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Abstract
Most pharmaceutical companies have access to many untested libraries of compounds. Virtual in silico testing of these large li-

braries are limited to the quality of known data and even then, would fail to discover new classes of compounds. Therefore, testing 
in vitro in the laboratory is still very important. However, the cost of screening large libraries for existing and new biological target 
or properties may not be cost effective without initial leads. The aim of this study was to evaluate 90 steroidal compounds, utilizing 
various rapid and relatively cheap spectrophotometric testing methods. The assays used were to detect antioxidant, antifungal and 
inhibition activity of CYP3A4 by using 96-well microplate methods. The rationale for choosing these assays was that steroids are 
known to possess such activities and that the library of steroids used have quite variable structures. This may find new or enhanced 
potencies for these targets. The methods used was the ABTS and DPPH antioxidant assays, antimicrobial zone of inhibition testing 
on agar, and inhibition screening using CYP3A4 with the fluorescent substrate DBF. The main observations from the study were that 
several of the compounds possessed relative activities. Antioxidant assays both using ABTS and DPPH found 2 - 3 compounds with 
parity or better antioxidant activity (compounds 51, 77 and 81) than the control Trolox. Having a few exceptions, most of the test 
compounds had some scavenging antioxidant activity. For antifungal activity via yeast growth inhibition (compounds 80- and 86-
mm zones of inhibition). CYP3A4 inhibition IC50 values were (56.20, 710.9, 337536, 201.3, 458.9, 10.53, 160.1, and the control IC50 
ketoconazole was found to be less than 3.125 μM). These initial findings suggest that the above shortlisted steroidal samples may 
have in vivo activities as antioxidants, antifungal agents and as agents of drug-drug interactions via CYP3A4. The next step would be 
to obtain further analogues of the shortlist to see if potency can be increased and ideally full structural-activity relationships can be 
obtained to improve in silico testing. It is worthy to note that many of these compounds have limited solubility in the mostly aqueous 
assay conditions further conjugation with salts may also improve potencies. 
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Abbreviations
ABTS: 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); 
DPPH: 2,2-diphenyl-1-picrylhydrazyl; CYP3A4: Cytochrome P450 
3A4; IC50: Inhibitory Concentration; ROS: Reactive Oxygen Species; 
PBS: Phosphate-Buffered Saline

Introduction

Steroids 

Steroids have served a great variety of uses. The word steroid 
applies to a huge range of molecules that relates to a branch of 

biology that manages the usual functions of life form effects. The 
Anabolic steroids are synthetic derivatives of testosterone that are 
changed to increase the anabolic instead of the androgenic activity 
of the hormone, Catabolic steroids are also part of the body’s reac-
tion to stress, these steroids assist in breaking down huge chemi-
cals into a small scale [1].

Natural steroids 

The natural steroids are organic compounds are not chemically 
modified, they are associated with a broad range of processes such 
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as protein catabolism, stress response, carbohydrate metabolism 
and balancing of inflammation and behavior [2]. These include, 
Testosterone which is important in the growth of male reproduc-
tive tissues [3], Progesterone is a hormone that is fundamental for 
correlating mammalian female reproductive system [4] and Estro-
gen is also important for the regulation of the female reproductive 
system. In addition, it is regarded to be carcinogenic. One of the 
forms, include b estradiol being a major estrogen. This is important 
in medical and environmental estrogen testing [5]. 

Image 1: Molecular structure of Testosterone (a), b-Estradiol  
(b) and Progesterone (c) (Bergwerf, 2018). 

Reactive oxygen species 

When molecular oxygen is used up by the aerobic organisms 
it forms a number of oxygens containing reactive species that are 
widely known as Reactive Oxygen Species (ROS). Some also have 
unpaired electrons which are classed as free radicals. ROS are as-
sociated with maintaining redox homeostasis and other types of 
signaling pathways. These reactive oxygen species are produced as 
by-products through mitochondrial electron transport. Oxygen is 
a free radical as it has two unpaired electrons in different orbits in 
its outer shell. It has two states of oxygen, delta (non-radical) and 
sigma (free radical). The reduction of the oxygen when the elec-
trons are added leads to the development of a wide range of ROS 
such as hydrogen peroxide, hydroxyl radical that can be reduced 
by an electron to form water, Perhydroxyl radical is a coordinated 
bond to this proton form of a superoxide anion radical (Image 2). 

ROS is related to the principle of oxidative stress which points to 
ROS cause pathology by destructing proteins, lipids and DNA. Most 
of the ROS are produced by leakage of electrons in the respiratory 

chain of the mitochondria, thus, this ROS production imparts to mi-
tochondrial and cellular destruction, it also plays a role in diseases 
such as arthritis, diabetes, cancer, neurodegenerative conditions 
and aging. A literature suggested an increase in cellular ROS by 
therapeutics either with antioxidant inhibitors or ROS inducers are 
likely to cause of oxidative stress which triggers tumor cell death 
as seen in image 3 [7].

Image 2: Electron structure of Reactive Oxygen Species (ROS) in 
biological systems [6].

Image 3: Illustration of oxidative stress [6].

