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Abstract

Therapy using corticosteroid in a patient of rheumatoid arthritis (RA ) has modernized the debate
of its risks and benefits. RA is a chronic clinical condition of inflammation leads to disability
and deformity by affecting joints as well as connective, muscle, tendons, and fibrous
tissue. In general, it tends to strike at the ages of 20 to 40. Treatment of RA using steroid has
recently been renewed. Evidences suggesting rapid effects as well as disease modifying
properties which of corticosteroids led it beneficial for the treatment of RA. Several attempts
have been made to optimize its clinical benefits using low doses, subsequent step down of doses
after high dose administration and limits its adverse effects also gives an interesting clue for the
scientists to reconsider it as drug for real life setting in RA. It potentially acts by
inhibition of inflammation though decrease in inflammatory mediators. Here we present recent
updates to exemplify the significant potential of glucocorticoids for the treatment of RA with the
special impact in terms of approaches of administration.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic condition of inflammation due to autoimmune defects. It
affects overall prevalence of 1%, which may rise up to 2% in older population. Now-a-days 30
out of 100000 patients are suffering from rheumatoid arthritis [1]. The prevalence of this disease
is 2-3 folds more in females of age group 40-60yr. The main hallmark of RA is synovial
inflammation, long term prognosis of disease is poor [2]. Severe pain, stiffness with swelling of
joints of hands, feet, knees in early stages are the characteristic features of RA [3, 4] RA
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commonly results in persistent synovitis, progressive joint destruction and ultimately alter the
quality of life of the patients [3]. The articular and extra- articular progressive nature of RA leads
to morbidity and mortality. Early symptoms of RA are nonspecific such as fatigue,
musculoskeletal pain and stiffness [5] later on, synovial membrane gets thickened and lead to
erosion of cartilages [6]. In RA, synovial membrane invades the joint and due to this joints get
swollen which further leads to pain during movement [7, 8]. As per American Rheumatism
Association morning stiffness develops to the individual which lasts for >1h for >6 weeks,
arthritis of at least 3-joint areas takes place. Further hand joints, symmetrical arthritis develops
and finally rheumatoid nodule followed by serum rheumatoid factor appears in the patients of
RA. At the end, physicians reporting about with radiographic changes in wrist and hands [9].
Etiology of RA in precise way is not clearly known but microbial agents, smoking, obesity, or
Schizophrenia ae causative factors for pathogenesis [10, 11]. Tyrosine phosphatase non-receptor
type 22 gene has been identified in RA patients[12, 13]. The association between antigen HLA-
DR4 and RA is much stronger, and is important in severe form of RA. Infectious agents linked to
RA such as Epstein-Barr virus (80%), parvovirus, mycobacteria have also been linked to RA
because of heat shock protein (HSP) that they express [14]. Various risk factors are used to
consider while understanding the etiology of RA. Whenever an antigen attack on synovial
membrane, production of cytokines causes activation of monocytes and macrophages [15].
Further, synovial fibroblast overproduces IL-1, IL-6 and TNF-a [16]. These mediators of
inflammation trigger signal transduction pathways followed by activation of transcription factors
e.g. matrix metalloproteinases (MMP’s) present in joints. These are also involved in cartilage
degradation and bone erosion [17]. Regular therapy of corticosteroids, non-steroidal anti-
inflammatory drugs (NSAIDs) and disease modifying anti-rheumatic drugs (DMARDSs) have
many disadvantages which involves reduction of solubility, permeability, bioavailability and
degradation of these drugs by the enzymes present in gastrointestinal system. These conventional
medicines also undergoes first pass metabolism, interaction with food, and cause toxicity to the
patients [3, 18-23]. Its treatment can be also provided using non conventional therapy which
includes superoxide dismutase (SOD), antisense oligodeoxynucleotides, boron neutron capture
therapy, and radioisotopes [3, 23]. Since remarkable advancement has been made in the medical
sciences as well as in pharmaceutical sciences for clinical treatment of RA but it was regularly
observed that long-term administration of anti-rheumatic drugs brings several adverse effects,
required high doses for satisfactory pain relief and increased frequency dosing. It results in
problems associated with major organ system like cardiovascular, hepatic and renal system.
Hence, this review will focus on therapy with the help of glucocorticoids which is known to
prevent RA in stepwise manner so that inflammatory process as well proliferative pathways can
be limited in RA.

