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Effect of Solvent Polarity on Extraction Yield of Total 
Flavonoids with Special Emphasis to Glabridin from 
Glycyrrhiza glabra Roots 

SUMMARY

Different organic solvents (ethanol, dichloromethane, ethyl acetate 
and acetone) were studied for their effects on the extraction efficiency 
of glabridin and total flavonoids (TF) from Glycyrrhiza glabra 
roots. The extract yield of Glycyrrhiza glabra roots was in the 
range of 3% to 6% following the extraction efficiency in the order 
ethanol>acetone>ethyl acetate>dichloromethane. A higher extraction 
yield of TF and glabridin was obtained with dichloromethane, 
followed by ethyl acetate, acetone and ethanol, indicating that the 
non-polar solvents help in optimal extraction of TF and glabridin. 
We also demonstrate for the first time, that the extraction efficiency of 
the flavonoids is not significantly affected by the use of the recovered 
solvents except in case of ethanol which reflects that the moisture-
absorbing capacity of the solvent dictates the extraction efficiency 
of such compounds. The glycyrrhizin content in all the extract types 
was rather low (0.1 % to 1%) except for extract prepared with 
water, where the glycyrrhizin content was ~10% as expected since 
glycyrrhizin is a polar compound. Interestingly, we observed that 
ethyl acetate selectively isolated only glabridin with no traces of 
glycyrrhizin, which is a finding reported for the first time. 

Key Words: Licorice, Glabridin, Flavonoids, Glycyrrhizin, 
Extraction, Solvent polarity

Received: 10.02.2021
Revised: 27.05.2021
Accepted: 04.06.2021

Çözücü Polaritesinin Özellikle Glabridin Olmak Üzere 
Glycyrrhiza glabra Köklerindeki Toplam Flavonoitlerin 
Ekstraksiyonunun Verimine Etkisi

ÖZ

Farklı organik çözücülerin (etanol, diklorometan, etil asetat 
ve aseton) Glycyrrhiza glabra köklerinden glabridin ve toplam 
flavonoit (TF) ekstraksiyon verimliliğine etkileri çalışılmıştır. 
Glycyrrhiza glabra köklerinden ekstre verimi % 3 ile % 6 aralığında, 
ekstraksiyon etkinliği etanol> aseton> etil asetat> diklorometan 
sırası ile bulunmuştur. Diklorometan, ardından etil asetat, aseton ve 
etanol ile daha yüksek bir TF ve glabridin ektraksiyon verimi elde 
edilmiştir, bu da TF ve glabridinin en uygun şekilde ekstraksiyonunda 
polar olmayan çözücülerin etkili olduğunu göstermektedir. Ayrıca 
flavonoitlerin ektraksiyon verimliliğinin, çözücünün nem absorplama 
kapasitesinin bu tür bileşiklerin ekstre edilmesinde rol oynadığını 
yansıtan etanol haricinde, geri kazanılan çözücülerin kullanımından 
büyük ölçüde etkilenmediği de ilk kez gösterilmiştir. Su ile hazırlanan 
ekstre haricinde tüm ekstre türlerinde glisirizin içeriği düşük olup 
% 0,1 ile % 1 aralığındadır, bileşik polar bir bileşik olduğu için su 
ekstresinde içerik beklendiği gibi ~% 10’dur. İlginç bir şekilde, etil 
asetatın glisirizin izleri olmadan sadece glabridini seçici olarak izole 
ettiği ilk kez bildirilen bir bulgu olarak gözlenmiştir.

Anahtar Kelimeler: Meyankökü, Glabridin, Flavonoitler, 
Glisirizin, Ekstraksiyon, Çözücü polaritesi
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  IntroductIon   

  Glycyrrhiza glabra Linn, commonly known as 
‘licorice’ and ‘sweet wood’ belongs to Leguminosae 
family and is cultivated in Italy, Russia, France, UK, 
USA, Germany, Spain, China and Northern India 
(Bhan, 2017). 

  Licorice is widely used from the ancient medical 
history of Ayurveda, both as a medicine and as a fla-
vouring agent. Its use as an anti-inflammatory agent 
during allergenic reactions, as a contraceptive, as a 
laxative and as an anti-asthmatic agent is reported 
(Ammosov, 2003). The use of licorice in the treatment 
of gastric ulcers, hepatitis C and pulmonary and skin 
diseases is known and, its use in treating cough be-
cause of its demulcent and expectorant property, also 
exists (Damle, 2014). Licorice extract is also incorpo-
rated in medicinal oils to treat rheumatism, haemor-
rhagic diseases, epilepsy, paralysis etc. (Kaur, 2013).