Antioxidants 

Antioxidant activity is utilized as a framework to see various 
substances and compounds, that are able to search or balance the 
free radicals These antioxidant activities can be observed by many 
ways, including different types of assays having a variety of mecha-
nisms that have single electron transfer, metal chelation, reducing 
power and hydrogen atom transfer. ABTS (2, 2’-azino-bis (3- ethyl-
benzthiazoline-6-sulphonic acid)) and DPPH (2, 2-diphenyl-1- pic-
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rylhydrazyl) are widely used spectrometric methods, these meth-
ods use a kinetic contest between the oxidizing agent and reducing 
agents such as Trolox or ascorbic acid [8]. 

Antioxidants studied 

Trolox 

Trolox has been used in antioxidant capacity assays as a stan-
dard, it is water-soluble and was synthesized as a derivative of vi-
tamin E in 1974 [9]. 

Vitamin C 

This is a strong electron donor as well as a reducing agent. It 
is also water-soluble antioxidant and fairly stable in acid solution, 
helps to keep DNA, enzymes, proteins and other antioxidants in 
their standard form which is done by reducing metal ions along 
with searching for oxygen and nitrogen radicals [10]. 

Image 4: Molecular structure of Vitamin C [11].

ABTS method 

The ABTS cation radical is made by the loss of an electron by a 
nitrogen atom in the ABTS, the absorption is at 743 nm and gives 
a bluish-green color. The nitrogen suppresses the hydrogen atom, 
this will produce the solution to decolonize in the presence of 
Trolox. ABTS can be combined chemically with oxygen either by 
manganese dioxide or potassium persulphate that will give rise to 
ABTS cation radical whose absorbance shortened at 743 nm while 
observed in the existence of Trolox [12]. A couple of assays have 
been put forward to measure the total antioxidant activities of 
body fluids, pure compounds, tea, coffee, alcoholic beverages, fruit 
and vegetable extracts including leaf extracts [13]. 

DPPH method 

It is a stable free radical by the delocalization of the spare elec-
tron on the whole molecule, as the molecule will not dimerize as 
it happens with most of the other free radicals. This method ex-
hibits a powerful band at 517nm since it has an odd electron, a 
deep violet color, the absorption disappears as the electron pairs 
off [14]. This method apples to measure the free radical activity of 
vegetable juices, fruit juices, fruit extracts [15]. The assay has been 
used to investigate the antioxidant properties of herbs, wheat grain 
and bran, conjugated linoleic acids and seed oils in many various 
systems such as methanol, ethanol and aqueous acetone [16]. 

Principles of steroid metabolism 

Bile salts are made chemically in the liver, kept and concentrat-
ed in the gall bladder, then let out into the small intestine. Bile salts 
are important breakdown results of cholesterol, which is a pre-
cursor of five main steroid hormones: glucocorticoids, androgens, 
estrogens, progastagens and mineralocorticoids. Cholesterol is a 
formed by a metabolic reaction of steroids. Synthesis of steroids 
begins at the mitochondrial membrane, where the side chain en-
zyme of cytochrome P450 cholesterol catalyzes the transformation 
of cholesterol to pregnenolone [17]. 

Cytochrome P450 system 

Cytochrome P450 (CYP) is important in the metabolism of 
drugs, conversion of polyunsaturated fatty acids to active mol-
ecules, steroid hormone synthesis and xenobiotic have an effect 
of protein structural changes that result in alteration of substrate 
specificity, till date, the distinct oxygen chemistry reaction by these 
P450s enzymes. It classifies a category of enzymes abundant in the 
smooth endoplasmic reticulum of liver cells as well as the small 
intestines. The purpose of CYP450 is oxidative catalysis of differ-
ent endogenous and exogenous material, they are a member to the 
family of monooxygenases, which have a maximum absorption at 
450 nm [18]. 

CYP3A subfamily 

One of the major cytochromes P450 isoforms is CYP3A, which 
is important for the metabolism of drugs by humans as it is an en-
zyme in tissues such as the GI tract and the liver, such as testoster-
one, midazolam, cortisol and simvastatin. About four isoforms are 
important such as 3A4, 3A5, 3A7 and 3A43, 3A4 being the most 
significant one [19]. 
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CYP3A4 

CYP3A4 plays part in terminating the measures of steroid hor-
mones, bile acid process of removing toxic substances and removal 
of phytochemicals found in food and in a number of medicines, it is 
accountable for 75% metabolism of drug in over 50% of all medi-
cines and a key role in activation of the drug. CYP3A4 levels rise to 
about 35 - 45% of a fully grown and later increase to about 75% 
[20]. The most powerful inducer is rifampicin that induces many 
proteins while ketoconazole is a potent inhibitor. It has been out-
lined that CYP3A4 is connected to the metabolism of testosterone 
[21], cortisol [22] and 17 beta estradiol [23] all play a key role in 
many functions of living organisms and their parts. 

Drug interactions mediated with inhibition of CYP3A4 

Pharmacokinetics copes with absorption, distribution and 
elimination of drugs. There has been advances since the 1950s in 
understanding the basis of variability seen in the pharmacokinet-
ics, potency and the quality of toxicity of drugs [24]. According to 
FDA [25], drug-drug interactions happens when two or more than 
two drugs respond with each other. This may cause an unpredicted 
side effect or even an increase in action of a specific drug. Drug-
drug interactions arbitrated through CYP3A4 end up either from 
inhibition or induction. Inhibitors lessen the metabolism of sub-
strates, activity of the enzyme, normally leading to a rise in the 
drug effect while inducers activate the synthesis or reduce the 
breakdown of CYP enzyme that leads to less drug effect [26]. In-
hibition of CYP3A4 can cause a buildup of parent drug concentra-
tions that can lead the patient at an increased risk for toxicity [27]. 
Therapeutic agents such as natural products are key substrates of 
CYP3A4, including berberine, quinidine, ergotamine and colchicine 
are known, although diazepam and nifedipine outline as synthetic 
substrates [28]. 