Efficacy and achievements ratio of corticosteroids

Glucocorticoids (GC) therapy has increased by more than 30% over the last 20 years [24, 25] as
it is advantageous not only in RA but also in patients of asthma, and neoplastic state [24]. A
recent survey reported that its therapy provides potential benefits in controlling pain, are not
associated with worse results [26]. The misinterpretation regarding risk of corticosteroid can be
avoided if corticosteroids should be given according to treatment-specific guidelines [27]. GC
are responsible molecular as well as cellular effects. The known effects on GC can be illustrated
as mentioned in fig.1 [28-30]. GC causes followings effects on cells [31]:

Page |1561 Copyright © 2019Authors



THINK INDIA Journal

ISSN:0971-1260
Vol-22-Issue-16-August-2019

=

Level of eosinophils decreases at the site of inflammation.

2. Decrease in proliferation, protein synthesis, synthesis of metalloproteins and also
decrease in IL-6, IL-8, and GM-CSF due to action on fibroblasts.

3. Itincreases glycosaminoglycan and DNA synthesis on chondrocytes [29, 30, 32-67].
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Fig.1. impact of GC on cells

Note: MHC = major histocompatibility complex; ICAM-1 = intercellular adhesion molecule 1; ELAM-1 =
endothelial leukocyte adhesion molecule 1; TNF = tumor necrosis factor; IL-1 = interleukin-1; COX-2 =
cyclooxygenase 2; NF-kB = nuclear factor kB; IFNy = interferon-y; GM-CSF = granulocyte—macrophage
colony-stimulating factor; TIMP = tissue inhibitor of metalloproteinase; PIIINP = N-propeptide of type III
procollagen.

Why to give GC in RA?

Due to potent anti-inflammatory properties, GC relieve joint pain, swelling, stiffness and prevent
structural damage [68]. Long-term follow-up studies suggest that, GC therapy may positively
alter course of disease even after its discontinuation [69]. Many international guidelines
recommends using the lowest possible dose and duration of GC treatment [70]. Modified drug
delivery to improve the therapeutic index of glucocorticoids [3, 55] are also available.
Prednisolone are also available in Liposomes, Microspheres Prolonged release and Nanoparticles
like drug delivery system which makes them more tissue targeting [71], prolonged release [72]
and improved efficacy[73] respectively.

Formulations of corticosteroid

Table 1 and 2 indicates different formulations of glucocorticoids has been shown to lead in the
antiarthritic effect [3].

Table 1. Different formulation aspects of corticosteroids

Name of drug | Formulation type | Animals tested/route | Outcome | Reference
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of administration
Hydrocortisone | Multilamellar Rabbit (Intra- | Anti-inflammatory effect | [74]
liposomes articular) enhancement
Prednisolone PEG-liposomes Mice (Intravenous) Protection of cartilage [75]
phosphate
Methyl Nanoliposomes Beagle dog | More  encapsulation and | [76]
prednisolone (intravenous) increased therapeutic efficacy
hemisuccinate Lewis rat (Intravenous | Decrease in chemical | [77]
or mediator of inflammation,
Subcutaneous) decreases arthritis
Dexamethasone | Oligolamellar, Rabbit (intra articular) | Increase retention of drug at | [78]
phosphate multilamellar joints
vesicles
RGD-PEG Liposomes Lewis rat | Target vesicular endothelial [79]
(intravenous) sites
Non-PEGIlyated Rat (intravenous) Decreased joint swelling [80]
liposomes
Betamethasone | Nanoparticles Rats Prolonged release [81, 82]
Dexamethasone | With HPMA-copolymer | Male Lewis rats pH-sensitive drug release [82, 83]

In order to achieve antiarthritic effect, following parameters must be fulfilled by a delivery

system:

1. Sustained stabilization and extended bioavailability of the drug
2. Modification of the drug at molecular level
3. Availability of drug to the reach and released sites of inflammation with high specificity

efficacy and in controlled manner [82].

