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ABSTRACT
Dexamethasone is a corticosteroid fluorinated at position 9 used to treat endocrine, rheumatic, collagen,
dermatologic, allergic, ophthalmic, gastrointestinal, respiratory, hematologic, neoplastic, edematous and
other conditions. Developed in 1957, it is structurally similar to other corticosteroids like hydrocortisone
and prednisolone. Dexamethasone was granted FDA approval on 30th October 1958. In a press release for
the Randomized Evaluation of COVID-19 Therapy trial on 16th June 2020, dexamethasone was
recommended for use in COVID-19 patients with severe respiratory symptoms. Dexamethasone reduced
deaths by approximately one third in patients requiring ventilation and by one fifth in those requiring
oxygen. Dexamethasone stops two phases of inflammation and exerts both anti-inflammatory and
immunosuppressive effects. As dexamethasone is long-acting and has systematic effects, it is about 25times more potent than other synthetic corticosteroids. Glucocorticoids (a class of corticosteroids) are also
stronger than nonsteroidal anti-inflammatory drugs (NSAIDs) like ibuprofen or aspirin. Glucocorticoids
stop two phases- i.e., vasodilation and immune cells migration- of inflammation. In contrast, NSAIDs only
inhibit the vascular stage. Hence, dexamethasone is both anti-inflammatory and immunosuppressive.
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INTRODUCTION:
In March 2020, the World Health Organization (WHO) declared the COVID-19 outbreak a global
pandemic. COVID19 is caused by SARS-CoV-2, a variant of coronavirus. As of 10 April 2020, over
1,500,000 confirmed cases have been diagnosed in more than 130 countries and areas, resulting in about
93,000 fatalities thus far. Symptoms of infection are usually nonspecific, and include fever, cough, and
myalgia, with diarrhea, with or without the subsequent development of dyspnea. Severe cases that include
respiratory distress, sepsis, and septic shock have been increasingly reported.
During the SARS outbreak in 2003, corticosteroid therapy was used to reduce inflammatory-induced lung
injury. In Covid-19, too, many countries are investigating the effectiveness of corticosteroid therapy on
patients with an acute respiratory infection. Also, the World Health Organization (WHO) has prioritised
the evaluation of corticosteroids in clinical trials to assess safety and efficacy.
In interim guidelines on Covid-19 treatment released on May 27, the WHO has recommended “against the
routine of systematic corticosteroid” for treatment of viral pneumonia. It said a systematic review and
meta-analysis of the impact of corticosteroid therapy on persons with SARS-CoV-2, SARS-CoV and
MERS-CoV revealed corticosteroids did not significantly reduce the risk of death, did not reduce
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hospitalisation duration, ICU admission rate and/or use of mechanical ventilation, and had several adverse
effects.
Corticosteroids have also been investigated for respiratory syncytial virus (RSV) in clinical trials in
children with no conclusive evidence of benefit, and are therefore not recommended. Two recent
commentaries published in the Lancet between February and March 2020 reported that corticosteroids
should not be used for the treatment of COVID-19. However, these assumptions are mainly based on the
findings of the met analyses cited above, on disease caused by similar viruses, but not research on
COVID-19 specifically. We performed a rapid review of the literature to assimilate the current scientific
data on this topic.

What is Dexamethasone?
It is an anti-inflammatory drug, commonly used to treat conditions in which the body’s immune system
does not function properly, and causes inflammation and tissue damage. Dexamethasone reduces the
production of the chemicals that cause inflammation and also reduces the activity of the immune system
by affecting the way white blood cells function.
Dexamethasone falls in a category called corticosteroids, which closely mimic cortisol, the hormone
naturally produced by the adrenal glands in humans. It is commonly used in treatment for rheumatological
inflammatory conditions: inflammation of muscles, inflammation of blood vessels, chronic arthritis, and
lupus. It is used in lung diseases, kidney inflammation and eye inflammation, and to reduce swelling
associated with tumours of the brain and spine. In cancer patients, it is used to treat nausea and vomiting
caused by chemotherapy drugs.
LITERATURE REVIEW:
We searched Medline, Google Scholar and MedRxive for studies that included terms for inhaled
corticosteroids and COVID-19 and other related acute coronavirus respiratory tract infection. Google
Scholar citations were screened. After screening by title and abstract, 10-12 were considered relevant and
we were able to obtain full text articles for all but one and systematic review and their full text articles
screened by both authors (VG & MD)
PHARMACOLOGY:
As a glucocorticoid, dexamethasone is an agonist of the glucocorticoid receptor (GR). It has no
mineralocorticoid activity.