Antifungal activity 

Steroid metabolism in yeast and fungi 

Saccharomyces cerevisiae can also be used to search the antifun-
gal activity on these steroids. Saccharomyces cerevisiae is a budding 
yeast which is known as a fungus or a mold and has an advanced 
selection of genetic tools that can be used for any eukaryotic organ-
ism [29]. More research is needed to show that a steroid can have 
some influence in causing a disease of a fungus in human (host). 
Progesterone with high affinity of steroid binding sites were ex-
posed in the plasma membrane of the Rhizopus nigricans fungus 
[30]. 

Material and Methods 

Library of steroids

Many of these 90 samples of steroidal compounds were not sol-
uble for testing in water. Pure methanol was added to the samples 
to make them soluble. These initial samples were 50 mM. A soni-
cating water bath was used to dissolve the crystals where required. 
A few of the steroids were still not soluble after sonication, further 
step was to heat in an oven at 55oC or further dilute it, to make an 
even suspension. As a last resort, pure acetone was used if the ste-
roids were still as an insoluble crystal. These samples were diluted 
to 200 mM from the original samples that contained 50 mM pure 
methanol. It was pipetted out into plastic micro tubes with 10 % 
methanol. Additionally, standard control steroids were produced 
to the same concentrations. These were all stored at -20oC. 

Measuring the antioxidant of steroidal compounds for ABTS

Chemicals: Trolox, Vitamin C, PBS (Phosphate-Buffered Saline), 
pure methanol. 

Preparation of known steroids: Testosterone 32.4 mg in 2.25 
ml methanol with a concentration of 50 mM, b-estradiol 27.5 mg in 
2.0183 ml methanol with a concentration of 50 mM and Progester-
one 6.72 mg in 4.2804 ml of methanol. 

Preparation of trolox: 300 mg of Trolox in 20.217 ml pure 
methanol. No. 238813-1G. 

Preparation of vitamin C: 25 mM in 50% methanol.

Preparation of ABTS: Refer to supplementary information on A6. 

Methods

A clear microplate was used for ABTS assay. Each of the wells 
contained 10 μl sample, PBS and 90 μl ABTS. Trolox and Vitamin 
C was kept at the same quantity as the samples, this was done to 
compare the sample for antioxidant activities. The negative control 
contained 50 % methanol. The reading was at 734 nm at 300 C 
with a (Synergy HT BioTek) microplate reader.

Measuring the antioxidant of steroidal compounds for DPPH

Chemicals: Trolox, Vitamin C, PBS, methanol was of highest purity. 

Preparation of DPPH: Refer to supplementary information on A7. 

Methods

Equal quantity of concentrations was used in the first two mi-
croplate assays. Firstly, 5 μl sample, secondly, 25 μl methanol and 
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PBS and finally, the DPPH solution of 70 μl was pipetted and mixed 
well. The controls were also at the same concentrations. These mi-
croplates were then read at 517 nm at 30oC. Some of the samples 
had started changing colors after the addition of DPPH. The read-
ing was 734 nm at 30oC. 

Later, different concentrations were used in sets of three. These 
samples were then tested with different volumes in sets of three 
in a black micro plate. All the sets had 5 μl of sample. In Set 1, a 25 
μl of 400 μM DPPH and 25 μl of PBS/methanol was pipetted. Set 2, 
included 50 μl of 400 μM DPPH and 50 μl of PBS/methanol was pi-
petted and lastly, set 3 had 75 μl of 400 μM DPPH and 75 μl of PBS/
methanol overall. The standards had 10 μl of Vitamin C and 5 μl of 
Trolox. Hence, the final well (steroid) had a total of 25 mM for all 
three wells. The ratio of DPPH to samples was 1: 8. 

Screening for inhibition of CYP450 with steroid compounds 

Materials: Clear microplate, KPi (Potassium phosphate) buffer, 
Unknown steroidal samples, DBF (Dibenzyl fluorescein), Solution 
A, Solution B, CYP3A4, negative and positive control. 

Preparation of CYP3A4: Refer to supplementary information 
on A1. 

Preparation of solution A: Refer to supplementary informa-
tion on A2. 

Preparation of solution B: Refer to supplementary informa-
tion on A3. 

Preparation of 0.5M potassium phosphate (KP04). pH 7.4 
(KPi buffer): Refer to supplementary information on A4. 

Preparation of 2 mM dibenzyl fluorescein (DBF): Refer to 
supplementary information on A5. 

Methods

Each reaction was carried out in a transparent or black flat bot-
tom 96 well plate (Fisher Catalogue No. FB85083). The reagents 
that were used in this assay were light sensitive, all the work was 
carried out under minimum exposure to natural light. 