Table 2. Clinically and preclinically tested formulation of corticosteroids

Drugs Prepared Doses Clinically (CL) | Remarks Reference
formulation /preclinically tested (PCL)
Prednisone Modified release (2.5-10 mg/day) | CL Improvements in morning stiffness [84]
Delayed release CL ( No. of pateints = 375, [85]
144 for delayed release, 144
for immediate release)
Methyl Proliposomal Gel 1.Lewis rats = | PCL ( Ratsand Beagle dog) 94% encapsulation [76]
prednisolone 10 (mg/kg)
hemisuccinate 2.Beatle dog =
6.3 (mg/kg)
Dexamethasone | Intrasubcuta- 2.25 mg/kg PCL(Lewis Rats) Lower doses of corticosteroids may | [86]
neously be sufficient to suppress the
cytokines
Prednisone Modified release 5 mg/day CL(n=350) Low-dose MR prednisone added to | [87]
existing DMARD treatment
produced rapid and relevant
improvements in RA.

Safety: Drug interactions

Significant interactions between GC and other drugs provide an additional benefit. So that safety

criteria must be adopted while administrating these drugs. It is well documented that some drugs
reduce the systemic GC concentration which results in decrease in efficacy. They include:

1. At increased doses of aluminium/magnesium hydroxide causes decreased bioavalability

of prednisone by 30— 40%
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2. Anticonvulsant drugs (phenobarbital, phenytoin), increases the metabolism of GC [88-
95].
3. Rifampicin promotes the metabolism of synthetic GC. Rifampicin-induced adrenal crisis
in with patients receiving GC [88-95].
It is also reported that some drugs raise the systemic GC concentration. They are:

1. Some oral contraceptives [96, 97], antibiotics (erythromycin and troleandomycin) [98,
99], antifungal agents, particularly ketoconazole decrease GC metabolising enzymes
[100].

NSAIDs (indomethacin) and naproxen, increase GC concentrations[101]
3. GC may affect serum concentration, efficacy, or toxicity warfarin and salicylates [102,

103].

N

Conclusion

Monotherapy of corticosteroid should be avoided as they cause severe side effects but it is very
important to remember that the doses in which it is required to administer must be tapered to the
lowest possible level and can be given in combination with DMARDs. Hence, this review is
fulfilling the giant gap to utilize corticosteroids in treatment of RA.

REFERENCE

1. Garrood, T. and C. Pitzalis, Targeting the inflamed synovium: the quest for specificity. Arthritis &
Rheumatism, 2006. 54(4): p. 1055-1060.

2. Grassi, W., et al., The clinical features of rheumatoid arthritis. European journal of radiology,
1998. 27: p. S18-524.

3. Kapoor, B., et al., Application of liposomes in treatment of rheumatoid arthritis: Quo vadis. The
Scientific World Journal, 2014. 2014.

4, Thakur, S., et al., Novel drug delivery systems for NSAIDs in management of rheumatoid arthritis:
An overview. Biomedicine & Pharmacotherapy, 2018. 106: p. 1011-1023.

5. Brasington Jr, R.D., et al., 14. Immunologic rheumatic disorders. Journal of allergy and clinical
immunology, 2003. 111(2): p. S593-S601.

6. Russell, A., et al., Current and emerging therapies for rheumatoid arthritis, with a focus on

infliximab: clinical impact on joint damage and cost of care in Canada. Clinical therapeutics,
2001. 23(11): p. 1824-1838.

7. Bendele, A., Animal models of rheumatoid arthritis. ] Musculoskelet Neuronal Interact, 2001.
1(4): p. 377-385.

8. Bendele, A., Animal models of osteoarthritis. ] Musculoskelet Neuronal Interact, 2001. 1(4): p.
363-76.

9. van der Helm-van, A.H., M. Mil, and T.W. Huizinga, The Key to Early Rheumatoid Arthritis.

10. Sandhya, P., et al., Does the buck stop with the bugs?: an overview of microbial dysbiosis in
rheumatoid arthritis. International journal of rheumatic diseases, 2016. 19(1): p. 8-20.

11. Magyari, L., et al., Interleukins and interleukin receptors in rheumatoid arthritis: Research,

diagnostics and clinical implications. World journal of orthopedics, 2014. 5(4): p. 516.

12. Kouhpayeh, H., et al., R620W functional polymorphism of protein tyrosine phosphatase non-
receptor type 22 is not associated with pulmonary tuberculosis in Zahedan, southeast Iran.
Genet Mol Res, 2012. 11(2): p. 1075-81.

