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Abstract

Glucocorticoids have been widely used for the treatment of inflammatory conditions but are associated with various side 
effects. C-21 mercapto derivatives, a class of dissociated steroids, have shown potential as anti-inflammatory agents with 
reduced side effects. In this study, QSAR (Quantitative Structure-Activity Relationship) analysis was performed on a series of 
19 C-21 mercapto hydrocortisone derivatives with IL-6 cytokine inhibition activities. Molecular descriptors were calculated 
using Alva descriptor software, and significant descriptors governing the activity were identified. Multiple linear regression 
analysis revealed statistically significant models, and the best two-variable model included spectral mean absolute deviation 
from reciprocal squared geometrical matrix (SpMAD_RG) and H autocorrelation of lag 3 weighted by i state (H3s). Internal and 
external validation confirmed the reliability of the models. The study suggests that these structural descriptors, particularly 
SpMAD_RG and H3s, play a crucial role in the activity prediction of C-21 mercapto derivatives. The findings contribute to the 
design of novel molecules in this class with improved therapeutic potential. 
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Abbreviation: GR: Glucocorticoid Receptor.

Introduction

Glucocorticoids (anti-inflammatory steroids) have been 
the gold standard treatment for both acute and chronic 
inflammatory diseases since their introduction to the 
market more than 60 years ago. Asthma, chronic obstructive 
pulmonary disease, rheumatoid arthritis, and countless more 
are among the many disorders that fall under this category. 
Since cortisone and hydrocortisone were discovered in 
1948 and 1951, respectively, the number of synthetic 
glucocorticoids has increased at a staggering rate. The 

success of using hydrocortisone to treat rheumatoid arthritis 
sparked a renewed interest in the potential of glucocorticoids 
for the treatment of other inflammatory illnesses. Weight 
gain, osteoporosis, and an increased risk of infection are just 
some of the negative side effects linked to glucocorticoids. 
Consider the potential benefits and drawbacks of utilising 
glucocorticoids as a therapeutic option [1-3].

Rheumatoid arthritis, psoriasis, and diabetes are only 
some of the inflammatory and metabolic illnesses that may 
benefit from treatment with C-21 mercapto derivatives. In 
animal models of disease, these chemicals have been proven 
to have strong anti-inflammatory properties, and early 
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clinical trials have revealed that they are effective and safe 
for human use as well. The discovery of Compound A (CpdA) 
in the early 2000s established the concept of dissociated 
steroids. We showed that CpdA selectively activates the 
transrepression pathway of the glucocorticoid receptor 
(GR), which is responsible for the anti-inflammatory 
effects of glucocorticoids, while sparing the transactivation 
pathway, which is responsible for the metabolic effects 
of glucocorticoids. The word “dissociation” was coined to 
describe this selective activation of the GR trans repression 
pathway, which has been advocated as a therapeutic method 
to lessen the negative effects of traditional glucocorticoids. 
The structure of CpdA has inspired the development of a new 
class of dissociated steroids called mercapto derivatives. 
The metabolic consequences of traditional glucocorticoids 
are avoided while these compounds exhibit strong anti-
inflammatory actions in vitro and in vivo. The steroid’s thiol 
group interacting with a specific cysteine residue in the GR 
ligand-binding region is assumed to be responsible for the 
receptor’s selectivity [4,5].

More research has led to molecules with stronger 
affinity for glucocorticoid receptors and more selectivity for 
progestrone and mineralocorticoids. However, they cause 
severe adverse effects, which eliminates the possibility of 
using them repeatedly. By altering their pharmacokinetic 
profile and route of administration, topical steroids like 
mometasone furoate have increased the therapeutic index of 
conventional glucocorticoids [6-16].

Materials and Methods

A series of 19 C-21 Mercapto hydrocortisone Derivatives 
with their IL-6 cytokine inhibition activities are selected 
from literature [17]. The molecular strutres of these 19 
hydrocortisone derivative are drawn using chemsketch 
software (ACD Labs) [18]. These molecular structures were 
further minimized using and these molecular structures 
were minimized using the MM994X force field. The molecular 
structures along with their inhibitory activity values are 
recorded in Table 1. 
 

Using the Alva descriptor software [19] total 5666 
molecular descriptors, including 0D, 1D, 2D and 3D 
descriptors, were calculated. Among all the 5666 descriptors 
only those descriptors are reported in Table 1 which are 
governing the activity values. The remaining descriptors 
which having constant, near constant, and descriptors with 
pair absolute correlation bigger than 0.95 were excluded by 
the Alva descriptor software [19] from hundreds of calculated 
descriptors. The most significant structural descriptors that 
are found to govern the activity of the compounds were as 
follows:

H3s = H autocorrelation of lag 3/ weighted by I-State
SpMAD_RG = spectral mean absolute deviation from 
reciprocal squared geometrical matrix

The QSAR analysis was further developed using these above 
descriptors.

