral administration once daily for 3 consecutive days. Indomethacin (3mg/kg) (Panlabs, Co. Ltd, Taipei, Taiwan) as a positive control and vehicle (distilled water) as negative control were similarly used with JBP 485. For each animal, increase in volume of both hind paws was measured using a plethysmometer (Ugo Basile Cat. #7150) with a water cell (12 mm diameter) on days 5, 7, 10, 14 and 17. The inhibition percent of increased volume was calculated by following formula:

			Inhibition (%) = [1-(Tn-T0)/(Cn-C0)] × 100

			Where C0 (Cn) expresses the swollen volume of day 0 (day n) in vehicle control and T0 (Tn) expresses the swollen volume of day 0 (day n) in JBP 485 or indomethacin treated group, respectively. The reduction of edema in the hind paws by 30% or more (30) was considered significant.

			DNBS (2,4-dinotrobenzene sulfonic acid)-induced bowel disease in rats: The experimental animal model of DNBS-induced colitis is well recorded previously [11,12]. Wistar derived male rats weighing 20020g and fasted for 24 hours were used. Distal colitis was induced by intra-colonic instillation of DNBS (30mg in 0.5ml 30% ethanol). In briefly, a rubber cannula (outside diameter 2.3mm) was inserted intrarectally into a metofane-anesthetized rat so that the tip was 8cm proximal to the anus. After instilling the DNBS-ethanol solution, the cannula was gently removed. Another ruber cannula with the same outside diameter was inserted intrarectally into the rat so that the tip was 2cm proximal to the anus. Then, air (2ml) was gently injected through the cannula to ensure that the DNBS-ethanol solution stayed in the colon. JBP 485 (6.25, 25 and 100mg/kg) dissolved in a vehicle of 2% Tween 80 was administered by oral administration 24 and 2 hours before DNBS instillation and then daily for 5 consecutive days. Blank control group was similarly treated with vehicle alone while negative control group was treated with vehicle plus DNBS. Sulfasalazine (300mg/kg) (Panlabs, Co. Ltd, Taipei, Taiwan), a drug well known for anti-inflammatory bowel disease as positive control was similarly used with JBP 485 groups. The animals were sacrificed 24 hours after the final dose administration (day 7) and each colon was removed and weighed. During the experiment, the presence of diarrhea was recorded daily. Further, when the abdominal cavity was opened before removal of the colon, adhesions between the colon and other organs were also recorded. Colonic ulceration was noted after removal and weighing of each colon. Colon-to-body weight ratio was then calculated for each animal according to the formula as follows:

			Colon-to-body weight ratio (%) = Colon (g)/body weight (g) × 100

			The “Net” increase in ration of negative control group relative to blank control group is used as a base for comparison with test substance treated groups and expressed as “Decrease (%)” (percent decrease). A 30% or more (30%) reduction in colon-to-body weight ratio was considered significant.

			Cytotoxicity of JBP 485 in PBMNL: JBP 485 (1-1000μM) was incubated with a suspension of PBMNL (1 × 106/well) in the presence of Con A (10g/ml) or LPS (25ng/ml) for 16 hours in RPMI 1640 medium (pH 7.4) containing 10% FBS with 50 unit/ml of penicillin and 50μg/ml of streptomycin at 37 C in 5% CO2. Alamar Blue reagent (Sigma-Aldrich) was added and the cells were incubated at 37 C for another 16 hours. Living cells will take up Alamar Blue and emit fluorescence. Fluorescence intensity is measured using a Spectro Fluor Plus plate reader (Shimadzu, Kyoto, Japan) with excitation at 485nm and emission at 590nm. Decrease of 50 percent or more (50%) in fluorescence intensity relative to vehicle treated controls indicates significant cytotoxicity.

