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History
The history of corticosteroids begins in the year of 1855 when 

Thomas Addison describes a “state of generalized languor, failure in 
the function of the heart, irritability in the stomach and changes of 
coloration in the skin”, initially called melanodermia and later called 
Addison’s disease, characterized by the lack of a substance produced in 
the adrenal glands [1].

Later in 1929 Thomas Hench discovered the presence of a 
substance that in pregnant women caused remission of the symptoms 
of Rheumatoid Arthritis by calling it substance X, acquiring until 
the 1930s the name of cortisone, given by Calvin Kendall because 
that substance came from the adrenal cortex, receiving both in 1950 
(Hench and Kendall) the Nobel Prize in Medicine for his findings in 
cortisone [2,3].

Chemical structure
In humans, all steroid hormones are derived from cholesterol. 

Cholesterol is in turn synthesized de novo from acetate (~90%) 
or obtained from the diet (~10%). The production of the steroids 
involves a number of precise modifications to the cholesterol structure, 
including attack at the 11, 16, 17, 18, 19, 20, and 21 positions, 
conversion of the 3-hydroxyl to a ketone, and isomerization of the 5-6 
double bond to the 4-5 position. The basic structure of most steroid 
hormones has three rings of six carbon atoms and one ring of five, 
the cyclopentanoperhydrophenanthrene nucleus. There is a chemical 
nomenclature for each steroid that uniquely denotes the structure 
for that compound. This nomenclature is based on describing the 
modifications to one of four possible backbones [4,5] (Figure 1). 

The differences between cholestane (which has 27 carbons), 
pregnane (which has 21 carbons), and androstane (which has 
19 carbons) are limited to the length of the side-chain at the 17β 
position. Estrane differs from androstane in that it lacks the 
19-methyl group [4,5].

In human endocrine physiology, there are three major classes of 
steroid hormones: glucocorticoids (GCs:Affect energy metabolism), 
mineralocorticoids (MCs: electrolyte.regulating activity), and the sex 
steroids (affect sexual development and reproductive functioning) [4,5] 
(Figure 2). 

Mechanisms of action

GCs are the most potent and effective drugs in the prevention and 
suppression of inflammation caused by mechanical, chemical, infectious 
and immunological stimuli. The mechanisms of action of steroids can 
be divided into mechanisms of genomic action and mechanisms of 
non-genomic action.

Genomic steroid action consists of direct regulation of gene 
transcription by ligand–receptor interaction or indirect modulation of 
coactivators. Biochemical effects (including side effects) of steroids may 
be categorized according to the various receptor types, i.e., androgen 
(hAR), estrogen, glucocorticoid (hGR), progesterone (hPR) and 
mineralcorticoid receptors [6,7].

These receptors act as transcription factors to regulate gene 
expression by recognizing palindromic hormone response elements 
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Figure 1. Basic structures of physiological steroids

Figure 2. Major classes of steroid hormones
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(HRE) at the DNA after homo- or heterodimerization of the ligand-
receptor complex. The activated receptor interacts with DNA and 
with other nuclear proteins, resulting in a change in the rate of mRNA 
transcription.  The genomic effects of steroids in general are slow, with 
persistence of effect for hours / months.

Non-genomic mechanisms are those that do not involve GR: 
They would occur at high concentrations of GC and would be the 
consequence of physicochemical interactions with the membrane 
cellular plasma and mitochondrial membrane.  Normally the non-
genomic effects are of rapid appearance and of short duration. 

One example of a nongenomic effect is the Acute behavioral changes 
induced by corticosteroids through a glycoprotein acid cytosolic 
receptor (protein G) that would modulate the speed of neuronal 
discharge or modify the reuptake extraneuronal neurotransmitter 
(transporter of cations).

The main anti-inflammatory effect of GCs is based on the 
inhibition of the genetic transcription of numerous genes that encode 
proinflammatory proteins, which include numerous cytokines 
-interleukins (IL). 1, 2, 3, 4, 5, 6, 11 and 13, the tumor necrosis factor 
alpha, the granulocyte and macrophage colony stimulating factor 
(GM-CSF) -, chemokines (IL-8, RANTES, monocyte chemotactic 
proteins 1, 2, 3 and 4, eotaxin), adhesion molecules (intracellular 
adhesion molecule 1, vascular cell adhesion molecule 1, E-selectin) 
and regulatory enzymes for the synthesis of mediators (inducible nitric 
oxide synthetase, cyclooxygenase 2, phospholipase A2.) This anti-
inflammatory effect is also through the synthesis of anti-inflammatory 
proteins, such as lipocortin 1, SLPI (serum leukoprotease inhibitor), IL-
10 or the antagonist of IL-1 receptors [6,7].