CLINICAL PHARMACOLOGY:
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Glucocorticoids, naturally occurring and synthetic, are adrenocortical steroids that are readily absorbed
from the gastrointestinal tract. Glucocorticoids cause varied metabolic effects. In addition, they modify the
body's immune responses to diverse stimuli. Naturally occurring glucocorticoids (hydrocorti-sone and
cortisone), which also have sodium-retaining properties, are used as replacement therapy in adrenocortical
deficiency states. Their synthetic analogs including dexamethasone are primarily used for their antiinflammatory effects in disorders of many organ systems.
At equipotent anti-inflammatory doses, dexamethasone almost completely lacks the sodium-retaining
property of hydrocortisone and closely related derivatives of hydrocortisone.

DRUG STRUCTURE AND CHEMISTRY:
Dexamethasone is a synthetic pregnane corticosteroid and derivative of cortisol (hydrocortisone) and is
also known as 1dehydro-9α-fluoro-16α methylhydrocortisone or as 9α-fluoro11β,17α,21-trihydroxy-16αmethylpregna1,4-diene-3,20-dione.

Figure No.1: Structure of Dexamethasone
SYNTHESIS:
To synthesize dexamethasone, 16βmethylprednisolone acetate is dehydrated to the 9,11-dehydro
derivative. This is then reacted with a source of hypobromite, such as basic N-bromosuccinimide, to form
the 9α-bromo-11β-hydrin derivative, which is then ring-closed to an epoxide. A ring-opening reaction with
hydrogen fluoride in tetrahydrofuran gives dexamethasone.
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Figure No.2: Synthesis of Dexamethasone

MECHANISM OF ACTION:
The short term effects of corticosteroids are decreased vasodilation and permeability of capillaries, as well
as decreased leukocyte migration to sites of inflammation. Corticosteroids binding to the glucocorticoid
receptor mediates changes in gene expression that lead to multiple downstream effects over hours to days.
Glucocorticoids inhibit neutrophil apoptosis and demargination; they inhibit phospholipase A2, which
decreases the formation of arachidonic acid derivatives; they inhibit NF-Kappa B and other inflammatory
transcription factors; they promote anti-inflammatory genes like interleukin-10. Lower doses of
corticosteroids provide an anti-inflammatory effect, while higher doses are immunosuppressive. High
doses of glucocorticoids for an extended period bind to the mineralocorticoid receptor, raising sodium
levels and decreasing potassium levels.
Corticosteroids diffuse across cell membranes and complex with specific cytoplasmic receptors. These
complexes then enter the cell nucleus, bind to DNA, and stimulate transcription of mRNA and subsequent
protein synthesis of enzymes ultimately responsible for anti-inflammatory effects of topical application of
corticosteroids to the eye. In high concentrations which may be achieved after topical application,
corticosteroids may exert direct membrane effects. Corticosteroids decrease cellular and fibrous exudation
and tissue infiltration, inhibit fibroblastic and collagen-forming activity, retard epithelial regeneration,
diminish post inflammatory neovascularization and reduce toward normal levels the excessive
permeability of inflamed capillaries.
Glucocorticoids are capable of suppressing the inflammatory process through numerous pathways. They
interact with specific intracellular receptor proteins in target tissues to alter the expression of
corticosteroid-responsive genes. Glucocorticoid-specific receptors in the cell cytoplasm bind with steroid
ligands to form hormone-receptor complexes that eventually translocate to the cell nucleus. There these
complexes bind to specific DNA sequences and alter their expression. The complexes may induce the
transcription of mRNA leading to synthesis of new proteins. Such proteins include lipocortin, a protein
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known to inhibit PLA2a and thereby block the synthesis of prostaglandins, leukotrienes, and PAF.
Glucocorticoids also inhibit the production of other mediators including AA metabolites such as COX,
cytokines, the interleukins, adhesion molecules, and enzymes such as collagenase.
Corticosteroids diffuse across cell membranes and complex with specific cytoplasmic receptors. These
complexes then enter the cell nucleus, bind to DNA (chromatin), and stimulate transcription of messenger
RNA (mRNA) and subsequent protein synthesis of various inhibitory enzymes responsible for the antiinflammatory effects of topical corticosteroids. These anti-inflammatory effects include inhibition of early
processes such as edema, fibrin deposition, capillary dilatation, movement of phagocytes into the area, and
phagocytic activities. Later processes, such as capillary production, collagen deposition, and keloid
formation also are inhibited by corticosteroids. The overall actions of topical corticosteroids are catabolic.