			Measurement of inflammatory mediator release from human leukocytes: For the interleukin-2 (IL-2) and interferon-gamma (IFN-γ) release, JBP 485 (1-1000μM), vehicle (0.4% DMSO) and dexamethason (0.0001-1μM, positive control) (Panlabs, Co. Ltd, Taipei, Taiwan) were incubated with a suspension of human peripheral blood mononuclear leukocytes (PBMNL, 1 × 106/well) in the presence of concanavalin A (Con A, 10g/ml). For the interleukin-1β (IL-1β), interleukin-6 (IL-6) and TNF-α release, the same concentrations of JBP 485, vehicle and dexamethason were incubated with the same PBMNL in the presence of lipopolysaccharide (LPS, 25ng/ml). The levels of cytokines in cell supernatants were quantitated using sandwich ELISA kits after incubation for 24h [13].

			Results

			Effect of JBP 485 on arthritis induced by monoclonal antibody to collagen plus LPS in mice

			[image: ]

			In order to confirm the anti-inflammatory activity of JBP 485 in acute-phase inflammation in vivo, an anti-CII mAbs plus LPS-induced mice paw edema experiment was conducted. As shown in Figure 2, the edema in hind paws appeared markedly after intravenous administration of anti-CII mAbs plus LPS in control group. The peak of edema was at the day 10 after administration of anti-CII mAbs. Compared with control, when 25mg/kg of JBP 485 was administered by oral administration for 3 consecutive days the edema in hind paws after intravenous administration of anti-CII mAbs was significantly inhibited. The difference in the effect from that of the control group was greatest at 5 d after anti-CII mAbs injection, and the inhibition percentage value of JBP 485 was 59.26%. Indomethacin (3mg/kg, p.o.), as a positive control, obviously suppressed the edema (P<0.01), with a largest inhibition percentage of 85.31% at 7d after mAbs injection.

			Effect of JBP 485 on DNBS-induced inflammatory bowel disease in rats
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			Table 1: Effect of JBP 485 on DNBS-induced colitis in rats. Blank control group was treated with vehicle alone while negative control group was treated with vehicle plus DNBS. Data represent the mean±SD for seven rats per group. **P <0.01 compared to the negative control group.
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			To reveal the effect of JBP 485 on inflammatory bowel disease, a DNBS-colitis rat model was established. As shown in Figure 3 and Table 1, JBP 485 (100 and 25mg/kg, p.o.) significantly decreased the colon-to-body weight ratio (P<0.01). The values were 0.65% and 0.59%, respectively. The lowest dose of JBP 485 (6.25mg/kg, p.o.) did not affect the value of the colon-to-body weight ratio (P>0.05). Sulfasalazine (300mg/kg, p.o.), as a positive control, markedly suppressed the colon-to-body weight ratio (P<0.01), with a value of 0.59%. The effect of 100mg/kg JBP 485 was similar with that of sulfasalazine. On day 7, the presence of diarrhea, adhesions between small intestine and the inflamed colon as well as colonic ulcer was noted. For the negative control group, diarrhea was noted in 4 out of 7 (57.1%) rats, adhesions were noted in 5 out of 7 (71.4%) rats and colonic ulcer was noted in 6 out of 7 (85.7%) rats killed 6 days after induction of colitis. The highest dose of JBP 485 (100mg/kg, p.o.) completely decreased the incidence of diarrhea (0 of 7 rats or 0%), adhesions (0 of 7 rats or 0%) and colonic ulcer (0 of 7 rats or 0%). Rats dosed with 25mg/kg and 6.25mg/kg of JBP 485 experienced a much lower incidence of diarrhea (1 of 7 rats or 14.3%, 1 of 7 rats or 14.3%, respectively), adhesions (0 of 7 rats or 0%, 1 of 7 rats or 14.3%, respectively) and colonic ulcer (2 of 7 rats or 28.6%, 3 of 7 rats or 42.9%, respectively) compared to vehicle-treated inflamed controls. Following treatment of rats with 300mg/kg of sulfasalazine, diarrhea, adhesions and colonic ulcer were observed in 0 of 7 rats (0%), 1 of 7 rats (14.3%) and 2 of 7 rats (28.6%), respectively (Figure 3 & Table 1).