Page | 1564 Copyright © 2019Authors



THINK INDIA Journal

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

ISSN:0971-1260
Vol-22-Issue-16-August-2019

Ban, Y., et al.,, The codon 620 single nucleotide polymorphism of the protein tyrosine
phosphatase-22 gene does not contribute to autoimmune thyroid disease susceptibility in the
Japanese. Thyroid, 2005. 15(10): p. 1115-1118.

SINGH, A., et al., HEAT SHOCK PROTEINS: KNOWLEDGE SO FAR AND ITS FUTURE PROSPECTS.
pathways (upstream and downstream). 4: p. 5.

Nigrovic, P.A. and D.M. Lee, Mast cells in inflammatory arthritis. Arthritis Res Ther, 2004. 7(1): p.
1.

Asquith, D.L., et al., Animal models of rheumatoid arthritis. European journal of immunology,
2009. 39(8): p. 2040-2044.

Konigsberg, P.J., et al., Liposome encapsulated aurothiomalate reduces collagen-induced
arthritis in DBA/1J mice. Biochimica et Biophysica Acta (BBA)-Biomembranes, 1999. 1421(1): p.
149-162.

Massarotti, E.M., Clinical and patient-reported outcomes in clinical trials of abatacept in the
treatment of rheumatoid arthritis. Clinical therapeutics, 2008. 30(3): p. 429-442.

Curtis, J.R. and J.A. Singh, Use of biologics in rheumatoid arthritis: current and emerging
paradigms of care. Clinical therapeutics, 2011. 33(6): p. 679-707.

Larsen, A.T., et al., Oral bioavailability of cinnarizine in dogs: relation to SNEDDS droplet size,
drug solubility and in vitro precipitation. European Journal of Pharmaceutical Sciences, 2013.
48(1-2): p. 339-350.

Larsen, C., et al., Intra-articular depot formulation principles: Role in the management of
postoperative pain and arthritic disorders. Journal of pharmaceutical sciences, 2008. 97(11): p.
4622-4654.

van den Hoven, J.M., et al.,, Liposomal drug formulations in the treatment of rheumatoid
arthritis. Molecular pharmaceutics, 2011. 8(4): p. 1002-1015.

Chopra, D., et al., Use of liposomal drugs in the treatment of rheumatoid arthritis. Current
Rheumatology Reviews, 2008. 4(1): p. 63-70.

Fardet, L., |. Petersen, and |. Nazareth, Common infections in patients prescribed systemic
glucocorticoids in primary care: a population-based cohort study. PLoS Medicine, 2016. 13(5): p.
€1002024.

Caporali, R., et al., Oral low-dose glucocorticoids should be included in any recommendation for
the use of non-biologic and biologic disease-modifying antirheumatic drugs in the treatment of
rheumatoid arthritis. Neuroimmunomodulation, 2015. 22(1-2): p. 104-111.

Carnt, N., et al.,, The impact of topical corticosteroids used in conjunction with antiamoebic
therapy on the outcome of Acanthamoeba keratitis. Ophthalmology, 2016. 123(5): p. 984-990.
Agca, R., et al., EULAR recommendations for cardiovascular disease risk management in patients
with rheumatoid arthritis and other forms of inflammatory joint disorders: 2015/2016 update.
Annals of the rheumatic diseases, 2017. 76(1): p. 17-28.

Adcock, I., et al., Effects of glucocorticoids on transcription factor activation in human peripheral
blood mononuclear cells. American Journal of Physiology-Cell Physiology, 1995. 268(2): p. C331-
C33s.

Almawi, W.Y., et al., Regulation of cytokine and cytokine receptor expression by glucocorticoids.
Journal of Leukocyte Biology, 1996. 60(5): p. 563-572.

Amano, Y., S.\W. Lee, and A.C. Allison, Inhibition by glucocorticoids of the formation of
interleukin-1 alpha, interleukin-1 beta, and interleukin-6: mediation by decreased mRNA
stability. Molecular pharmacology, 1993. 43(2): p. 176-182.

Moreland, L.W. and J.R. O'dell, Glucocorticoids and rheumatoid arthritis: back to the future?
Arthritis & Rheumatism, 2002. 46(10): p. 2553-2563.

