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Bromelain, a mixture of proteases in pineapple rhizome, has beneficial biological properties. Following absorption, the

compound remains biologically active in mammalian blood and tissues. Bromelain has multiple clinical and therapeutic

applications because of its anti-arthritic activities.
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1. Introduction

Among musculoskeletal disorders, osteoarthritis (OA) and rheumatoid arthritis (RA) are the most common prevalent

disorders of the articular joints, and they cause disability and increase medical costs in elderly people. Proinflammatory

cytokine-induced inflammation is the hallmark of both OA and RA.

OA is a whole-joint disease resulting in alteration of the structure of hyaline cartilage, subchondral bone, ligaments,

capsules, synovial tissues, and periarticular muscles. Among proinflammatory cytokines, interleukin (IL)-1β participates in

the pathogenesis of OA by upregulating matrix-degrading degraded enzymes (matrix metalloproteinases (MMPs),

ADAMTS) and suppressing matrix molecules synthesis . RA is typified by chronic inflammation of the lining of the

joints with synovial inflammation and hyperplasia, hyaline cartilage degradation, bone destruction, and systemic features,

including cardiovascular, pulmonary, psychological, and skeletal disorders. Tumor necrosis factor (TNF)-α is a

proinflammatory cytokine plays a pivotal role in regulating the inflammatory response in RA .

Bromelain (EC 3.4.22.32), a proteolytic enzyme, was isolated from pineapple (Ananas comosus) rhizome. It has been

recognized as a safe therapeutic phytochemical that exhibits clinical applications including fibrinolytic, antiedematous,

antithrombotic, and anti-inflammatory effects . The anti-inflammatory effects of bromelain were previously reported in

pathological condition and cell types, such as the reduction of IL-1β, IL-6, and TNF-α secretion in immune cells  and

downregulation of TNF-α receptor in a rat colitis model . Meanwhile, IL-1β and TNF-α are the targets for OA and RA

treatment, respectively. Bromelain was previously examined in a series of case reports of moderate OA and RA . In OA,

the pain and inflammation were reduced by oral bromelain, trypsin, and rutin administration in patients with OA .

2. Cytotoxicity of Bromelain Extract in Porcine Chondrocytes and
Synovial Fibroblasts

Chondrocytes are the residence cells in cartilage, and they participate in OA pathogenesis. The cartilage explants model

has been thoroughly used to study the pathology and therapeutic treatment of OA. Chondrocyte lysis mediated by

bromelain extract was measured by lactate dehydrogenase (LDH) activity in culture medium. In this study, LDH activity

was represented by the LDH levels, and the results illustrated that 35 days of exposure to bromelain extract (1–100

µg/mL) did not significantly increase LDH secretion from chondrocytes in porcine cartilage versus the untreated control.

Meanwhile, LDH release was significantly higher following 30 mM H O  treatment (positive control) than in the untreated

group (Figure 1A) Thus, bromelain extract (1–100 µg/mL) did not damage chondrocytes in cartilage, making it useful for

generating a porcine cartilage explant model.
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Figure 1. Effect of bromelain extract on the release of glycosaminoglycan release and matrix uronic acid content in

porcine explants treated with cytokines (IL-1β/OSM) for 35 days. The culture medium was collected on days 0, 7, 14, 21,

28, and 35 from each group, and cartilage discs on day 35 were digested with 10 U of papain. The LDH activity in culture

medium (A) was analyzed to determine the toxicity of bromelain compared with H2O2 treatment. The levels of s-GAG (B),

HA (C), collagen released into culture medium (D), and uronic acid remaining in cartilage tissue (E) were measured and

calculated as the percent change versus control. Each value is expressed as the mean ± SD. # p < 0.05 compared with

control, * p < 0.05 compared with IL-1β treatment alone.

Synovial fibroblasts participate in RA pathogenesis. Synovial fibroblasts exposed to inflammatory cytokines trigger joint

inflammation and cartilage and bone destruction in RA . Human synovial sarcoma cells (SW982) were used to examine

the effects of bromelain on TNF-α–mediated inflammation in this study. This cell line is an alternative in vitro model for

studying the effects of anti-inflammatory drugs  and phytochemicals  on RA. The 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay was assessed to determine the cytotoxicity of bromelain extract in SW982 cells,

and the results illustrated that treatment with bromelain extract (1.25–200 µg/mL) for 24–72 h caused no significant

cytotoxic effects. The percent cell viability under all conditions relative to the control exceeded 80% (Figure 2A). Thus,

this range of bromelain concentrations was used for cell culture experiments.