			Cytotoxicity of JBP 485 in PBMNL

			To reveal the effect of JBP 485 on Con A or LPS-induced cytotoxicity in PBMNL, we examined the cytotoxicity of JBP 485 by a fluorometric assay method [14]. As a result, JBP 485 showed negligible cytotoxicity up to a concentration of 1000μM (Figure 4).
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			Effect of JBP 485 on inflammatory mediator release induced by concanavalin A or lipopolysaccharide from human leukocytes

			To examine whether JBP 485 inhibits the release of inflammatory mediator, the effects of JBP 485 on IL-1β, IL-6 and TNF-α releases induced by lipopolysaccharide as well as on INF-γ and IL-2 releases induced by concanavalin A from human leukocytes were observed. As shown in Figure 5, in the range of 1-1000 M, JBP 485 with negligible cytotoxicity (Figure 4) inhibited the releases of IL-1β, IL-6, IL-2, TNF-α and INF-γ in a concentration dependent manner and the inhibition effects for all inflammatory mediators were significantly different from control at 1000M (P<0.05). Dexamethason (0.01-1μM) treatment of DNBS-colitis rats as well resulted in a significant inhibition on the production of the cytokines mentioned above compared to DNBS-colitis control rats (P<0 .05).

			Discussion

			Our previous studies proved that JBP 485 can repair liver function after both oral and i.v. administrations. It can also exhibit an anti-hepatitis effect directly on cultured hepatocytes [5,6]. But the investigation of the anti-inflammatory effects of JBP 485 on experimental animal models of inflammation is not recorded previously. Firstly, we examined the effect of JBP 485 on arthritis induced by anti-CII mAbs plus LPS in mice in comparison with indomethacin, a COX-2 inhibitor. Anti-CII mAbs plus LPS-induced arthritis has many similarities with human arthritis [15], so we used this model to assess the anti-inflammatory effects of JBP 485. In this model of arthritis, the increase in volume of both hind paws of each mouse was measured and the inhibition percent of increased volume was calculated. Our data showed that JBP 485 significantly suppressed the increase of paw volume at a dose of 25mg/kg after oral administration. 25mg/kg/day of JBP 485 and 3mg/kg/day of indomethacin for 3 consecutive days resulted in the greatest inhibition of paw volume at 5d and 7d after anti-CII mAbs injection, respectively, compared with the vehicle treated group (Figure 2). Although human arthritis might not develop in a way identical to rodent arthritis, it is certain that TNF-α plays an important role in inflammation, cartilage damage and bone destruction in anti-CII mAbs plus LPS-induced arthritis [16,17]. TNF α as an important pro-inflammatory cytokine produced by lymphocytes and macrophages during acute inflammatory responses, acted a pivotal part in activation of inflammatory transcriptional factors [18]. Thornton et al. demonstrated that TNF-α mRNA was increased both in acute and in late phases, while IL-1β and IL-6 mRNA expression peaked at the acute stage of conventional collagen-induced arthritis [19]. They claimed that TNF-α had a role in promoting both the early and chronic stages of arthritis and IL-1β and IL-6 would be involved in the acute stage of the disease. Furthermore, for the response to anti-CII mAbs plus LPS, Shinohe et al. suggested that elevation of TNF-α mRNA occurred early in local sites of inflammation. Comparatively later, the expression of IL-1β and IL-6 mRNA were upregulated, leading to the progression of arthritis at the chronic stage [20]. Therefore, the effect of JBP 485 on inflammatory mediator release such as IL-1β, IL-6 and TNF-α should be determined hereafter. In the present study, the application of 1-1000M JBP 485 inhibited the releases of pro-inflammatory cytokines such as TNF-α, IL-1β and IL-6 from PBMNL in a concentration dependent manner and the inhibition effects for all inflammatory mediators were significantly different from control at 1000M (Figure 5).