The chemical constituents of the Glycyrrhiza gla-
bra roots include several bioactive compounds, such 
as glycyrrhizin (∼16%), flavonoids (1.5%), coumarin, 
alkaloids, polysaccharides, sitosterol, amino acids, 
gums and essential oils (Li, 2012). The hydrophilic 
fraction of licorice extracts which includes glycyr-
rhizin and glycyrrhetinic acid, are known to sup-
presses the replication of numerous viruses such as 
HIV, HCV, influenza HSV, rotavirus, coxsackievirus, 
HRSV, HBV (Wang, 2015), while the hydrophobic 
fraction of licorice extracts containing flavonoids and 
glabridin (Yokota, 1998) have pharmacological activi-
ties of wound-healing (Yip, 2016), anti-microbial (Al-
wan, 2015), anti-ulcer agent (Alilzadeh-Amin, 2015) 
etc. 

The conventional methods for extraction of gla-
bridin from licorice utilize solvents that need to be 
free of moisture to have an optimal yield of glabridin, 
thereby leading to massive amount of solvent waste. 
Some of the solvents used for glabridin extraction 
include ethanol (Tian, 2008), acetone (Ao, 2010), 
ethyl acetate (EA) (Xu, 2009), supercritical fluid CO2 
(Cho, 2004), methanol (Bhan, 2017) and imidazoli-

um-based ionic liquids (Li, 2012). Also, since glabri-
din is sensitive to temperature (Ao, 2010), the high 
energy consumption due to sample extraction time 
and high extraction temperature affects the final yield 
of the product. Since the licorice extracts are used 
in the cosmetic and food industries, having these 
extracts without residues of toxic solvents would be 
beneficial. In the light of these issues, an alternate, safe 
and cost-effective process for extraction of glabridin 
from licorice assumes critical importance.

The requirement of pure glabridin as a chemi-
cal reference standard for quality control studies and 
identification of Glycyrrhiza glabra roots and for bi-
ological/pharmacological investigations (Vishwana-
than, 2019), tempted us to reinvestigate the method 
of extraction of glabridin from licorice so that the 
processes are cost-effective and reproducible without 
impacting their quality. 

The present study was designed to study the im-
pact of different extraction solvents and its moisture 
content on the yield of glabridin and total flavonoids 
(TF) from Glycyrrhiza glabra roots, with particular 
emphasis also on effects of recovered solvents on the 
extraction efficiency of TF and glabridin, under simi-
lar extraction conditions. 

MaterIals and Methods

reagents and chemicals

The HPLC grade solvents like acetonitrile and 
methanol, and potassium dihydrogen phosphate were 
purchased from Rankem (Bangalore, India). Glabri-
din and glycyrrhizin reference standards were pur-
chased from Natural Remedies Pvt. Ltd, Bangalore, 
India. 

collection of Glycyrrhiza glabra roots

Roots of Glycyrrhiza glabra were collected from 
a commercial source from the Northern part of In-
dia. The identity of the roots was confirmed and doc-
umented by a taxonomist at Durva Herbal, Tamil 
Nadu, India. The freshly collected samples of licorice 
roots were washed, air-dried, and stored at 4oC, pro-
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tected from light and humidity before analysis.  

Preparation of extracts

100 g licorice roots raw material was processed 
for extraction with four volumes of fresh acetone 
followed by three volumes of the acetone two times 
(each extraction for three hours) at 45-50oC. After 
extractions, all acetone extractions were pooled and 
concentrated on a rotary evaporator under vacuum at 
45-50oC to get a dry powdered acetone extract of Gly-
cyrrhiza glabra. A similar protocol was followed to ob-
tain powdered licorice extracts with EA and ethanol. 
For extraction with dichloromethane, the extraction 
temperature was maintained between 30-35oC, be-
low the boiling point of the dichloromethane solvent, 
keeping all other extraction parameters constant. 

Preparation of licorice extracts using fresh, 
primary and secondary recovered solvents

After completing the first round of extraction 
with EA, the used EA was recovered, its volume mea-
sured and its moisture content estimated. The prima-
ry recovered and distilled EA was later used to extract 
the glabridin and TF from a fresh aliquot of the Gly-
cyrrhiza glabra roots. Similarly, the volume and the 
moisture of the secondary recovered EA generated 
from this extraction run were used for the third ex-
traction of glabridin and TF from a fresh batch of Gly-
cyrrhiza glabra roots powder. A similar protocol was 
followed for all the other three solvents used, unless 
mentioned otherwise.

estimation of moisture content in solvents

Karl Fisher Titration is a technique for the deter-
mination of moisture content. KF Titrando, Metrohm 
was used, for this purpose. The sensitivity of the 
method is an accurate determination of water content 
from 0.001 to 100%. 

hPlc conditions

The glabridin content in the powdered extracts re-
covered from the process was analyzed using an HPLC 
system (Shimadzu, 2010CHT) consisting of a quater-
nary pump with a vacuum degasser, thermostatted 
column compartment, autosampler, and UV detector. 