Part one

An inhibition mix contained a 30 μl of the test sample, 90 μl of dis-
tilled water and 120 μl of KPi 200 Mm for each well in the clear mi-

croplate. To the controls of positive and negative there was no test 
sample added in the well, instead a 10% of methanol was added, to 
kill the inhibition in the negative control. 

Part two

A mix of P450 (CYP3A4) and 100 Mm of KPi was made to be 
pipetted in a black microplate. A calculation of 2.5 μl of CYP3A4 × 
100 (number of wells) × 1.3 (for excess) = 325 μl in total. A 7.5 μl of 
100 Mm of KPi × 130 (number of wells) × 1.3 (for excess) = 975 μl 
in total. The 10 μl of the P450 mix was pipetted in each well before 
pipetting the reaction mixture, this ensured better mixing of the 
reaction. The reagent was killed with a 35 μl of 10% methanol. The 
inhibition mixes of 40 μl was pipetted on top of the P450 mix in the 
black micro plate. 

Part three

The black microplate was pre-incubated approximately at 30o 
C for 20 minutes. The final step included a Master Mix of 25 μl of 
200Mm KPi, 5 μl Solution A, 1 μl of Solution B, 18.85 μl of Distilled 
water and 0.15 μl of DPF (this solution is used in the kinetic and 
endpoint assays analysis of the DBF assay). These reagents were 
multiplied by 150 for the full plate. 

25 μl × 150 = 3,750 μl of 200Mm KPi

5 μl × 150 = 750 μl of Solution A

1 μl × 150 = 150 μl of Solution B

18.85 μl × 150 = 2, 827.5 μl of Distilled water 0.15 μl × 150 = 22.5 
μl of DBF. 

A 50 μl of the master mix was pipetted to each well. The plate 
was rapidly shaken on a platform for 10 seconds and transferred 
to a plate reader. The micro plate was read at 490/530 nm on the 
Biotek Synergy HT fluorometer. 

3A4 Kinetic IC50 

All the microplates were read and calculated for a higher per-
centage of inhibition to find the IC50. Four samples showed a higher 
percentage of inhibition. Samples used to test were 51, 57, 58 and 
82 with Testosterone, Beta Estradiol and Progesterone (better sub-
strate) were halved, since they are stronger steroids. They had dif-
ferent strengths of dilution with different compounds to produce a 
curve analysis. The compounds were at 50 mM and Ketoconazole 
was at 25 mM, as the compounds were in pure methanol the dilu-
tions were then in 10 % methanol. 
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Preparation of Ketoconazole: 25 mM in DMSO

Methods

Plate one

A clear micro plate was used for the mixture. Wells of Row A 
contained 270 μl of methanol that was pipetted from 1 - 7 and 8 
contained 240 μl of methanol. Row B had 120 μl of methanol from 
1 - 8 columns, while the rest of Row C to Row F had 60 μl of metha-
nol from columns 1 - 8. The next step was to pipette 30 μl of each 
sample to Row A as well as 60 μl Ketoconazole was pipetted for the 
reason that it has a high strength. A 30 μl was transferred from Row 
A with a pipette to Row B and mixed well, from Row B, a 60 μl was 
then transferred to the rest of the wells till Row F and mixed well. 

Plate two (Inhibition)

A clear micro plate was used for the inhibition mixture. All the 
wells in the micro plate were pipetted with 75 μl of distilled water 
and 100 μl of KPi 200 Mm. A 25 μl of mixture was transferred from 
the clear plate of plate one to the inhibitor clear plate two. To the 
control, 25 μl of 10 % methanol is added to the solvent so it does 
not inhibit the reactions. All the mixtures were mixed well.

Plate three and four (P450 Mix)

A black micro plate was used for the P450 mix. These reagents 
were multiplied by 240 for the two full plates that were used. 

2.5 x 240 = 600 μl of P450 

7.5 x 240 = 1,800 μl of 100mM KPi (half strength concentration 
used). 

The mixture was made with 90 μl of distilled water, KPi and the 
P450 (3A4) in a small plastic tube. Both plates were filled with the 
mixture of 50 μl and 40 μl of inhibition mix was pipetted into both 
plates (triplets). The negative control was killed from beforehand 
with a stock solution (80% Acetyl nitrate and 30% Tris base 0.5 
molar) in Row H of both plates. The P450s were pre-incubated and 
kept for half an hour since some inhibitors are time dependent. Ki-
netic IC50s were measured on the Biotek Synergy HT at 30oC for 
approximately 45 minutes. The measurements were taken every 2 
minutes at 450 nm/20 (bandwidth) excitation, 528 nm/20 (band-
width) emission. Using a gain value of 75, 80 and medium shaking 
for 5 seconds before each reading for sensitivity. 

25 μl × 275 = 6,875 μl of 200Mm KPi

5 μl × 275 = 1,375 μl of Solution A

1 μl × 275 = 275 μl of Solution B

18.85 l × 275 = 5,183.75 μl of Distilled water 0.15l × 275 = 41.25 
μl of DBF.

Searching for antifungal activity in steroidal compounds using 
Saccharomyces cerevisiae

Materials: Yeast strain called INVSC1, YPD agar (Yeast extract, 
Peptone, Dextrose and Agar), and Ketoconazole, Unknown steroi-
dal compounds, Whatman filter paper and petri plates. 

Preparation of YPD: Refer to supplementary information on A8. 