			Next, we studied the effect of JBP 485 on DNBS-induced bowel disease in rats compared with sulfasalazine, a drug well known for anti-inflammatory bowel disease. The DNBS caused injury is more closely similar to human colitis in inflammation, histological and macroscopic damage score [21]. Our results demonstrated that the colon-to-body weight ratio was significant decreased after oral administration of JBP 485 compared to the negative control group (Figure 3 & Table 1). Surprisingly, 100mg/kg dose of JBP 485 showed almost comparable colon-to-body weight ratio reduction than 300mg/kg dose of sulfasalazine. Moreover, JBP 485 in any dose (6.25, 25 and 100mg/kg) significantly repaired the diarrhea, adhesions between the small intestine and inflamed colon as well as colonic ulcer in this experimental model of inflammatory bowel disease after oral administration (Figure 3 & Table 1).
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			Cytokines take a central part in the pathogenesis of inflammatory bowel disease. It has been reported that TNF-α is necessary for the promoting of DNBS colitis, as TNF-α-deficient mice revealed resistance to DNBS, and its over expression is related to more severe colitis in mice [22]. INF-γ is a vital pro-inflammatory cytokine with pleiotropic functions varying between augmentation of crucial histocompatibility complex expression, antiviral activity and stimulation of natural T and killer cells [23]. Khairy et al. [11] found that the levels of TNF-α and INF-γ were significantly higher in colitis rats compared with those of control rats [11]. It has been reported that pro-inflammatory cytokine IL-2 is involved in a number of inflammatory processes [24-26]. Any successful attempt to block this cytokine would prove to be therapeutically useful [27]. Previously, we demonstrated that immune-mediated liver damage could be prevented by JBP485, and that may be mainly due to the immunomodulatory effects of JBP 485 on T cells and adhesion molecules [7]. In this study, 1000M JBP 485 significantly inhibited the releases of cytokines such as TNF-α, IL-2 and INF-γ from PBMNL compared to DNBS-colitis control group (P<0 .05) (Figure 5). The detailed mechanism remains to be further elucidated. 

			Conclusion

			In conclusion, we firstly demonstrated that JBP 485 significantly inhibited the arthritis induced by anti-CII mAbs plus LPS after oral administration in mice. JBP 485 also suppressed colonic inflammation and apparently reduced tissue injury after oral administration in a rat model of DNBS-induced inflammatory bowel disease. Safety of JBP 485 was also verified by negligible cytotoxicity in PBMNL. Further this study, the mechanism of anti-inflammatory activity of JBP 485 should be investigated to further ascertain its applicability to clinical stages. 
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Figure 3: Effect of JBP 485 on inflammatory bowel disease
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Figure 2: Effect of JBP 485 in the anti-Cll mAbs plus LPS induced
arthritis test. The mice were administered JBP 485 (25mglkg,
p.0.), indomethacin (3mg/kg, p.o.) or distilled water once daily for
3 consecutive days. Hind paws edema was measured on days
5,7,10, 14 and 17. All data are represented as the means+SE
Compared with distilled water group: *P<0.05, **P<0.01
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Figure 4: Effect of JBP 485 on lipopolysaccharide (LPS)
or concanavalin A (Con A)induced cytotoxicity in human
peripheral blood mononuclear leukocytes (PBMNL). Al data are
represented as the meansSD (n=3). Decrease of 50 percent or
more in fluorescence intensity relative to vehicle (0.4% DMSO)
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Figure 5: A: Effect of dexamethason and B: JBP 485 on
inflammatory mediators release in lipopolysaccharide (LPS)
or concanavalin A (Con A)-stimulated human peripheral blood
mononuclear leukocytes. Significant differences from the DNBS-
colitis control group: *P<0.05
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