Page |1565 Copyright © 2019Authors



THINK INDIA Journal

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

ISSN:0971-1260
Vol-22-Issue-16-August-2019

Auphan, N., et al., Immunosuppression by glucocorticoids: inhibition of NF-kB activity through
induction of IkB synthesis. Science, 1995. 270(5234): p. 286-290.

Boss, B., et al., Influence of corticosteroids on neutrophils, lymphocytes, their subsets, and T-cell
activity markers in patients with active rheumatoid arthritis, compared to healthy controls.
Annals of the New York Academy of Sciences, 1999. 876(1): p. 198-200.

Cheng, S.L., et al., Regulation of avB83 and avB5 integrins by dexamethasone in normal human
osteoblastic cells. Journal of cellular biochemistry, 2000. 77(2): p. 265-276.

Cronstein, B.N., et al., A mechanism for the antiinflammatory effects of corticosteroids: the
glucocorticoid receptor regulates leukocyte adhesion to endothelial cells and expression of
endothelial-leukocyte adhesion molecule 1 and intercellular adhesion molecule 1. Proceedings of
the National Academy of Sciences, 1992. 89(21): p. 9991-9995.

FAUcl, A.S. and D.C. Dale, The effect of in vivo hydrocortisone on subpopulations of human
lymphocytes. The Journal of clinical investigation, 1974. 53(1): p. 240-246.

Fries, L., C. Brickman, and M. Frank, Monocyte receptors for the Fc portion of IgG increase in
number in autoimmune hemolytic anemia and other hemolytic states and are decreased by
glucocorticoid therapy. The Journal of Immunology, 1983. 131(3): p. 1240-1245.

Goulding, N., et al., Novel pathways for glucocorticoid effects on neutrophils in chronic
inflammation. Inflammation research, 1998. 47(3): p. 158-165.

Goulding, N., et al., Anti-inflammatory lipocortin 1 production by peripheral blood leucocytes in
response to hydrocortisone. The Lancet, 1990. 335(8703): p. 1416-1418.

Goulding, N.J., et al., Specific binding of lipocortin-1 (annexin 1) to monocytes and neutrophils is
decreased in rheumatoid arthritis. Arthritis & Rheumatism, 1992. 35(11): p. 1395-1397.

Guyre, P., et al., Glucocorticoid effects on the production and actions of immune cytokines.
Journal of steroid biochemistry, 1988. 30(1-6): p. 89-93.

Kern, J., et al., Dexamethasone inhibition of interleukin 1 beta production by human monocytes.
Posttranscriptional mechanisms. The Journal of clinical investigation, 1988. 81(1): p. 237-244.
Paliogianni, F., et al., Novel mechanism for inhibition of human T cells by glucocorticoids.
Glucocorticoids inhibit signal transduction through IL-2 receptor. The Journal of Immunology,
1993. 151(8): p. 4081-4089.

Rinehart, J.J., et al., Effects of corticosteroid therapy on human monocyte function. New England
Journal of Medicine, 1975. 292(5): p. 236-241.

Scheinman, R.l.,, et al.,, Role of transcriptional activation of IkBa in mediation of
immunosuppression by glucocorticoids. Science, 1995. 270(5234): p. 283-286.

Schleimer, R.P., et al., An assessment of the effects of glucocorticoids on degranulation,
chemotaxis, binding to vascular endothelium and formation of leukotriene B4 by purified human
neutrophils. Journal of Pharmacology and Experimental Therapeutics, 1989. 250(2): p. 598-605.
Sharif, M., et al., Changes in biochemical markers of joint tissue metabolism in a randomized
controlled trial of glucocorticoid in early rheumatoid arthritis. Arthritis & Rheumatism, 1998.
41(7): p. 1203-1209.

Youssef, P.P., et al., Neutrophil trafficking into inflamed joints in patients with rheumatoid
arthritis, and the effects of methylprednisolone. Arthritis & Rheumatism: Official Journal of the
American College of Rheumatology, 1996. 39(2): p. 216-225.

Youssef, P.P., et al., Effects of pulse methylprednisolone on cell adhesion molecules in the
synovial membrane in rheumatoid arthritis. Reduced E-selectin and intercellular adhesion
molecule 1 expression. Arthritis & Rheumatism, 1996. 39(12): p. 1970-1979.