Preparation of yeast strain: The strain was streaked out from 
YPD plate. 

Step one

The yeast strain (INVSC1) was streaked onto the YPD agar and 
incubated overnight at 30oC. 

Step two

A colony was picked from the agar plate and grown in 20 ml 
YPD broth (same as YPD agar but without the agar) overnight at 
30oC, shaken at 180 RPM. 

Step three

An mL of this culture was spread on to new YPD agar plates un-
der aseptic conditions. Small cut filter papers were placed onto the 
empty petri plates under labelled numbers of the steroidal com-
pounds using sterile forceps. About 34 μl (this is approximately 
equivalent to 500 ug, assuming an average molecular weight of 
300) of these unknown steroidal compounds was pipetted onto 
the filter paper and set to dry. The same mass of Ketoconazole 
was used as a control; this is a known inhibitor of yeast growth. 
The sterilized filter papers (autoclaved) that had the steroidal 
compounds were then placed on top of the agar according to their 
labelled numbers using sterile forceps. The agar plates were incu-
bated at 30oC overnight. 

Step four

These agar plates were monitored the next day for any inhi-
bition growth around the discs. Zones of inhibition were photo-
graphed with a ruler for size. This method was repeated again with 
an addition of higher amount of sample. Four cut filter paper was 
placed close to each other in a circle on the labelled empty petri 
plates under sterile conditions. About 50 μl of the steroidal com-
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pounds was pipetted on top of the filter paper. These plates were 
stored in the incubator overnight at 30oC. 

Results 
Measuring the antioxidant of steroidal compounds for ABTS

The first two assays were done with ABTS. The percentage ac-
tivity of these sample was relative to Trolox as seen below.

picts steroid 77 has a higher percentage of 105%. Compound 82 
also showed some antioxidant activity. 

Measuring the antioxidant of steroidal compounds for DPPH

The assays below were done with DPPH. The percentage activ-
ity of these sample was relative to Trolox. 

Figure 1: ABTS assay of absorption candidates for the antioxidant 
activity at 90 μl in 1 in 7 dilutions of PBS, 10 μl of 50 mM and were 
quantified at 734 nm at 30oC. The errors bars show the standard 

error of the mean (SEM). 

Figure 2: ABTS assay of absorption candidates for the antioxidant 
activity at 90 μl in 1 in 7 dilutions of PBS, 10 μl of 50 mM and were 

quantified at 734 nm at 30oC. The error bars show the SEM. 

The antioxidant activity of the steroidal compounds was evalu-
ated using the ABTS method (Figure 1 and 2), the study was effec-
tive as all the compounds exhibited some percentage of activity and 
Trolox gave a 100%. In figure 1, steroid 51 shows a strong percent-
age of 65% proving it has a high potency. Additionally, b Estradiol 
displays good results in both figures of 47% and 37%. Figure 2 de-

Figure 3: DPPH assay of absorption candidates for the antioxidant 
activity at 25 μl in 1 in 7 dilutions of PBS, 10 μl of 50 mM and were 

quantified at 517 nm at 30oC. The error bars show the SEM. 

Figure 4: DPPH assay of absorption candidates for the antioxidant 
activity at 25 μl in 1 in 7 dilutions of PBS, 10 μl of 50 mM and were 

quantified at 517 nm at 30oC. The error bars show the SEM. 

Trolox showed a 100 % activity while Vitamin C was slightly 
less. b Estradiol has nearly potent to Trolox. Figure 3 shows that 
compound 81 is twice as potent as Trolox. In figure 4, compound 
66 is slightly more potent than Trolox, however, compound 51 is 
massively more potent of about a third. The rest of the compounds 
depict over a 50% and 80% activity similar to Trolox and Vitamin 
C.

The work was repeated by using compounds of interest with 
DPPH. This was done with different volumes as seen below. Their 
activity was relative to Trolox. 

10

Finding the Biological Properties from a Library of Steroids

Citation: Dhvani H Kuntawala., et al. “Finding the Biological Properties from a Library of Steroids”. Acta Scientific Biotechnology 1.11 (2020): 04-21.



Screening for inhibition of CYP450 with steroid compounds. 

To analyze the inhibition of steroidal compounds, reactions 
were formed using 2.5 pica moles of CYP3A4, as compounds were 
tested at 10 μM in a 100 μl reaction (the controls were tested at 
20 μM to give more differential between them), the kinetic was 
followed at 30oC as DBF was used as a substrate here. The total 
reaction concentration in 100 mM, the final KPi, with a PH of 7.4, 
the final solvent concentration 0.5% methanol. DBF is converted 
by 3A4 into fluorescein hence the measurement of the excitation of 
485 nm with 20 nm bandwidth. The emission is at 538 nm with a 
25-nm bandwidth. 

Figure 5: DPPH assay of different volumes retested. 25 μl of DPPH 
with 25 ml of PBS. and were quantified at 517 nm at 30oC. The 

error bars indicate the SEM. 

Figure 6: DPPH assay of different volumes retested. 50 μl of DPPH 
with 50 ml of PBS and were quantified at 517 nm at 30oC. The  

error bars indicate the SEM.

Figure 7: DPPH assay of different volumes retested. 75 μl of DPPH 
with 75 ml of PBS and were quantified at 517 nm at 30oC. The  

error bars indicate the SEM.