Other physiological effects in the use of glucocorticoids are 
the increase in blood glucose through the stimulation of liver 
gluconeogenesis, also Glucocorticoids enhances oxidation of fatty acids 
in cells and decrease the protein synthesis causing the decline of protein 
stores essential in all body cells clinically translated into growth slowing, 
skin atrophy, increased capillary fragility, bruisingvand striae, inhibits 
osteoblastic function (osteopenia),  increase blood pressure by a variety 
of mechanisms involving actions on the kidney and vasculature like 
reducing nitric oxide-mediated endothelial dilatation, raise intraocular 
pressure through an increase in aqueous humor production, suppress 
thyroid axis through a direct action on thyroid stimulating hormone 
secretion (TSH), decrease calciumabsorption from the gut and increase 

urinary calcium excretion, increase Renal excretion of urate, induce 
specific kinases for synthesis of phospholipids in the pregnant lung 
(surfactant) or  induce the synthesis of b2 adrenoceptors in bronchial 
smooth muscle (bronchodilation) [6,7].

Pharmacodinamy and pharmacokinetics

Systemically used GC are classified as short acting (S:6-12 hours), 
intermediate acting (I: 12-36 hours) and long acting (L: 36-73 hours) 
based on their duration of ACTH suppression and by their relative GC 
versus MC potency, these relative potencies of CS differ due to their 
affinity for the receptor [8,9] (Table 1). 

Glucocorticoids are active by any route of administration. Times 
at maximum concentration c(tmax) orally are reached around 90 min. 
In IM or IV route, the soluble esters (phosphate) are hydrolyze rapidly 
by tissue esterases or plasma levels, releasing the steroid with a t½ of 
10 min; by IM route the tmax is obtained between 15 and 30 min. Most 
glucocorticoids (except for hydrocortisone) bind albumin to a greater 
degree and while they keep their water-soluble ester they are free. Their 
apparent volumes of distribution (Vd) oscillate between 0.5 and 21/ kg. 
Glucocorticoids are eliminated by metabolism hepatic, so the fraction 
of excretion urinary active drug is less than 20%. All metabolites 
resulting are conjugated with glucuronic acid or with sulfate and are 
eliminated by renal or biliary [8,9].

Hypersensivity reactions

Broadly, hypersensitivity reactions to steroids are divided into two 
categories: immediate reactions (Urticaria, Anaphylaxis, bronchospasm, 
etc..) typically occurring within 1 h of drug administration, and delayed 
reactions (Contact Dermatitis, etc..), which occur more than an hour 
after drug administration. Of the types of Hypersensitivity Reactions 
to Steroids, Delayed Hypersensitivity Reactions (type IV) are much 
more frequent with an estimated incidence of Contact dermatitis to 
corticosteroids of 0.5–5%. These delayed hypersensitivity reactions 
occur more readily following topical exposure to corticosteroids than 
via other routes of administration [10-12]. In order of presentation, 
hypersensitivity reactions are more frequent to topical administration 
followed by intravenous administration and, to a lesser extent, inhaled 
and nasal administration [13].

While the presentation of immediate hypersensivity reactions has 
a lower prevalence calculated of 0.1-0.5%, being the risk factors more 

DRUG Oral A.B.
(%) Cmax Tmax (h) Vd  (l/kg) t½: (h) Protein Union 

(%)
Urinary 

Excretion (%) Duration Potency
GC/MC

Betametasone 90 80-115 1.5-2 1.2 6 64 5 L 35 0
Dexametasone 86 100-170 2 2 3-5 66-70 30-40 L 30 0
Deflazacort >80 132 2 1.5 2 40 18 I 2.8 0
Hidrocortisone 26-96 300 1 0.5 1-2 90 1 S 1 1
Prednisone 80 200 2.5 0.9 3.5 95 15 I 4 0.8
Prednisolone 82 460 1.5 0.6 3 90 15 I 4 0.8
Metilprednisolone 80-89 300 1-2 1.5 2-3 77 1 I 5 0.5
Triamcinolone 23 10-20 1-2 1.5 3.5 <50 15 I 5 0
Fludrocortisone 97 80-125 1.5 1 3.5 75 80 I 10 125
Parametasone 100 30-90 1.5 1 4 70 80 I 10 0
Beclometasone (I) 20 4.3 0.5-2 87 0.6 0
Budesonide (I) 11 3 15-2 88 1 0
Fluticasone (I) <1 3.7 3-7 90 1 0
Mometasone (I) <1 2.5 4.5 99 0.8 0