Figure 2. Effect of bromelain extract on cytotoxicity and inflammatory gene expression. The cytotoxicity of bromelain

extract in SW982 cells was assessed by the MTT assay (A). The effects of bromelain on the gene expression of
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inflammatory cytokines were investigated by cotreatment with 10 ng/mL human recombinant TNF-α and bromelain extract

(10–40 µg/mL) for 4 h. The gene expression of IL-1β (B), TNF-α (C), IL-6 (D), and IL-8 (E) was measured by quantitative

RT-PCR. Each value is expressed as the mean ± SD. # p < 0.05 compared with control, * p < 0.05 compared with TNF-α

treatment alone.

3. Chondroprotective Effects of Bromelain Extract

IL-1β induces inflammation in OA, but an in vitro study previously demonstrated that IL-1β, alone, did not induce collagen

degradation . In arthritis, oncostatin M (OSM), a cytokine present in synovial fluid and joint tissue, synergizes the action

of other inflammatory cytokines (e.g., IL-1, TNF-α, IL-17, lipopolysaccharide (LPS)) . This cytokine participates in

inflammatory processes in bone, cartilage, lung, vesicular, and skin diseases . To induce inflammation in this study,

porcine cartilage discs were treated with IL-1β/OSM and cotreated with bromelain extract for 35 days. Cartilage explant

models are widely used to study the degenerative changes in cartilage tissue  and therapeutic mechanism . In

this model, the release of glycosaminoglycans (GAGs) from explants into the cultured medium and the low content of

uronic acid and collagen in cartilage explants reflect the induced cartilage degradation.

The sulfated glycosaminoglycan (s-GAG) level in the conditioned medium of IL-1β/OSM-treated cartilage explants was

significantly elevated in the early inflammatory stage between days 7 and 14 (Figure 1B) compared with the control level.

After cotreatment with bromelain extract (1–100 µg/mL) in the presence of IL-1β/OSM, the results illustrated that high

concentrations of bromelain extract (10 and 100 µg/mL) significantly decreased s-GAG release in the cultured medium on

days 7–21 compared with the findings in the IL-1β/OSM treatment group. IL-1β/OSM significantly increased the release of

hyaluronic acid (HA), the major non–s-GAG, in cultured medium on days 7, 14, and 21 (1.7-, 1.5-, and 1.4-fold,

respectively) compared with the control level, and high concentrations of bromelain extract (10–100 µg/mL) significantly

inhibited the release of HA on days 7–28 compared with the results in the IL-1β/OSM treatment group (Figure 1C).

The release of degraded collagen in culture medium was significantly higher in the IL-1β/OSM treatment group than in the

control group on days 21–35 (Figure 1D). Bromelain cotreatment (10–100 µg/mL) significantly decreased the release of

degraded collagen on days 28 and 35 compared with the findings in the IL-1β/OSM treatment group. On day 35, papain-

digested cartilage discs exhibited significantly decreased levels of uronic acid (approximately 40%), which influences

matrix GAG degradation, in the IL-1β/OSM treatment versus the control level. Upon cotreatment with bromelain extract

(100 µg/mL), the uronic acid level in porcine cartilage tissue was significantly higher than that in the IL-1β/OSM treatment

group (Figure 1E).

GAGs (s-GAG and HA) and collagen in cartilage matrix are degraded in response to IL-1β/OSM-induced MMP production

and activation . The reduction of IL-1β/OSM-mediated extracellular matrix degradation in the culture medium

indicated the chondroprotective property of bromelain extract. In addition, this chondroprotective effect was confirmed by

the higher cartilage uronic acid content in the presence of bromelain extract. In clinical trials, oral bromelain was

previously described as an analgesic and anti-inflammatory agent for OA and RA . Regarding the inflammatory

process, the effects of bromelain were reported to involve the reduction of prostaglandin E2 levels . This is the first

report to demonstrate the mechanism by which bromelain inhibits cartilage degradation in an ex vivo OA model.

4. Discussion

Oral administration of bromelain (12 g/day) can be absorbed with no side effects, and about 40% of the high molecular

weight molecules are found in blood circulation  Bromelain is absorbed via the human intestines in its intact form with a

half-life of approximately 6–9 h . The blood concentration of bromelain peaked 1 h after administration in prior research

. The proteolytic activity of bromelain was detected in plasma and was found in the bound form with antiproteinases (2-

macroglobulin and alpha1-antichymotrypsin) .