Figure 8: Inhibition assay mixed with 30 μl of sample in 90 μl of 
water and 120 μl of 200 KPi and measured at 517 nm at 30oC. The 

bars show the SEM. 

Figure 9: Inhibition assay mixed with 30 μl of sample in 90 μl of 
water and 120 μl of 200 KPi and measured at 517 nm at 30oC. The 

bars show the SEM. 
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Figure 10: Inhibition assay mixed with 30 μl of sample in 90 μl of 
water and 120 μl of 200 KPi and measured at 517 nm at 30oC. The 

bars show the SEM. 

The above figures show various high percentages of inhibi-
tion in the steroidal compounds, such as 18 (26%), 51 (29%), 57 
(42%), 58 (20%), and 82 (20%) than the rest of the compounds. 
Overall, the highest inhibition was seen in compound 57 (42%), 
whereas some compounds showed no inhibition. The SEM overall 
showed high errors, which means there was no consistency. To be 
noted, compounds 58 and 82 have the same percentages, this could 
be due to having a similar structure (formula). Most of the steroi-
dal compounds showed no inhibition this could be due to solubility 
problems.

The inhibition test was done with the known steroids as seen 
below.

Figure 11: Inhibition assay mixed with 60 μl of sample in 60 μl of 
water and 120 μl of 200 KPi and measured at 517 nm at 30oC. The 

bars show the SEM. 

The sample and water were twice as much than the previous 
assays done. The above results indicated Progesterone has a higher 
inhibition (39 %) when compared to others and b - estradiol was 
the lowest (5%). 

34A IC50 Kinetic 

The percentages seen with the inhibition assay were fairly in-
curable overall, thus the ones that had some high percentages of 
inhibition were tested with IC50 as seen below. It shows the re-
sponse curve for action of the samples at different concentrations 
on CYP3A4. 

Figure 12: Compound 51. RFU means relative fluorescence. The 
error bars show the SEM. 

The mean IC50 value for steroid 57 was 56.20 μM but the error 
range was found to be IC50 41.12 to 76.82.

Figure 13: Compound 57. RFU means relative fluorescence. The 
error bars show the SEM.
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The IC50 value for steroid 57 was 710.9 μM but the error range 
was found to be IC50 418.6 to 1207. 

Figure 14: Compound 58. RFU means relative fluorescence. The 
error bars show the SEM.

The IC50 value for steroid 58 was 337536 μM but the error range 
was found to be IC50 888.2 to 1.283e+008. This showed no inhibi-
tion. 

Figure 15: Compound 82. RFU means relative fluorescence.  
The error bars show the SEM.

The IC50 value for steroid 82 was 201.3 μM but the error range 
was found to be IC50 11.5.9 to 349.

Figure 16: Beta Estradiol. RFU means relative fluorescence.  
The error bars show the SEM.

The IC50 value for b Estradiol was 458.9 μM but the error range 
was found to be IC50 254.1 to 828.5. 

Figure 17: Progesterone. RFU means relative fluorescence.  
The error bars show the SEM.

The IC50 value for Progesterone was 10.53 μM but the error 
range was found to be IC50 8.078 to 13.72. 

Figure 18: Testosterone. RFU means relative fluorescence.  
The error bars show the SEM. 

The IC50 value for Testosterone was 160.1 μM but the error 
range was found to be IC50 112.5 to 228.0.

Figure 19: Ketoconazole. RFU means relative fluorescence.  
The error bars show the SEM. 
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The IC50 value was none as seen from the data. 

It was seen that progesterone (Figure 17) had a stronger potency 
of an IC50 value 10.53 while compound 58 (Figure 14) was the least 
potent (no inhibition). 

Searching for antifungal activity in steroidal compounds using 
Saccharomyces cerevisiae 

The yeast strain was used (INVSC1) to search for the antifun-
gal activities by using a model S. cerevisiae zone of inhibition were 
measured as seen in the figures below. 

Figure 20 showed a 1.5 cm zone of inhibition around the discs. 

Figure 20: Steroid 80. Sample of 50 μl used. 

Figure 21 showed a 2 cm of zone of inhibition around the discs. 

Figure 21: Steroid 86. Sample of 50 μl used.

Figure 22 showed a 3 cm zone of inhibition around the discs. 

Figure 22: Ketoconazole. Sample of 50 μl used.

Slight zones of inhibition were seen in steroidal compounds 29, 
31, 80, 82 and 86. The retest confirmed, compounds 80 (Figure 20) 
and 82 (Figure 21) showed an inhibition as well as ketoconazole 
(Figure 22) having a large zone (3 cm). 