Results and Discussion

The current dataset consisting 19 hydrocortisone 
derivatives are taken from literature Biju P, et al. [17] which 
inhibit IL-6 cytokine synthesis. All the 19 compounds are 
divided into two sets comprising of A training set and a test 
set. 14 compounds, or 75% of the total of 19 compounds, 
were selected as the training set by random selection and 
these compounds were used to develop the QSAR models. 
the remaining 25% of compounds, or 5 compounds are used 
as test set for evaluating the reliability of the developed 
QSAR model. The test set compounds are indicated with a “*” 
mark in Table 1.

A substantial correlation between IL-6 pIC50 and the 
computed descriptors of the molecules was established 
using MLR technique (multiple linear regression) on the 
training set compounds with the help of NCSS software [20]. 
The strongest correlation using two-variable model is given 
below.

pIC50 = –45.9313(±34.4047) SpMAD_RG +0.3499(±0.1328)
H3s+43.0452 (1)
N = 14, r2 = 0.8185, r2

adj = 0.7855, S = 0.2656, F = 24.8039, r2
cv 

= 0.7630, r2
pred = 0.9473, average r2

 𝑚 = 0.91, Δ𝑟2
𝑚 = 0.05.

In the above Eq. (1), the description and calculation 
procedure of these statistical parameters are same as 
reported in the previous studies [21-25]. The most significant 
one variable model is as below. 

pIC50 = 0.3805(±0.1657) H3s+3.9034 (2)
N = 14, r2 = 0.6760, r2

adj = 0.6491 S = 0.3397, F = 25.0425, r2
cv 

= 0.5842, r2
pred = 0.8214, average r2

m = 0.74, Δr2
m = 0.16.

Thus, from the above results, Eq. 1, and Eq. 2 both one 
and two variable models have a significant correlation 
between the inhibitory activity values and the structural 
descriptors of the compounds. We have also performed 
the internal and external validation of these models and 
calculated the validation parameters like r2

CV, r2
pred, average 

r2
m,,  Δr

2
m. It is well established that for an acceptable QSAR 

model, the value of “average 𝑟2
𝑚” should be >0.5, and “Δ𝑟2

𝑚” 
should be< 0.2. A close observation of these suggested two 
models suggested, eq. 1 and eq. 2, fulfilling the criteria of 
external validation. 
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We predicted the IL-6 pIC50 values, which are listed in 
Tables 2 using the acquired eq. 1 and given in Table 2. A 
graph between the predicted and observed activities for 
the training and test sets is drawn which are represented 
in Figures 1, for the above-mentioned models in eq. 1. 
This figure shows that the best two-variable model, shown 
in Figure 1, demonstrates that practically all the points, 
except for a few, lie close to the straight line. The statistical 
results above using Eq. 1 show that the two-variable model 
is the best model for estimating the activity of the current 
collection of molecules.

Conclusion

19 C-21 Mercapto hydrocortisone Derivatives with 

their IL-6 cytokine inhibition activities were used to create 
a QSAR model in this study. The models obtained through 
MLR analysis validated by internal and external validation, 
demonstrating that it is substantial, devoid of chance 
correlation, and capable of making accurate predictions. 
The model is sufficiently reliable to forecast the inhibition 
of novel, 17-HSD3 inhibitors of the target enzyme. The eq. 
1, also suggests that 3D matrix based descriptors especially 
spectral mean absolute deviation from reciprocal squared 
geometrical matrix (SpMAD_RG ) and H autocorrelation 
of lag 3 weighted by i state will play a major role while 
designing the novel molecules of C-21 Mercapto Derivatives. 
Furthermore, the H3s descriptor value must be as high as 
possible for better activity prediction. 

Compd. No. Molecular Structure Il-6 pIC50 SpMAD_RG H3s
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Table1: A Series of C-21 Mercapto Derivatives and Their Activity Values Used in the Present Study.

S. No. Status
pIC50 ΔpIC50 Pred. LOO

Obsd.
Cald. by Model Model 

eq. 1    
  Prediction 7.44 7.37 -0.07 -

       2.         Training 7.73 7.92 0.19 7.95
       3.         Training 7.46 7.48 0.02 7.49
       4.         Prediction 8.36 8.16 -0.2 -
       5.         Training 8.72 8.7 -0.02 8.69
       6.         Training 8.31 8.3 -0.01 8.29
       7.         Training 7.41 7.45 0.04 7.47
       8.         Training 7.8 7.75 -0.05 7.74
       9.         Training 8.55 8.56 0.01 8.57
     10.       Prediction 8.85 8.79 -0.06 -
     11.       Prediction 8.43 8.58 0.15 -
     12.       Training 8.66 8.82 0.16 8.89
     13.       Training 8.7 8.39 -0.31 8.36
     14.       Training 7.84 8.45 0.61 8.51
     15.       Training 8.01 7.92 -0.09 7.9
     16.       Training 9.05 8.65 -0.4 8.58
     17.       Training 9.12 9.22 0.1 9.27
     18.       Training 8.68 8.43 -0.25 8.39
     19.       Prediction 8.68 8.55 -0.13 -

Table2: Observed and Calculated pIC50 Values of One Variable Model.
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Figure 1: Correlation Between Observed and Calculated pIC50 Using eq. 1
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