Flower, R. and G. Blackwell, Anti-inflammatory steroids induce biosynthesis of a phospholipase
A2 inhibitor which prevents prostaglandin generation. Nature, 1979. 278(5703): p. 456.

Page | 1566 Copyright © 2019Authors



THINK INDIA Journal

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

ISSN:0971-1260
Vol-22-Issue-16-August-2019

Blackwell, G.J., et al., Macrocortin: a polypeptide causing the anti-phospholipase effect of
glucocorticoids. Nature, 1980. 287(5778): p. 147.

Bloemena, E., S. Weinreich, and P.T.A. Schellekens, The influence of prednisolone on the
recirculation of peripheral blood lymphocytes in vivo. Clinical & Experimental Immunology, 1990.
80(3): p. 460-466.

Ramdas, J. and J.M. Harmon, Glucocorticoid-induced apoptosis and regulation of NF-kB activity
in human leukemic T cells. Endocrinology, 1998. 139(9): p. 3813-3821.

Gillis, S., G.R. Crabtree, and K.A. Smith, Glucocorticoid-induced inhibition of T cell growth factor
production: . The effect on mitogen-induced lymphocyte proliferation. The Journal of
Immunology, 1979. 123(4): p. 1624-1631.

Boumpas, D.T., et al., Glucocorticoid therapy for immune-mediated diseases: basic and clinical
correlates. Annals of internal medicine, 1993. 119(12): p. 1198-1208.

Emkey, R.D., et al., The systemic effect of intraarticular administration of corticosteroid on
markers of bone formation and bone resorption in patients with rheumatoid arthritis. Arthritis &
Rheumatism: Official Journal of the American College of Rheumatology, 1996. 39(2): p. 277-282.

Fauci, A., Mechanisms of corticosteroid action on lymphocyte subpopulations. Il. Differential
effects of in vivo hydrocortisone, prednisone and dexamethasone on in vitro expression of
lymphocyte function. Clinical and experimental immunology, 1976. 24(1): p. 54.

MacADAMS, M.R., R.H. White, and B.E. Chipps, Reduction of serum testosterone levels during
chronic glucocorticoid therapy. Annals of internal medicine, 1986. 104(5): p. 648-651.

Ray, A., K.S. LaForge, and P.B. Sehgal, On the mechanism for efficient repression of the
interleukin-6 promoter by glucocorticoids: enhancer, TATA box, and RNA start site (Inr motif)
occlusion. Molecular and cellular biology, 1990. 10(11): p. 5736-5746.

Werb, Z., Biochemical actions of glucocorticoids on macrophages in culture. Specific inhibition of
elastase, collagenase, and plasminogen activator secretion and effects on other metabolic
functions. Journal of Experimental Medicine, 1978. 147(6): p. 1695-1712.

Youssef, P.P., et al., Effects of pulse methylprednisolone on inflammatory mediators in peripheral
blood, synovial fluid, and synovial membrane in rheumatoid arthritis. Arthritis & Rheumatism,
1997. 40(8): p. 1400-1408.

Olefsky, J.M. and G. Kimmerling, Effects of glucocorticoids on carbohydrate metabolism. The
American journal of the medical sciences, 1976. 271(2): p. 202-210.

Gottlicher, M., S. Heck, and P. Herrlich, Transcriptional cross-talk, the second mode of steroid
hormone receptor action. Journal of Molecular Medicine, 1998. 76(7): p. 480-489.

ZHANG, G., L. ZHANG, and G.W. DUFF, A negative regulatory region containing a
glucocorticosteroid response element (nGRE) in the human interleukin-16 gene. DNA and cell
biology, 1997. 16(2): p. 145-152.

Evans, R.M., The steroid and thyroid hormone receptor superfamily. Science, 1988. 240(4854): p.
889-895.

Firestein, G.S. and A.M. Manning, Signal transduction and transcription factors in rheumatic
disease. Arthritis & Rheumatism: Official Journal of the American College of Rheumatology,
1999. 42(4): p. 609-621.

Vishwanath, B.S., et al., Adrenalectomy decreases lipocortin-I messenger ribonucleic acid and
tissue protein content in rats. Endocrinology, 1992. 130(2): p. 585-591.