In previous research, bromelain extract from pineapple rhizome was characterized and revealed to exhibit protease

activity with a molecular weight of approximately 25–27 kDa . In this study, the HPLC profile illustrated that the

bromelain extract was identical to commercially available stem bromelain with protease activity and many beneficial

biological and pharmacological activities .

Regarding joint disease, oral bromelain administration significantly was demonstrated to decrease pain and stiffness in

patients with knee OA . The pharmacological mechanism of bromelain was reported as the analgesic influence on

bradykinin , which is a pain-producing substance. In addition, the reduction of pain was an indirect effect of anti-
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inflammatory actions such as the reduction of edema, debris, and immune responses. A clinical study demonstrated that

bromelain produced a significant to complete decrease in soft tissue swelling in patients with arthritic joint swelling .

A number of clinical trials also demonstrated that oral administration of bromelain is safe, and it has been used as a food

supplement and alternative to NSAIDs in patients with acute inflammation and sports injuries . The antiapoptotic and

anti-inflammatory effects of bromelain were demonstrated in primary canine  and chondrocyte cell line, SW1353 .

However, the molecular mechanism of bromelain in joint resident cells has not yet been reported.

The results of our study supported the anti-inflammatory effects of bromelain on OA and RA. In our OA model, bromelain

extract exerted chondroprotective effects against IL-1β by suppressing GAG and collagen degradation. Cartilage

extracellular matrix degradation is mediated by MMP overexpression and activation. The degraded molecules are

released from cartilage to synovial fluid in addition to the loss of the biological function of cartilage. The suppressive

effects of bromelain extract on IL-1β activity and porcine cartilage degradation demonstrated its potential benefits for OA

treatment. In an RA model, bromelain extract attenuated TNF-α–induced inflammatory cytokine expression by inhibiting

NF-κB and MAPK signaling. The inflammation in synovial fibroblasts is mediated by the TNF-α signaling pathway. The

release of proinflammatory cytokines from synovial fibroblasts potentiates the RA pathological process. The blockade of

TNF signaling is a clinically verified strategy for treating RA. The mechanism by which bromelain suppresses inflammation

in SW982 cells could explain the therapeutic effects of bromelain against RA.

The best biological materials for studying arthritic pathology are human cartilage and primary synovial fibroblasts.

Histological analysis of cartilage extracellular matrix molecules and MMPs in IL-1β–treated porcine cartilage tissue should

be performed for confirm the chondroprotective effect of bromelain. The protein expression of cytokines released from

SW982 cells should be analyzed to verify the anti-inflammatory effects of bromelain. To further investigate the antiarthritic

activity of bromelain, an in vivo study using an animal model and investigation of the expression of MMPs and cytokines

should be conducted. The findings in this study further support the safety, analgesic activity, and anti-inflammatory effects

of bromelain in the treatment of OA and RA.

References

1. Fernandes, J.C.; Martel-Pelletier, J.; Pelletier, J.P. The role of cytokines in osteoarthritis pathophysiology. Biorheology
2002, 39, 237–246.

2. Wojdasiewicz, P.; Poniatowski, Ł.A.; Szukiewicz, D. The role of inflammatory and anti-inflammatory cytokines in the
pathogenesis of osteoarthritis. Mediat. Inflamm. 2014, 2014, 561459.

3. Goldring, M.B.; Marcu, K.B. Cartilage homeostasis in health and rheumatic diseases. Arthritis Res. Ther. 2009, 11, 224.

4. Pavan, R.; Jain, S.; Shraddha; Kumar, A. Properties and therapeutic application of bromelain: A review. Biotechnol.
Res. Int. 2012, 2012, 976203.

5. Rathnavelu, V.; Alitheen, N.B.; Sohila, S.; Kanagesan, S.; Ramesh, R. Potential role of bromelain in clinical and
therapeutic applications. Biomed. Rep. 2016, 5, 283–288.

6. Onken, J.E.; Greer, P.K.; Calingaert, B.; Hale, L.P. Bromelain treatment decreases secretion of pro-inflammatory
cytokines and chemokines by colon biopsies in vitro. Clin. Immunol. 2008, 126, 345–352.

7. Zhou, Z.; Wang, L.; Feng, P.; Yin, L.; Wang, C.; Zhi, S.; Dong, J.; Wang, J.; Lin, Y.; Chen, D.; et al. Corrigendum:
Inhibition of epithelial TNF-α receptors by purified fruit bromelain ameliorates intestinal inflammation and barrier
dysfunction in colitis. Front. Immunol. 2017, 8, 1468.