A reverse-phase column (Inertsil ODS, C18, 3V, 5 μm, 
250 X 4.6 mm; GL Sciences, Japan) was used with a col-
umn temperature of 40 °C. The HPLC mobile phase- 
Solution A: Potassium dihydrogen phosphate (1.36 g) 
was dissolved in 1000 mL of HPLC grade water. The 
solution was filtered through a 0.45 µm membrane fil-
ter and degassed in a sonicator for 3 min; Solution B: 
Acetonitrile (100%). The mobile phase was run using 
gradient elution. The gradient program for separation 
of glabridin and other flavonoids by HPLC was set 
as (time/% B) 0/5, 25/40, 40/42, 45/60, 50/60, 55/80, 
60/80, 61/5, 65/5, that pumped the phases at a rate of 
1mL/min. The detection wavelength for glabridin was 
chosen as 280 nm, based on the UV spectra of pure 
glabridin solution (Shrikant, 2020). The flow rate was 
kept as 1.0 mL/minute and injection volume was 20 
μL. The run time for detection of glabridin by HPLC 
was 65 min.

The estimation of glycyrrhizinic acid was carried 
out by HPLC under conditions as follows:  Hypersil 
BDS column (3 V, 250 mm × 4.6 mm, 5 μm) using an 
isocratic mobile phase consisting of 2% formic acid 
and acetonitrile in the ratio 65:35 v/v. The flow rate 
was 1.0 mL/minute, injection volume was 20 μL, the 
column oven temperature was 30°C and the run time 
was 20 minutes. The peak of glycyrrhizinic acid was 
observed at 254 nm. 

sample preparation

50 mg of Glycyrrhiza glabra extract was precisely 
weighed, and transferred to a 50 mL volumetric flask. 
About 30 mL methanol was added and the contents 
were sonicated for 20 min. The volume was then made 
up to 50 mL with methanol, filtered through a 0.45μm 
filter and the resulting filtrate was used as a test solu-
tion. A stock solution of glabridin standard was pre-
pared at a concentration of 5.0 mg/mL in absolute 
methanol. The calibration curves were prepared using 
solutions of different concentration levels from 10 – 
550 μg/mL. 5 mg of glycyrrhizin in 50 mL methanol 
was used as the reference glycyrrhizin standard solu-
tion.



4

Yewale, Farash, Kulkarni, Palghadmal, Athawale, Sawant, Bhope, Padmanabhan

Figure 1. Chromatogram of standard Glabridin. Mobile phase A: Phosphate buffer; Mobile phase B- 100% 
acetonitrile, flow rate: 1 mL/min; detection: 280 nm. The retention time of glabridin was ~51 min.

Figure 2. HPLC chromatogram of ethyl acetate extract of licorice roots. Mobile phase A: Phosphate buffer; 
Mobile phase B- 100% acetonitrile, flow rate: 1 mL/min; detection: 280 nm.

results 
hPlc method 
Standard glabridin peak was obtained at the re-

tention time of 50.707 min (Figure 1) while the gla-
bridin peak was seen at 50.56 min with the glabridin 
extracted using EA (Figure 2). 

Several peaks of the flavonoids eluted at the reten-
tion times between 5 min to 63 minutes in the sam-
ple extract and these were integrated for enumeration 
of TF content. Figures 3, 4 and 5 represent the HPLC 

chromatograms of licorice extracts of acetone, di-
chloromethane and ethanol, respectively, wherein the 
retention time of glabridin was seen at 51.098, 50.29 
and 50.71 min, respectively.

Figure 3. HPLC chromatogram of acetone extract of licorice roots. Mobile phase A: Phosphate buffer; Mobile 
phase B- 100% acetonitrile, flow rate: 1 mL/min; detection: 280 nm.
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Figure 4. HPLC chromatogram of dichloromethane extract of licorice roots. 

Mobile phase A: Phosphate buffer; Mobile phase B- 100% acetonitrile, flow rate: 1 mL/min; detection: 280 nm.

               
Figure 5. HPLC chromatogram of ethanol extract of licorice roots. Mobile phase A: Phosphate buffer; 

Mobile phase B- 100% acetonitrile, flow rate: 1 mL/min; detection: 280 nm.

For LOD and LOQ calculations of glycyrrhiz-
inic acid, the established  linear equation  was  y = 
13,783.285x - 1,242.374, the r² (coefficient of deter-
mination) was 0.998, and  the calculated LOD and 
LOQ values were 0.31 mg/L and 0.95 mg/L, respec-
tively while for glabridin, the established linear equa-
tion was y= 52,367.4771x- 843.7015, the r² (coefficient 
of determination) was 1.000, and the calculated LOD 
and LOQ values were 0.13 mg/L and 0.41 mg/L, re-
spectively. Hence, the quantification range for glycyr-
rhizinic acid and glabridin by the method described 
in this paper is from 0.95 mg/L and 0.41 mg/L and 
above respectively.