Discussion 
According to a study [31], assays to test various samples for 

the antioxidant activity were published in total of 74 so far. There 
were known as in vitro and in vivo methods. These methods include 
DPPH, ABTS, FRAP and ORAC. This study used the ABTS and DPPH 
method. It is clear from the ABTS assay (Figure 1 and 2), that b 
Estradiol shows a good antioxidant than Testosterone and Proges-
terone. A study stated, due to their potential to bind to Estrogens 
receptors (recently, identified in mitochondria) and expression of 
antioxidant enzymes through the intracellular pathways prove to 
have antioxidant properties [32]. Noting, the antioxidant activities 
of most of the samples gave a very less percentages overall. Both 
graphs (Figure 1 and 2) had a minimal SEM stating a good consis-
tency. DPPH assays (Figure 3 and 4) showed a higher percentage 
of Trolox (Trolox is a good standard antioxidant [33]) and Vitamin 
C (Vitamin C is also oxidized easily; it breaks down by accelera-
tion of light and heat and heavy metal cations being present [34]. 
Compared to results of ABTS assay (Figure 1 and 2), DPPH showed 
most of the steroidal compounds of high percentages overall, stat-
ing that ABTS can be likely to be sensitivity or can have solubility 
obstacles than DPPH. All in all, the assays performed had almost 
the same concentration used. It is obvious from the results above 
(Figure 1 to 4) that samples in ABTS showed less activity compared 
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to DPPH assay. This could be due to managing of the ABTS, as it is 
light sensitive causing it to function less also of interest steroid 51 
showed higher percentages overall in both assays (Figure 1 to 4), 
which could mean it could be potent enough. The assays (Figure 
5-7) could suggest that these antioxidants found particularly in the 
steroidal compounds could show high potency at low concentra-
tions than a high concentration. 

IC50 is fast and is a cheap way to carry out many of IC50 results 
per year [35]. For (Figure 13) an IC50 would not be ideal, due to less 
dilutions to capture the curve. However, due to the data from the 
control (Ketoconazole) can be good enough to rank the inhibition if 
compared with (Figure 14) gave a high concentration but showed 
a low inhibition (no inhibition) this could be as a result of solubil-
ity problems or massive precipitation during the dilution process. 
The controls (Figure 16 to 18) had the same problem of not enough 
dilutions as well as solubility, studies on the other hand indicate 
kinetic character seen for the metabolism of Testosterone [36] and 
Progesterone [37] by CYP3A4. Ketoconazole (Figure 19), shows 
the IC50 is less than minimal concentration from the data but is not 
seen in the graph as concentration was 3.15 mM. Ketoconazole also 
showed inhibition with CYP3A4 to be 23 nM by using a different 
substrate when testing for the IC50 values [38]. 

A study showed measurements may change to disturbance from 
test inhibitors which lead to fluorescence reduction. Nevertheless, 
even though these effects are seen, their frequency is usually less. 
For example, the quenching of fluorescence lead in assay insuf-
ficient rates of between 0.1 and 0.8% in more than 5, 000 com-
pounds investigated in 2007, justifying for between 12 and 49% of 
failures in total [35]. The SEM on the graphs were minimal which 
showed accuracy was considered when carrying out the method. 

The antifungal activity (Figure 20-22) showed zones of inhibi-
tion when tested again stating it could be effective at a higher con-
centration of sample. Previous plates put for incubation was not in 
uniform and the discs used were still wet. Of Interest, their molecu-
lar structures (Figure 20 and 21) were not similar as well as they 
both had different structures overall. Compound 86 (Figure 21) 
could be a potential antifungal agent in relation to ketoconazole, 
as approximately drugs are known to be 50/60 % potent. Studies 
did show Ketoconazole a potent CYP3A4 inhibitor [39]. Note that, 
compound 86 (See appendices C10) is not a steroid, it is called 
ethyl bromide tamoxifen a halogenated molecule. Tamoxifen is an 
estrogen receptor antagonist that is used to cure breast cancer, as 

it has some measure of antifungal properties, though the molecu-
lar action of tamoxifen activity is not known [40]. Literature shows 
that tamoxifen can cause inhibition with non- pathogenic Saccha-
romyces cerevisiae (yeast) [41], it can be assumed, the backbone of 
the structure causes the inhibition growth. 

Conclusion and Future Work 
Steroids have other biological targets and functions than the 

traditional roles where they act as hormones such as endocrine 
and exocrine. The findings in this paper and many others clearly, 
they have roles as antioxidants and antifungal agents and possi-
ble agents’ drug-drug interaction via CYP3A4 metabolism. Future 
works include buying or making analogs to create a more detail of 
the library of the short-listed compounds. For example, molecular 
modeling, an attempt to form a crystal structure with a steroid and 
P450. The CYP inhibition with IC50s, the compounds can be further 
investigated by high performance chromatography (HPLC) or to 
know more on their structure chemically infrared spectroscopy 
could be used. Lastly, to try to salt conjugation or hydroxyl groups 
to alter the solubility. 
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Supplementary Information 

Reagents 

Preparation of the CYP3A4 
Flasks were washed and autoclaved. To express the protein, 

growth of strains from glycerol stocks were streaked and grown 
on SD agar with the needed supplements for 3 days at 300C. At day 
one of growth of strains, inoculation of 50 ml flask with SD broth 
and was measured start OD at 600 nm diluted 1/10 and then incu-
bated for 14 to 16 hours at 300C. At day two, the OD was measured 
at 600 nm of the diluted culture and was then used to inoculate 
a 100 ml YPGE culture in 500 ml flask and incubated for a day at 
300C. Expression of the strains took place on day three with the 
same procedure as day two. Day four included harvesting of the 
strains, which were measured and transferred to a sterile centri-
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fuge. The supernatant was suspended in 100 ml of Harvest buffer’s 
and centrifuged at 40C for 10 minutes. This was repeated again and 
centrifuged. The supernatant was removed, and the pellet was fro-
zen at - 800C. 