PHARMACODYNAMICS:
Corticosteroids bind to the glucocorticoid receptor, inhibiting pro-inflammatory signals, and promoting
anti-inflammatory signals. Dexamethasone's duration of action varies depending on the route.
Corticosteroids have a wide therapeutic window as patients may require doses that are multiples of what
the body naturally produces. Patient’s taking corticosteroids should be counselled regarding the risk of
hypothalamic-pituitary-adrenal axis suppression and increased susceptibility to infections.

MEDICAL USES:
Anti-inflammatory:
•

Dexamethasone is used to treat many inflammatory and autoimmune conditions, such as
rheumatoid arthritis and bronchospasm. Idiopathic thrombocytopenic purpura, a decrease in
numbers of platelets due to an immune problem, responds to 40 mg daily for four days; it may be
administered in 14-day cycles. It is unclear whether dexamethasone in this condition is
significantly better than other glucocorticoids.

•

It is also given in small amounts before and/or after some forms of dental surgery, such as the
extraction of the wisdom teeth, an operation which often leaves the patient with puffy, swollen
cheeks.

•

Dexamethasone is commonly given as a treatment for croup in children, as a single dose can
reduce the swelling of the airway to improve breathing and reduce discomfort.

•

It is injected into the heel when treating plantar fasciitis, sometimes in conjunction with
triamcinolone acetonide.
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•

It is useful to counteract allergic anaphylactic shock, if given in high doses.

•

It is present in certain eye drops particularly after eye surgery – and as a nasal spray, and certain
ear drops (can be combined with an antibiotic and an antifungal). Dexamethasone intravitreal
steroid implants have been approved by the FDA to treat ocular conditions such as diabetic
macular edema, vein occlusion, and central retinal uveitis.

•

Dexamethasone has also been used with antibiotics to treat acute endophthalmitis

•

Dexamethasone is used in trans venous screw-in cardiac pacing leads to minimize the
inflammatory response of the myocardium. The steroid is released into the myocardium as soon as
the screw is extended and can play a significant role in minimizing the acute pacing threshold due
to the reduction of inflammatory response. The typical quantity present in a lead tip is less than 1.0
mg.

•

Dexamethasone may be administered before antibiotics in cases of bacterial meningitis. It acts to
reduce the inflammatory response of the body to the bacteria killed by the antibiotics (bacterial
death releases proinflammatory mediators that can cause a response which is harmful), thus
reducing hearing loss and neurological damage.

Cancer:
•

People with cancer undergoing chemotherapy are often given dexamethasone to counteract certain
side effects of their antitumor treatments. Dexamethasone can increase the antiemetic effect of 5HT3 receptor antagonists, such as ondansetron. The exact mechanism of this interaction is not welldefined, but it has been theorized that this effect may be due to, among many other causes,
inhibition of prostaglandin synthesis, anti-inflammatory effects, immunosuppressive effects,
decreased release of endogenous opioids, or a combination of the aforementioned.

•

In brain tumors (primary or metastatic), dexamethasone is used to counteract the development of
edema, which could eventually compress other brain structures. It is also given in cord
compression, where a tumor is compressing the spinal cord.

•

Dexamethasone is also used as a direct chemotherapeutic agent in certain haematological
malignancies, especially in the treatment of multiple myeloma, in which dexamethasone is given
alone or in combination with other chemotherapeutic drugs, including most commonly with
thalidomide (Thal-dex), lenalidomide, bortezomib (Velcade, Vel-dex), or a combination of
doxorubicin (Adriamycin) and vincristine or dexamethasone.