Glabridin and water content in licorice root ex-
tracts using fresh, primary and secondary recov-
ered solvents 

The polarity index of acetone, ethanol, EA and 
dichloromethane is 5.1, 5.2, 4.4 and 3.1 respectively 

and we observed these solvents to have different hy-
groscopicity values (moisture-absorbing capacity) 
with acetone topping the list with 5.55% water con-
tent, followed by ethanol (3.4%), EA (0.77%) and di-
chloromethane (0.07%). It is evident from Table 1 that 
different solvents yielded different extraction yields of 
licorice roots following the order acetone > ethanol > 
EA > dichloromethane. The moisture content in the 
recovered solvents followed the order dichlorometh-
ane < EA < ethanol < acetone. The glabridin % content 
was maximum with dichloromethane (6.65%) extract 
followed by EA (5.59%), acetone (5.09%) and ethanol 
(3.73%) extracts, with fresh solvents. The glabridin % 
and TF content remained constant in all the extracts 
when recovered solvents were employed for extraction 
except for ethanol which showed a significant reduc-
tion in the yield of glabridin and TF in comparison to 
the yield achieved with fresh ethanol. 
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Glycyrrhizin content in licorice extracts using 
various solvents

The RT of the standard glycyrrhizin by the HPLC 
method employed was found to be nearly 12 min 
(Figure 6). 

            

Figure 6. Chromatogram of standard glycyrrhizinic acid. The HPLC was done using an isocratic mobile phase 
consisting of 2% formic acid and acetonitrile in the ratio 65:35 v/v.  flow rate: 1 mL/min; detection: 254 nm. 

The retention time of glycyrrhizin was 12.7 min.

table 1. Effect of extraction solvent and water content of the used solvents on the yield of Glabridin, TF and 
Glycyrrhizin from licorice roots

Lab trial No. Extraction solvent Extract 
yield (g%)

moisture 
contenta %

% Glabridinb 
%

Total Flavonoid 
content# % Glycyrrhizinc %

RDP/GG/015 ethyl acetate (fresh) 5.1 0.77 5.59 17.11 Not detectable

RDP/GG/016 ethyl acetate (recovered from RDP/
GG/015) 5.0 1.71 5.90 18.08 Not detectable

RDP/GG/018 ethyl acetate (recovered from RDP/
GG/016)  5.1 3.15 5.57 17.58 Not detectable

RDP/GG/019 acetone (fresh)  5.6 5.55 5.09 16.21 0.16

RDP/GG/020 acetone (recovered from RDP/
GG/019)  6.8 8.49 4.06 16.09 0.21

RDP/GG/021 acetone (recovered from RDP/
GG/020)  6.3 10.6 4.92 18.08 0.26

RDP/GG/022 dichloromethane (fresh)  3.5 0.07 6.65 20.04 0.12

RDP/GG/023 dichloromethane (recovered from 
RDP/GG/022)  3.0 0.21 8.24 23.48 0.05

RDP/GG/024 dichloromethane (recovered from 
RDP/GG/023)  3.0 0.28 7.37 22.06 Not detectable

RDP/GG/028 ethanol (100%- fresh) 6.7 3.40 3.73 15.08 0.68

RDP/GG/029 ethanol 
(recovered from RDP/GG/028 7.1 5.74 2.04 12.13 0.94

RDP/GG/030 ethanol 
(recovered from RDP/GG/029 6.0 7.15 1.89 11.87 1.57

RDP/GG/035 water 10.0 Not 
applicable 0.05 Not applicable 10.58

As expected, the maximum amount of glycyr-
rhizinic acid was achieved in the water extract of Gly-
cyrrhiza glabra roots (Table 1, Figure 7, panel b), fol-

lowed by ethanolic extract (Table 1, Figure 7, panel a), 
acetone extract and extract prepared with dichloro-
methane (Table 1, panel c and d respectively). 
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Figure 7. Chromatogram of Glycyrrhiza glabra extracts. Panel a: Ethanolic extract; panel b: water extract; 
panel c: acetone extract and panel d: dichloromethane extract. The HPLC was done using an isocratic mobile 

phase consisting of 2% formic acid and acetonitrile in the ratio 65:35 v/v.  flow rate: 1 mL/min; detection: 
254 nm. The retention time of glycyrrhizin was 12.7 min.
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dIscussIon 

Medicinal herbs and herbal extracts have been 
in use for improving human health and building im-
munity in humans since decades. The first step in the 
preparation of herbal extracts is the extraction of the 
bioactive components, its (their) identification and 
characterization. The most crucial factor affecting 
the extraction efficiency of such bioactive constit-
uents is the type of extraction solvent employed in 
the extraction process. In the context of glabridin 
extraction from licorice, solvents that have been used 
to date include water, methanol, ethanol, acetonitrile 
and chloroform (Tian, 2008). Acetone (Ao, 2015), EA 
(Xu, 2009;  Lv, 2010), supercritical carbon dioxide 
(SC-CO2) with ethanol (Hong, 2019) and 95% ethanol 
(Nakagawa, 2002)  are some of the solvents used for 
glabridin extraction. 