Microsome preparation, the culture was centrifuged for 15 min-
utes, and washed thrice with sorbitol buffer A. The cell pellet was 
re-suspended in the buffer that contained protease inhibitors, the 
cells are processed in a cell disruptor and centrifuged thrice. The 
resultant supernatant was centrifuged at high speed for 20 min-
utes. Dilution of these supernatants with ice cold TES buffer had 
both NaCl and ice- cold 50% PEG 3350 MW solution, this mixture 
was left on ice. Microsomal pellets were rinsed with 20% glycerol 
buffer and were re- suspended in the same buffer with a homog-
enizer and placed in aliquots and frozen using liquid nitrogen and 
stored at 80oC.

Preparation of Solution A 

It contains NADP+ (Sigma Catalogue No. N0505 Mr. 765.4) with 
an amount of 200 mg having a concentration of 26.13 milli molar, 
G6P (Sigma Catalogue No. G7250 Mr304.1) of 200 mg in amount 
with a concentration of 65.77 milli molar (Mm) and MgCl2 (Sigma 
Catalogue No. M1028 or M1028 1M solution) with 133 mg having 
a concentration of 65.42 or 654 μl of 1M stock. Make up 10 ml with 
deionized water. This solution was stored at -200C. 

Preparation of solution B 

This is made up of G6DHP (Sigma Catalogue no. G6378 250 
units) containing an amount 250U + 6.25 ml buffer with a concen-
tration of 40 U/ml. Make up in 5 mM Sodium citrate (Tribasic). This 
Sodium citrate (50 mM) was made with adding 147 mg Sodium ci-
trate (Sigma Catalogue No. S4641) to 10 ml of deionized water. This 
solution was stored at -200C. 

Preparation of 0.5M potassium phosphate (KP04). pH 7.4 (KPi 
buffer) 

This was made of Solution A having 136.1g KH2PO4/L (1M), So-
lution B which contained 174.2g K2HPO4/L (1M) both were auto-
claved. In 200 ml, Solution A had 19.8 ml and Solution B had 80.2 
ml, made up to 200 ml of pure sterile water in a sterile bottle. The 
0.1M Potassium Phosphate (KPO4). pH 7.4 contained the same 
amount of solution of A and B. In 100 ml, Solution A had 1.98 ml 
and Solution B had 8.02 ml, made up to 100 ml with sterile water 
and stored in a sterile bottle. 

Preparation of 2 mM dibenzyl fluorescein (DBF)

Liquefy 2.06 mg of Dibenzyl fluorescein in 2 ml of neat aceto-
nitrile, this solution is further diluted to a 0.1 mM solution in 1 % 
acetonitrile on the day of use. This solution is highly light sensitive, 
thus was stored in a brown bottle and wrapped in tin foil. This solu-
tion was stored at -200C. 

Preparation of ABTS 

This stock solution was made together by 7 Mm of ABTS with 
a molecular weight of 548.68g, 24.5 Mm of K2S2O8 also having a 
weight of 270.32g and PH 7.4 PBS. Dilution was at 1:50 in PBS on 
the day of use. As the ABTS is light sensitive it was wrapped in foil. 
A mixture of 50 % methanol and 50 % PBS was used. 

Preparation of DPPH

2 mM in pure methanol which was diluted on the day of use to 
400 μM. DPPH is also light sensitive therefore was also wrapped 
in foil. 

Preparation of YPD

65g was suspended in 1 L of ultrapure water. The ingredients 
were dissolved completely and autoclaved. 

IC50 parameters
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Figure a
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Figure b

Molecular structures 

This is a basic structure having a hydrogen chain. It has a chemi-
cal formula of C22H29O4 with a molar weight of 310.19 and is 39.5 
mg. 

This structure is quite similar to 51. Much detail is not provided. 
It has a chemical formula of C19H28O3 with a molar weight of 304.43 
and is 18.4 mg. 

Figure c

This structure has a side chain present, oxygen is present. It has 
a chemical formula of C21H26O4 with a molar weight of 342.44 and 
is 19.6 mg. 

Figure d

This structure is basic, has a double bond oxygen attached to it. 
It has a chemical formula of C19H28O3 with a molar weight of 304.43 
and is 80.4 mg. 

Figure e

This structure is basic. It has a chemical formula of C19H24O2 with 
a molar weight of 272.39 and is 22.3 mg. 

Figure f

This structure is basic. This structure is similar to a known ste-
roid called Aldosterone (E0380) as seen below. It has a chemical 
formula of C19H20O2 with a molar weight of 268.15. Aldosterone has 
molecular formula of C21H28O5 and the weight is 360.45 g/mol [42]. 

Figure g

This structure has a chemical formula C20H28O3 with a molecular 
weight of 316.44. And is 37.5 mg.

This structure has a long side chain with an oxygen attached to a 
Nitrogen. Has a chemical formula C22H33O2 with a molecular weight 
of 343.5 and is 21.9 mg. 
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Figure h

Figure i

Figure j

This structure has a long side chain with an oxygen attached to a 
Nitrogen. Has a chemical formula C22H33O2 with a molecular weight 
of 343.5 and is 21.9 mg. 

The structure has a chemical formula Br- a mass of 78.92 and a 
molecular weight of 79.90. Formula is C22H29NO. 

Figure k
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