Black, R.J., et al., Half of UK patients with rheumatoid arthritis are prescribed oral glucocorticoid
therapy in primary care: a retrospective drug utilisation study. Arthritis research & therapy,
2015. 17(1): p. 375.

Page |1567 Copyright © 2019Authors



THINK INDIA Journal

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

ISSN:0971-1260
Vol-22-Issue-16-August-2019

Cutolo, M., et al., The supplementary therapeutic DMARD role of low-dose glucocorticoids in
rheumatoid arthritis. Arthritis research & therapy, 2014. 16(2): p. S1.

Black, R.J., et al., Factors associated with oral glucocorticoid use in patients with rheumatoid
arthritis: a drug use study from a prospective national biologics registry. Arthritis research &
therapy, 2017. 19(1): p. 253.

Harigai, T., et al., Prednisolone phosphate-containing TRX-20 liposomes inhibit cytokine and
chemokine production in human fibroblast-like synovial cells: a novel approach to rheumatoid
arthritis therapy. Journal of pharmacy and pharmacology, 2007. 59(1): p. 137-143.

Khaled, K.A., et al., Prednisolone-loaded PLGA microspheres. in vitro characterization and in vivo
application in adjuvant-induced arthritis in mice. Aaps Pharmscitech, 2010. 11(2): p. 859-869.
Hwang, J., et al., a-Methylprednisolone conjugated cyclodextrin polymer-based nanoparticles for
rheumatoid arthritis therapy. International journal of nanomedicine, 2008. 3(3): p. 359.
Davidenkova, E., et al., Relationship between prolongation of antiinflammatory activity of
hydrocortisone incorporated into liposomes and their lipid composition in experimental arthritis.
Bulletin of Experimental Biology and Medicine, 1984. 97(6): p. 716-718.

Metselaar, J., et al., Liposomal targeting of glucocorticoids to synovial lining cells strongly
increases therapeutic benefit in collagen type Il arthritis. Annals of the rheumatic diseases, 2004.
63(4): p. 348-353.

Avnir, Y., et al., Amphipathic weak acid glucocorticoid prodrugs remote-loaded into sterically
stabilized nanoliposomes evaluated in arthritic rats and in a Beagle dog: A novel approach to
treating autoimmune arthritis. Arthritis & Rheumatism, 2008. 58(1): p. 119-129.

Ulmansky, R., et al., Glucocorticoids in nano-liposomes administered intravenously and
subcutaneously to adjuvant arthritis rats are superior to the free drugs in suppressing arthritis
and inflammatory cytokines. Journal of controlled release, 2012. 160(2): p. 299-305.

Bonanomi, M., M. Velvart, and H. Weder, Fate of different kinds of liposomes containing
dexamethasone palmitate after intra-articular injection into rabbit joints. Journal of
microencapsulation, 1987. 4(3): p. 189-200.

Koning, G.A., et al., Targeting of angiogenic endothelial cells at sites of inflammation by
dexamethasone phosphate—containing RGD peptide liposomes inhibits experimental arthritis.
Arthritis & Rheumatism, 2006. 54(4): p. 1198-1208.

Rauchhaus, U., et al., Targeted delivery of liposomal dexamethasone phosphate to the spleen
provides a persistent therapeutic effect in rat antigen-induced arthritis. Annals of the rheumatic
diseases, 2009. 68(12): p. 1933-1934.

Higaki, M., et al., Treatment of experimental arthritis with poly (D, L-lactic/glycolic acid)
nanoparticles encapsulating betamethasone sodium phosphate. Annals of the rheumatic
diseases, 2005. 64(8): p. 1132-1136.

Tarner, I.H. and U. Miiller-Ladner, Drug delivery systems for the treatment of rheumatoid
arthritis. Expert opinion on drug delivery, 2008. 5(9): p. 1027-1037.

Wang, D., et al., Novel dexamethasone-HPMA copolymer conjugate and its potential application
in treatment of rheumatoid arthritis. Arthritis research & therapy, 2007. 9(1): p. R2.

Alten, R., Chronotherapy with modified-release prednisone in patients with rheumatoid arthritis.
Expert review of clinical immunology, 2012. 8(2): p. 123-133.