Since Tian and co-workers reported an optimal 
extraction of glabridin at 50 and 60oC (Tian, 2008), 
we chose the extraction temperature as 50oC in our 
studies except for dichloromethane, which was oper-
ated at 30-35oC, below its boiling point.  The highest 
yield of glabridin to date is 0.198 wt% with 95% etha-
nol, while it was 0.21% with acetone. Lv et al. describe 
the extraction of glabridin using EA with a yield of 
0.23% (Lv, 2010). Our present reporting ~0.29% yield 
of glabridin from licorice with EA is highest to date 
with the time of extraction to a maximum of 6 h as 
against 24 h and 48 h extraction times reported earlier 
(Tian, 2008; Hong, 2019). Since the solvent volumes 
used in this study is close to the volumes of solvents 
used by other workers, the higher yield of glabridin 
with EA seen is most probably due to the property of 
the EA solvent used for extraction.

From our studies, it is also clear that the yield of 
glabridin from Glycyrrhiza glabra roots was highest 
with dichloromethane, followed by EA, acetone and 
ethanol while the total licorice extract output per 100 
g of the raw material (roots of Glycyrrhiza glabra) was 
maximal in acetone derived extract followed by ex-
tract made using ethanol and EA. The extract output 
was least in extract made using dichloromethane. 

The glabridin content per 100 g of raw material 
was least with ethanol, followed by dichloromethane, 
acetone and EA. The glabridin content obtained with 
dichloromethane was in the range of 7-8% irrespec-
tive of whether the solvent was fresh or recovered, 
which would make the large-scale production batch-
es of glabridin using dichloromethane cost-effective. 
The next highest level of glabridin was achieved with 
EA as the extraction solvent which was consistent 
(5%) irrespective of the moisture status of the solvent. 
Our results of >7% extraction yield of glabridin from 
licorice roots using dichloromethane is the highest re-
port to date. Also, our observation of using dichloro-
methane to extract glabridin and TF from licorice is 
reported for the first time. These findings suggest that 
non-polar solvents like dichloromethane and EA are 
the ideal solvents for extracting bioactive compounds 
from Glycyrrhiza glabra roots. 

Since EA extract yield was almost double to di-
chloromethane, we recommend using EA as a solvent 
for the extraction of glabridin and TF from licorice 
roots. Our suggestion of EA as a preferred choice 
of solvent corroborates the observations of Ao and 
co-workers, who compared the stability of glabridin 
in seven different organic solvents and demonstrated 
maximum stability of glabridin in EA followed by ac-
etone (Ao, 2010).

The polarity index of the dichloromethane is 
lowest followed by EA, acetone and ethanol and this 
reason could be attributed for the observations of the 
highest glabridin and TF content in dichloromethane 
and EA licorice extracts than extracts made with eth-
anol and acetone.

An HPLC method for simultaneous quantifica-
tion of three flavonoids and four triterpenoids from 
licorice is reported (Wang and Yang, 2007). Our 
HPLC method also separates all flavonoids in a single 
run. The HPLC method presented, in this article, ap-
pears to be better than the described method of Chan-
drasekararan et al., (2011) since in our gradient HPLC 
method, all the flavonoid peaks, including the peak of 
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glabridin, are base to base resolved efficiently. Also, 
the proper resolution of all the flavonoid peaks has 
ensured the chromatographic purity of the individual 
peaks, thereby enhancing the specificity/selectivity of 
the developed method. It is noteworthy that the fla-
vonoids, being comparatively less polar, were found 
mainly in the less polar media like dichloromethane 
and EA. The extract made using dichloromethane is 
the optimum solvent of choice as it contains the maxi-
mum variety and number of flavonoids and glabridin.

Solvents used in herb extraction need to be vol-
atile and leave no residue when dried. This solvent 
property will make downstream processing easier, 
including solvent exchange and bioassay. The used ac-
etone produced during any processing contains vary-
ing quantities of water, and when recycled with most 
conventional recyclers, the distilled acetone has a pu-
rity of 96-97.5%. To remove the remaining water and 
increase the purity of recycled acetone to ~100%, mo-
lecular sieves are recommended (Baptista, 2013). All 
these additional steps would cause extra expenditure 
and cost to the herbal product. Hence, using a solvent 
that absorbs the least amount of moisture from plant 
extracts appears an attractive proposition. Hence, EA 
appears as an attractive alternative to acetone for such 
bioactive extractions. 