A..B. Absolute Bioavailability,  Cmax; Maximum serum concentration, tmax: Time during Cmax is reached. ; t½:Elimination half-life, vd: apparent volume of distribution, S:Short (6-12 
hrs),  I: Intermediate (12-36 hrs), L:Large (36-72hrs). (I): Inhalated

Table 1. Pharmacokinetic characteristics of glucocorticoids
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commonly associated the chronic use of steroids, high doses of steroids, 
hypersensitivity to NSAIDS and the most associated steroids are the 
hydrocortisone, prednisone and methylprednisolone [10-12].

Pathogenesis

Bundgaard has proposed a possible mechanism of allergy for non-
mediated IgE Reactions, which is at least partly due to a steroid-glyoxal,  
a degradation product of cortisol and hydrocortisone, with an aldehyde 
group in the C21 position easily forms Schiff bases with reactive 
carbonyl groups of lysine or arginine, in this way being responsible for 
irreversible bonding to the guanidinic groups of arginine, thus forming 
a stable hapten for the presentation of the steroid carbon rings to the 
body immune system [14,15].

Glyoxal or Ethanedial is a 2-carbon aldehyde with carbonyl groups 
on both carbons whose molecular formula is C2H2O2 or OHCCHO 
through the controlled oxidation of ethanol with nitric acid, is the 
simplest of the dialdehydes (two aldehyde groups) and can function like 
a hapten to drive a hypersensivity reaction, and this haptenized steroid, 
specially its rings estrcture can cause an immunological reaction in 
future re- exposures. [14,15] (Figure 3).

IgE Reactions may be induced by salts, such as succinate or rarely 
by certain diluents such as carboxymethylcellulose or metabisulfite. 
Succinate as an ingredient is more likely to have an allergic reaction 
compared to others such as sodium phosphate, because the succinate 
esters have greater solubility in water and high affinity for different 
serum proteins, which can lead to an IgE-mediated reaction and gives it 
an immunogenic role. Due to the structural similarity of the succinate 
(and to a lesser extent acetate) radicals to the steroid-glyoxal it is 
possible that these succinate radicals are able to mimic the ability of the 
steroid glyoxal to bind the arginine guanidine groups in the albumin 
of human serum in a more efficient way than acetate radicals. [14,15].

In the case of topic reactions, the most common antigen is cortisol 
which has low molecular weight and high lipofilicity, both charateristics 
for an ideal allergen, but at other times the reaction may be due to other 
constituents of the creams, such as neomycin or cetylesteryl alcohol 
[16,17].

The most common hypersensvity reactions to steroids are non-
mediated IgE reactions being mediated by direct activation of 
components of innate immune system (Mast cells, basophils, and the 
complement Cascade) [16,17].

Cross-reactivity

Along with the allergic reactions observed in specific steroids, it was 
evident that some patients reported positive results to patch tests for 
corticosteroids with which they had not previously been exposed. This 
indicated the existence of cross-reactivity among other corticosteroids  

In 1989 Coopman, et al.  [18,19] classified these drugs into four 
groups based on the results of the corticosteroid patch tests and their 
chemical structure and subsequently validated by Lepoittevin, et al. 
validated these classifications in 1995 by computational conformational 
analysis and Goossens, et al.  In 2000 based on skin patch test results 
obtained from a large cohort of corticosteroid allergic patients [20].