8. Cohen, A.; Goldman, J. Bromelains therapy in rheumatoid arthritis. Pa. Med. J. 1964, 67, 27–30.

9. Akhtar, N.M.; Naseer, R.; Farooqi, A.Z.; Aziz, W.; Nazir, M. Oral enzyme combination versus diclofenac in the treatment
of osteoarthritis of the knee--a double-blind prospective randomized study. Clin. Rheumatol. 2004, 23, 410–415.

10. Huber, L.C.; Distler, O.; Tarner, I.; Gay, R.E.; Gay, S.; Pap, T. Synovial fibroblasts: Key players in rheumatoid arthritis.
Rheumatology 2006, 45, 669–675.

11. Chang, J.H.; Lee, K.J.; Kim, S.K.; Yoo, D.H.; Kang, T.Y. Validity of SW982 synovial cell line for studying the drugs
against rheumatoid arthritis in fluvastatin-induced apoptosis signaling model. Indian J. Med. Res. 2014, 139, 117–124.

12. Yamazaki, T.; Yokoyama, T.; Akatsu, H.; Tukiyama, T.; Tokiwa, T. Phenotypic characterization of a human synovial
sarcoma cell line, SW982, and its response to dexamethasone. Vitr. Cell. Dev. Biol. Anim. 2003, 39, 337–339.

[35]

[24]

[36] [37]



13. Khansai, M.; Phitak, T.; Klangjorhor, J.; Udomrak, S.; Fanhchaksai, K.; Pothacharoen, P.; Kongtawelert, P. Effects of
sesamin on primary human synovial fibroblasts and SW982 cell line induced by tumor necrosis factor-alpha as a
synovitis-like model. BMC Complement. Altern. Med. 2017, 17, 532.

14. Phitak, T.; Pothacharoen, P.; Settakorn, J.; Poompimol, W.; Caterson, B.; Kongtawelert, P. Chondroprotective and anti-
inflammatory effects of sesamin. Phytochemistry 2012, 80, 77–88.

15. Koshy, P.J.; Henderson, N.; Logan, C.; Life, P.F.; Cawston, T.E.; Rowan, A.D. Interleukin 17 induces cartilage collagen
breakdown: Novel synergistic effects in combination with proinflammatory cytokines. Ann. Rheum. Dis. 2002, 61, 704–
713.

16. Richards, C.D. The enigmatic cytokine oncostatin m and roles in disease. ISRN Inflamm. 2013, 2013, 512103.

17. Patwari, P.; Fay, J.; Cook, M.N.; Badger, A.M.; Kerin, A.J.; Lark, M.W.; Grodzinsky, A.J. In vitro models for investigation
of the effects of acute mechanical injury on cartilage. Clin. Orthop. Relat. Res. 2001, 391, S61–S71.

18. Quinn, T.M.; Hunziker, E.B.; Häuselmann, H.-J. Variation of cell and matrix morphologies in articular cartilage among
locations in the adult human knee. Osteoarthr. Cartil. 2005, 13, 672–678.

19. Phitak, T.; Boonmaleerat, K.; Pothacharoen, P.; Pruksakorn, D.; Kongtawelert, P. Leptin alone and in combination with
interleukin-1-beta induced cartilage degradation potentially inhibited by EPA and DHA. Connect. Tissue Res. 2018, 59,
316–331.

20. Wongwichai, T.; Teeyakasem, P.; Pruksakorn, D.; Kongtawelert, P.; Pothacharoen, P. Anthocyanins and metabolites
from purple rice inhibit IL-1β-induced matrix metalloproteinases expression in human articular chondrocytes through
the NF-κB and ERK/MAPK pathway. Biomed. Pharmacother. 2019, 112, 108610.

21. Lefebvre, V.; Peeters-Joris, C.; Vaes, G. Modulation by interleukin 1 and tumor necrosis factor alpha of production of
collagenase, tissue inhibitor of metalloproteinases and collagen types in differentiated and dedifferentiated articular
chondrocytes. Biochim. Biophys. Acta 1990, 1052, 366–378.

22. Mengshol, J.A.; Vincenti, M.P.; Coon, C.I.; Barchowsky, A.; Brinckerhoff, C.E. Interleukin-1 induction of collagenase 3
(matrix metalloproteinase 13) gene expression in chondrocytes requires p38, c-Jun N-terminal kinase, and nuclear
factor kappaB: Differential regulation of collagenase 1 and collagenase 3. Arthritis Rheum. 2000, 43, 801–811.