The relative rate of hygroscopicity (the rate of 
water absorption for a solvent with respect to chlo-
roform) has been reported to be in the order ethanol, 
2-propanol, acetonitrile, EA, acetone, methanol, chlo-
roform and the relative rate of evaporation was ether> 
acetone> chloroform > acetonitrile > methanol > EA 
> ethanol > 1-propanol> water  (Tan, 1982) with the 
rate of water absorption of acetone and EA being 
close. Since the yield of glabridin and TF was consis-
tent with EA, it appears tempting to suggest that EA is 
a better solvent than acetone.

There are several known uses and advantages of 
EA. EA is used not only in the pharmaceutical indus-

try but also in the food and beverage industry (Lee, 
2014). EA offers wines a fruity flavour and is used as 
an artificial flavour in ice creams and cakes. Its use as 
a solvent for varnishes, lacquers, dry cleaning, stains, 
for contact lenses, photographic films & plates, syn-
thetic flavouring, chemical intermediate, perfumes, 
in the leather processing industry, printing industry, 
absorbents and adsorbents, adhesives and binding 
agents, cosmetics, colouring agents, etc. is reported. 
There are several reports on the use of EA in the ex-
traction of active constituents from medicinal plants 
where the extraction efficiency is dependent on the 
polarity of the isolated compound (Altemini, 2017) 
and our present article substantiates such reports.

Glabridin has many beneficial properties for use 
in cosmetics where its antioxidant, estrogenic, skin 
depigmentation, anti-inflammatory, and skin-whit-
ening activities are utilized. In the light of these facts, 
it would benefit if the content of glabridin from lic-
orice is optimal. Hence, although, dichloromethane 
showed significantly low moisture-absorption capaci-
ty, its low amount of glabridin limits the use in large-
scale manufacturing. 

A survey by the World Health Organization has 
indicated the use of herbal medicines for primary 
healthcare since the herbal drugs are safe, natural, 
relatively accessible, and cheaper than the synthetic 
drugs (Yewale, 2020). Hence, our present article de-
scribing cost-effective methods to manufacture herb-
al extracts with active antiviral agents is attractive.
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Evaluation of the Cytotoxic Effect of Bisphenol A and Its 
Analogs in MCF-7 and HSeC Cell Lines in vitro

SUMMARY

Endocrine-disrupting chemicals like bisphenol A (BPA) and its 
analogs have negative effects on human health. This research aims to 
determine the cytotoxic effects of BPA and its four different analogs 
bisphenol S (BPS), bisphenol F (BPF), bisphenol Z (BPZ), bisphenol 
AF (BPAF)  on both cancer and healthy cell lines simultaneously by 
performing an MTT test. In this study, human breast cancer cells 
(MCF-7) and human Sertoli cells (HSeC) were used for cell culture. 
MCF-7 and HSeC were exposed to BPA, BPS, BPF, BPZ, BPAF 
for 24 h. After that, the inhibitory effect of Bisphenols (IC50) was 
determined by measuring the absorbance. While BPF was the least 
cytotoxic alternative depending on the highest IC50 values in both 
cell lines, BPZ was found to be the most cytotoxic alternative in 
HSeC cell line. In the MCF-7 cell line, BPA and BPZ were found to 
have equally cytotoxic effects.

Key Words: Endocrine-disrupting chemicals, bisphenols, cytotoxicity, 
MTT, MCF-7 cell lines, HSeC cell lines
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Bisfenol A ve Analoglarının MCF-7 ve HSeC Hücre Hatlarında 
in vitro Sitotoksik Etkisinin Değerlendirilmesi

ÖZ

Bisfenol A (BPA) gibi endokrin bozucu kimyasallar ve benzerleri 
insan sağlığı üzerinde olumsuz etkilere sahiptir. Bu araştırma, BPA 
ve dört farklı analogunun bisphenol S (BPS), bisfenol F (BPF), 
bisfenol Z (BPZ), bisfenol AF (BPAF) hem kanser hem de sağlıklı 
hücre hatları üzerindeki sitotoksik etkilerini MTT testi yaparak aynı 
anda belirlemeyi amaçlamaktadır. Bu çalışmada, hücre kültürü için 
insan meme kanseri hücreleri (MCF-7) ve insan sertoli hücreleri 
(HSeC) kullanılmıştır. MCF-7 ve HSeC, 24 saat BPA, BPS, BPF, 
BPZ, BPAF’ye maruz bırakılmıştır. Daha sonra, bisfenollerin (IC50) 
inhibitör etkisi absorbans ölçümü ile belirlenmiştir. En yüksek IC50 
değerleri nedeniyle her iki hücre hattında BPF en az sitotoksik 
alternatif iken, BPZ’nin HSeC hücre hattında en sitotoksik alternatif 
olduğu bulunmuştur. MCF-7 hücre hattında, BPA ve BPZ’nin eşit 
sitotoksik etkilere sahip olduğu bulunmuştur. 