Endocrine:
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Dexamethasone is the treatment for the very rare disorder of glucocorticoid resistance. In adrenal
insufficiency and Addison's disease, dexamethasone is prescribed when the patient does not
respond well to prednisone or methylprednisolone.

•

It can be used in congenital adrenal hyperplasia in older adolescents and adults to suppress ACTH
production. It is typically given at night.

Pregnancy:
•

Dexamethasone may be given to women at risk of delivering prematurely to promote maturation of
the fetus lungs. This administration, given from day to one week before delivery, has been
associated with low birth weight, although not with increased rates of neonatal death.

•

Dexamethasone has also been used during pregnancy as an off-label prenatal treatment for the
symptoms of congenital adrenal hyperplasia (CAH) in female babies. CAH causes a variety of
physical abnormalities, notably ambiguous genitalia. Early prenatal CAH treatment has been
shown to reduce some CAH symptoms, but it does not treat the underlying congenital disorder.
This use is controversial: it is inadequately studied, only around one in ten of the foetuses of
women treated are at risk of the condition, and serious adverse events have been documented.
Experimental use of dexamethasone in pregnancy for foetal CAH treatment was discontinued in
Sweden when one in five cases suffered adverse events.

•

A small clinical trial found long-term effects on verbal working memory among the small group of
children treated prenatally, but the small number of test subjects means the study cannot be
considered definitive.

High-altitude illnesses:
•

Dexamethasone is used in the treatment of high-altitude cerebral edema (HACE), as well as highaltitude pulmonary edema (HAPE). It is commonly carried on mountain-climbing expeditions to
help climbers deal with complications of altitude sickness.

Nausea and vomiting:
•

Intravenous dexamethasone is effective for prevention of nausea and vomiting in people who had
surgery and whose postoperative pain was treated with long-acting spinal or epidural spinal
opioids.

•

The combination of dexamethasone and a 5-HT3 receptor antagonist such as ondansetron is more
effective than a 5HT3 receptor antagonist alone in preventing postoperative nausea and vomiting.

•

Dexamethasone, when used as an anti emetic during surgery, does not appear to increase rates of
wound infection and it is unclear if it has an effect on wound healing.
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Sore throat:
•

A single dose of dexamethasone or another steroid speeds improvement of a sore throat.

CONTRAINDICATIONS:
Contraindications of dexamethasone include, but are not limited to:
•

Uncontrolled infections

•

Known hypersensitivity to dexamethasone

•

Cerebral malaria

•

Systemic fungal infection

•

Concurrent treatment with live viruses vaccines (including smallpox vaccine)

ADVERSE EFFECTS:
The exact incidence of the adverse effects of dexamethasone are not available, hence estimates have been
made as to the incidence of the adverse effects below based on the adverse effects of related
corticosteroids and on available documentation on dexamethasone.
Common:
•

Acne

•

Insomnia

•

Vertigo

•

Increased appetite

•

Weight gain

•

Impaired skin healing

•

Depression

•

Euphoria

•

Hypertension

•

Increased risk of infection

•

Raised intraocular pressure

•

Vomiting

•

Dyspepsia

•

Confusion

•

Amnesia
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Irritability

•

Nausea

•

Malaise

•

Headaches

•

Cataract (in cases of long-term treatment it occurs in about 10% of patients)
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Withdrawal:
Sudden withdrawal after long-term treatment with corticosteroids can lead to:
•

Adrenal insufficiency

•

Hypotension

•

Fever

•

Myalgia

•

Arthralgia

•

Rhinitis

•

Conjunctivitis

•

Painful itchy skin nodules

•

Weight loss

•

Death

DRUG INTERACTIONS:
Known drug interactions include:
•

Inducers of hepatic microsomal enzymes such as barbiturates, phenytoin, and rifampicin can
reduce the half-life of dexamethasone.

•

Cotreatment with oral contraceptives can increase its volume of distribution.

CONCLUSION:
This article provides valuable information regarding the safety and efficacy profile of Dexamethasone in
the management of COVID-19. It is more useful reference for the research scientist. Considering the low
cost, safety and efficacy criteria, easy availability of Dexamethasone should be prescribed to COVID-19
patients under medical supervision.
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