Alten, R., et al., Morning stiffness response with delayed-release prednisone after ineffective
course of immediate-release prednisone. Scandinavian journal of rheumatology, 2015. 44(5): p.
354-358.

Earp, J.C., et al., Modeling corticosteroid effects in a rat model of rheumatoid arthritis Il:
mechanistic pharmacodynamic model for dexamethasone effects in Lewis rats with collagen-

Page | 1568 Copyright © 2019Authors



THINK INDIA Journal

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

ISSN:0971-1260
Vol-22-Issue-16-August-2019

induced arthritis. Journal of Pharmacology and Experimental Therapeutics, 2008. 326(2): p. 546-
554,

Buttgereit, F., et al., Low-dose prednisone chronotherapy for rheumatoid arthritis: a randomised
clinical trial (CAPRA-2). Annals of the rheumatic diseases, 2013. 72(2): p. 204-210.

Tanner, A, et al., Concurrent administration of antacids and prednisone: effect on serum levels
of prednisolone. British journal of clinical pharmacology, 1979. 7(4): p. 397-400.

Uribe, M., et al., Decreased bioavailability of prednisone due to antacids in patients with chronic
active liver disease and in healthy volunteers. Gastroenterology, 1981. 80(4): p. 661-665.

Brooks, S.M., et al., Adverse effects of phenobarbital on corticosteroid metabolism in patients
with bronchial asthma. New England Journal of Medicine, 1972. 286(21): p. 1125-1128.

Evans, P., et al., Anticonvulsant therapy and cortisol elimination. British journal of clinical
pharmacology, 1985. 20(2): p. 129-132.

FREY, B.M. and F.J. FREY, Phenytoin modulates the pharmacokinetics of prednisolone and the
pharmacodynamics of prednisolone as assessed by the inhibition of the mixed lymphocyte
reaction in humans. European journal of clinical investigation, 1984. 14(1): p. 1-6.

Frey, F. and B. Frey, Urinary 6 beta-hydroxyprednisolone excretion indicates enhanced
prednisolone catabolism. The Journal of laboratory and clinical medicine, 1983. 101(4): p. 593-
604.

Petereit, L.B. and A.W. Meikle, Effectiveness of prednisolone during phenytoin therapy. Clinical
Pharmacology & Therapeutics, 1977. 22(6): p. 912-916.

STIERNHOLM, M.R. and F.H. KATZ, Effects of diphenylhydantoin, phenobarbital, and diazepam
on the metabolism of methylprednisolone and its sodium succinate. The Journal of Clinical
Endocrinology & Metabolism, 1975. 41(5): p. 887-893.

Boekenoogen, S.J., S.J. Szefler, and W.J. Jusko, Prednisolone disposition and protein binding in
oral contraceptive users. The Journal of Clinical Endocrinology & Metabolism, 1983. 56(4): p.
702-709.

Frey, B., H. Schaad, and F. Frey, Pharmacokinetic interaction of contraceptive steroids with
prednisone and prednisolone. European journal of clinical pharmacology, 1984. 26(4): p. 505-
511.

Szefler, S.J., et al., Dose-and time-related effect of troleandomycin on methylprednisolone
elimination. Clinical Pharmacology & Therapeutics, 1982. 32(2): p. 166-171.

LaForce, C.F., et al., Inhibition of methylprednisolone elimination in the presence of erythromycin
therapy. Journal of Allergy and Clinical Immunology, 1983. 72(1): p. 34-39.

Yamashita, S.K., et al., Lack of pharmacokinetic and pharmacodynamic interactions between
ketoconazole and prednisolone. Clinical Pharmacology & Therapeutics, 1991. 49(5): p. 558-570.
Rae, S., et al., Alteration of plasma prednisolone levels by indomethacin and naproxen. British
journal of clinical pharmacology, 1982. 14(3): p. 459-461.

Da Silva, J.A., et al., Safety of low dose glucocorticoid treatment in rheumatoid arthritis:
published evidence and prospective trial data. Annals of the rheumatic diseases, 2006. 65(3): p.
285-293.

Pereira da Silva, J., et al., Safety of low dose glucocorticoid treatment in rheumatoid arthritis:
published evidence and prospective trial data. 2006.

Page |1569 Copyright © 2019Authors