23. Tortorella, M.D.; Malfait, A.M.; Deccico, C.; Arner, E. The role of ADAM-TS4 (aggrecanase-1) and ADAM-TS5
(aggrecanase-2) in a model of cartilage degradation. Osteoarthr. Cartil. 2001, 9, 539–552.

24. Brien, S.; Lewith, G.; Walker, A.; Hicks, S.M.; Middleton, D. Bromelain as a treatment for osteoarthritis: A review of
clinical studies. Evid. Based Complement. Alternat. Med. 2004, 1, 251–257.

25. Tilwe, G.H.; Beria, S.; Turakhia, N.H.; Daftary, G.V.; Schiess, W. Efficacy and tolerability of oral enzyme therapy as
compared to diclofenac in active osteoarthrosis of knee joint: An open randomized controlled clinical trial. J. Assoc.
Physicians India 2001, 49, 617–621.

26. Gaspani, L.; Limiroli, E.; Ferrario, P.; Bianchi, M. In vivo and in vitro effects of bromelain on PGE(2) and SP
concentrations in the inflammatory exudate in rats. Pharmacology 2002, 65, 83–86.

27. Wali, N. Chapter 3.34—Pineapple (Ananas comosus). In Nonvitamin and Nonmineral Nutritional Supplements; Nabavi,
S.M., Silva, A.S., Eds.; Academic Press: Cambridge, MA, USA, 2019; pp. 367–373.

28. White, R.R.; Crawley, F.E.; Vellini, M.; Rovati, L.A. Bioavailability of 125I bromelain after oral administration to rats.
Biopharm. Drug Dispos. 1988, 9, 397–403.

29. Castell, J.V.; Friedrich, G.; Kuhn, C.S.; Poppe, G.E. Intestinal absorption of undegraded proteins in men: Presence of
bromelain in plasma after oral intake. Am. J. Physiol.-Gastrointest. Liver Physiol. 1997, 273, G139–G146.

30. Insuan, O.; Janchai, P.; Thongchuai, B.; Chaiwongsa, R.; Khamchun, S.; Saoin, S.; Insuan, W.; Pothacharoen, P.;
Apiwatanapiwat, W.; Boondaeng, A.; et al. Anti-inflammatory effect of pineapple rhizome bromelain through
downregulation of the NF-κB- and MAPKs-signaling pathways in lipopolysaccharide (LPS)-stimulated RAW264.7 cells.
Curr. Issues Mol. Biol. 2021, 43, 93–106.

31. Chakraborty, A.J.; Mitra, S.; Tallei, T.E.; Tareq, A.M.; Nainu, F.; Cicia, D.; Dhama, K.; Emran, T.B.; Simal-Gandara, J.;
Capasso, R. Bromelain a potential bioactive compound: A comprehensive overview from a pharmacological
perspective. Life 2021, 11, 317.

32. Walker, A.F.; Bundy, R.; Hicks, S.M.; Middleton, R.W. Bromelain reduces mild acute knee pain and improves well-being
in a dose-dependent fashion in an open study of otherwise healthy adults. Phytomedicine 2002, 9, 681–686.

33. Bodi, T. The effects of oral bromelains on tissue permeability to antibiotics and pain response to bradykinin: Double
blind studies on human subjects. Clin. Med. 1966, 73, 61–65.



34. Kumakura, S.; Yamashita, M.; Tsurufuji, S. Effect of bromelain on kaolin-induced inflammation in rats. Eur. J.
Pharmacol. 1988, 150, 295–301.

35. Grover, A.K.; Samson, S.E. Benefits of antioxidant supplements for knee osteoarthritis: Rationale and reality. Nutr. J.
2016, 15, 1.

36. Siengdee, P.; Nganvongpanit, K.; Pothacharoen, P.; Chomdej, S.; Mekchay, S.; Ong-Chai, S. Effects of bromelain on
cellular characteristics and expression of selected genes in canine in vitro chondrocyte culture. Vet. Med. 2010, 55,
551–560.

37. Bottega, R.; Persico, I.; De Seta, F.; Romano, F.; Di Lorenzo, G. Anti-inflammatory properties of a proprietary bromelain
extract (Bromeyal) after in vitro simulated gastrointestinal digestion. Int. J. Immunopathol. Pharmacol. 2021, 35,
20587384211034686.

Retrieved from https://encyclopedia.pub/entry/history/show/37592