The groups of cross-reacting molecules are classified into:  Group A 
(hydrocortisone type: no substitution on the D ring except a short chain 
ester on C2 or a thioester on C21); Group B (triamcinolone acetonide 
type:  Acetonides.  C16, C17-cis-ketal or -diol structure), Group C 
(betamethasone type: Methylation on C16) and D (hydrocortisone-

17-butyrate type). Subsequently group D was subdivided into two 
groups (D1 and D2) depending on the presence or absence of a C16 
methyl substitution and/or halogenation at C9 of ring B. There is a 
high cross-reactivity between corticosteroids in each group, as well as 
between group D2 and groups A and B.  Hydrocortisone-17-butyrate 
from group D2 in the skin is enzymatically converted to hydrocortisone 
of group A.  In the same way other corticosteroids may generate 
cross-reactivity with group A, for example the  methyl-prednisolone 
aceonate of group D2 becomes subsequent to several enzymatic steps 
in methylprednisolone  (group  A)  and  the  prednicarbate  of  group  
D2  becomes  prednisolone  (also  of  group  A)  And corticosteroids  
from  the group D1 shows a minimal low cross-reactivity with the other  
groups [19,20] (Table 2).

Diagnosis
As in any Adverse Drug Reaction (ADR) the diagnosis is primarily 

clinical, demonstrating a temporal-causal relationship between the 
clinical reaction and the steroid, however to is of primary importance 
to differentiate between IgE mediated and non IgE mediated 
hypersensivity Reaction. Currently there are several diagnostic studies 
that can suppot the diagnosis of Steroid Allergy but unfortunately there 
are no standardized tests to confirm steroid allergies [21,22] (Figure 4). 

In the case of an Immediate IgE Hypersensivity Reaction, test in 
vitro with ImmunoCAP is only available for Dexamethasone and the 
sensitivity and specificity is unknown, skin testing can provide sufficient 
information for a diagnosis of corticosteroid-associated immediate 
hypersensitivity with a higher sensitivity and negative predictive value 
than in vitro test (Figure 4). 

In the case of Immediate non IgE Hypersensivity Reaction, the 
only available in vitro test is the Basophil Activation Test, while the 
Skin testing are not validated and lack specificity and sensitivity, so in 
cases of diagnostic suspicion the gold standard will be the Challenge 
Provocation Testing [21,22].

In the case of Delayed Hypersensivity Reactions, the diagnosis can 
be supported with positive patch test or test of cellular immunity such 

Figure 3. Glyoxal structure

Figure 4. Delayed Hypersensivity Reactions
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Group A B C D
D1 D2

Hydrocortisone type Triamcinolone acetonide 
type Betamethasone type hydrocortisone-17-butyrate 

type
hydrocortisone-17-butyrate 
type

Characteristics
No substitution on the D ring 
except a short chain ester on 
C21 or a thioester on C21

Acetonides Methylation on C16 Methylation on C16 and 
halogen substitution

No Methylation on C16 and 
no halogen substitution

Examples

Hydrocortisone 
Prednisolone
Methylperdnisolone
(and their respective 
esters, acetate,succinate, 
phosphate)
Prednisone
Fludrocortisone

Triamcinolone
Acetonide 
Fluocinonide 
Budesonide 
Halcinonide
Flunisolide

Betamethasone 
Dexamethasone
Fluocortolone
Desoximetasone
Paramethasone

Clobetasone-17-
(Butyrate, propionate) 
Beclomethasone 
(valorate, dipropionate)
Mometasona
Fluticasona

Hydrocortisone-17 
butyrate or propionate. 
Methylprednisolone
Aceponate. 

Structure

Cross reactivity
> Same Group
> D2
< D1

> Same Group
> D2
< D1

< Same Group > Same Group
< A, B, D2 > Same Group, A, B.

Table 2. Groups of cross-reacting molecules classification

as Lymphocyte Transformation Test (LTT) and in the same way of non 
IgE Reactions, in cases of diagnostic suspicion the gold standard will be 
the Challenge Provocation Testing.

Steroids allergy is not typically drug-specific and co-sensitizations 
or cross-reactivity between members of the same family are common. 
Therefore, it is recommended to study steroids by group of families 
based on Coopman (or ABCD) classification system, when a true 
hypersensivity reaction is presented in order to offer a therapeutic 
alternative [21,22].

Treatment
The main treatment consists of avoiding re-exposure to the 

causative drug and offering an alternative treatment by administering 
a steroid from a different structural group, considering group C of 
Coopman System Classification are the steroids with less allergenicity 
such as betamethasone and dexamethasone or a new order steroid 
like deflazacort, and only in case of no alternative of treatment to 
assess desensitization (currently cases of successful desensitization to 
dexamethasone, hydrocortisone, prednisone and methylprednisolone) 
[23,24].
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