Anahtar Kelimeler: Endokrin bozucu kimyasallar, bisfenoller, 
sitotoksisite, MTT, MCF-7 hücre hatları, HSeC hücre hatları
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INTRODUCTION
A great number of chemicals in the environment 

are toxic to human health. One of the most important 
effects of many chemicals such as food additives, pes-
ticides, herbicides, cigarette smoke is on the endocrine 
system. Such chemicals impact the endocrine systems 
and so are called ‘Endocrine Disrupting Chemicals 
(EDCs)‘, also known as xenoestrogenic (Zemheri and 
Uğuz, 2018). Endocrine-disrupting chemicals can be 
categorized as i) natural compounds, ii) pharmaceuti-
cals, iii) environmental pollutants, and iv)industrially 
relevant chemicals (Zacharewski, 1998). In the aquat-
ic environment such as surface water, wastewater, and 
sewage water, these chemicals are found in varying 
concentrations (Bhatnagar and Anastopoulos, 2017), 
and also they have various usage areas in the industry 
and homes (Zemheri and Uğuz, 2018). These chemi-
cals and their decomposition products can be muta-
genic, estrogenic, toxic, or carcinogenic (Zemheri and 
Uğuz,2018). Endocrine-disrupting chemicals cause 
overproduction or underproduction of hormones by 
mimicking the endocrine system or blocking a nat-
ural hormone (Bhatnagar and Anastopoulos, 2017). 

One of the endocrine-disrupting chemicals is bi-
sphenol A(BPA), which is widely used in the produc-
tion of plastic materials (Urriola‐Muñoz, 2018). Its 
chemical name is 2,2-bis (4-hydroxyphenyl) propane. 
In 1981, it was synthesized for the first time by Rus-
sian chemist Aleksandr P. Dianin (Xiao, 2020). BPA 
is found in the structure of many industrial products, 
including thermal paper, food containers, flame retar-
dants, building materials, electronic devices, medical 
equipment, and is a weak estrogenic chemical (Ur-
riola‐Muñoz, 2018). It is also used in making PVC, 
compact discs, automotive parts, bottles, and feeding 
bottles (Zemheri and Uğuz, 2018). The main route of 
exposure to BPA is food, and canned foods are the 
main sources of it (Murata and Kang, 2018). 

Increasing health concerns (Moreman, 2017) due 
to the effects of BPA on the reproductive, endocrine, 
immune and nervous system have led to the restric-
tion of BPA production and the search for alternative 

chemicals (Wu, 2018). Bisphenol compounds such 
as bisphenol S (BPS), bisphenol F (BPF), bisphenol 
Z (BPZ), bisphenol AF (BPAF) are chemicals used as 
alternatives to BPA. BPS contains a sulfone group and 
2 hydroxyl groups (Wu, 2018) and it is the structural 
analog of BPA (Qiu, 2018). It is used in the produc-
tion of epoxy resins and polycarbonate plastics, and it 
is more resistant to high temperatures and more sta-
ble than BPA (Wu, 2018). Also, it has endocrine-dis-
rupting effects similar to BPA (Qiu, 2018). BPF is 
another bisphenol derivative used as an alternative 
to BPA (Qiu, 2018). It is in the structure of materials 
such as lining and flooring materials, coating, plastics, 
pharmaceuticals (Mu, 2019), and also widely used in 
the production of lacquer, varnishes, liners, adhesives, 
water pipes, dental sealants, road and bridge deck 
toppings, and coatings for food packaging. Also, ac-
cording to both in vivo and in vitro studies, BPF has 
estrogenic properties similar to BPA (Mu, 2019). The 
extensive use of BPF leads to be found both in the 
human body (Qiu, 2018). Bisphenol Z (BPZ) whose 
chemical nomenclature is 1,1-bis (4-hydroxyphenyl) 
cyclohexane has been detected in many human and 
environmental samples (Kovačič, 2019). It can be 
used in the synthesis of anesthetic chemicals such as 
phencyclidine (PCP) (Schmidt, 2013). Besides, many 
personal care products, paper products, and food 
packaging materials contain BPZ. As well as enhanc-
ing plastics and electrical insulation, it is also used 
in high heat-tolerant materials (Lee, 2019). On the 
other hand, BPAF has recently been developed, and 
it is used in foodstuffs, as well as in electronic devic-
es (Yang, 2016). Among its uses are cross-linking re-
agents in fluoroelastomers, and  many plastic optical 
fibers (Yang, 2016). It can be more harmful than BPA 
because it consists of an electronegative CF3 moiety 
that is more reactive than CH3 of BPA (Lee, 2013). 

To detect cell viability after exposure to bisphe-
nols, cytotoxicity assays such as the LDH leakage 
assay, the neutral red, and the MTT test are carried 
out. Among those cytotoxicity assays, the MTT test is 
based on the ability of viable cells to reduce 3-(4,5-di-
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metyhlthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide into an insoluble purple formazan through suc-
cinate dehydrogenase within mitochondria, and for-
mazan accumulates in the viable cells. In our study, to 
determine cytotoxic effects of BPA, BPS, BPF, BPAF, 
BPZ on both MCF-7 and HSeC cell lines, the MTT 
test was performed. Using an MTT assay, we aimed 
to evaluate the cytotoxicity of BPA and four different 
analogs (BPS, BPF, BPZ, BPAF) on both cancer and 
healthy cell lines, simultaneously.

MATERIALS AND METHODS
Reagents 
The reagents were as follows: Bisphenols (BPs) 

(purity ≥99%); BPA, BPS, BPF, BPAF, BPZ, Dulbec-
co’s Modified Eagles Medium F-12 (DMEM F-12), 
3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium 
bromide (MTT), tyripsin, phosphate-buffered saline 
(PBS), trypan blue, fetal bovine serum (FBS), di-
methyl sulfoxide (DMSO). Bisphenols (BPs), DMEM, 
MTT, tyripsin, PBS, trypan blue used in this research 
were from Sigma-Aldrich, Germany. FBS and DMSO 
were purchased from Serva, Germany.

Cell Culture
To conduct cell culture and MTT assay, 

MCF7 (ATCC® HTB-22™) and HSeC (MM-HSE-2305) 
were used. After taking the cells out of -80°C, they 
were thawed less than 2 minutes in the 37°C water 
bath. The cells were immediately transferred to a 15 
mL tube containing DMEM in the laminar flow cabi-
net. They were centrifuged at 1000 rpm for 6 minutes. 
After centrifuge, the supernatant was removed. And 
then, they were transferred to the T25 flask. Finally, 
the flasks were placed in a %5 CO2 and 37°C incuba-
tor. For the next passage, the confluence of cells was 
observed every two days. Figure 1 and Figure 2 show 
the view of the confluence of cells. 

Figure 1. HSeC cell line. After passage, we 
checked the confluence of cells for the next passage. 

Since the cells do not fill the flask surface completely, 
it must be waited for the next passage.

Figure 2. Image of MCF-7 cell line under the 
microscope. The cells ready for the next passage due 

to their confluence.

Determination of cytotoxicity
Cell viability was determined using the MTT assay 

as previously described (Zhang et al.2017), and then 
the inhibitory effect of Bisphenols (IC50) value was 
analyzed. Cells (4000 cells/200 µl %10 DMEM) were 
seeded in 96-well plates, cultured for 1 day, and treated 
with different concentrations of BPA, BPS, BPF, BPAF, 
and BPZ (0.1, 0.5, 1, 5, 10, 50, 100, 500 μM) for 24 h. 
The cells within DMSO were used as a solvent control 
group. The medium containing BPs was removed, and 
200 μl 0,5 mg/mL MTT solution in DMEM was added 
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to each well. The plate was then incubated at 37 °C for 
4 h. The formazan was dissolved with dimethyl sulf-
oxide (DMSO) after removing the MTT solution. The 
amount of formazan dye product formed was quanti-
fied by measuring absorbance using a Thermo Scien-
tific Multiskan Go microplate reader at 560 nm.

Statistical Analysis
By measuring absorbance, the cell viability was 

determined, and the results were presented as mean 
+ standard deviation. A sigmoidal curve fitting ap-
proach was used to calculate cytotoxicity based on 
cellular viability vs bisphenol concentration and the 
IC50 values were taken from the concentration-re-
sponse curves.

RESULTS and DISCUSSION
Cytotoxic effects of Bisphenol A (BPA) and its 

analogs (BPS, BPF, BPZ, BPAF) in MCF-7 cells and 
HSeC cells

BPA concentration that reduces cell viability by 
50% (IC50) for MCF-7 cell line was calculated as 45 

µM whereas the IC50 BPA concentration for the HSeC 
cell lines was 35 µM. There was a significant decrease 
in cell viability in both MCF-7 and the HSeC at 100 
µM. As a result of BPS exposure, the IC50 value for 
MCF-7 was 450 µM while the IC50 value for the HSeC 
was found to be 105 µM. Even at high concentrations 
of BPF, no decrease in cell viability was seen in the 
MCF-7 cell line. However, the IC50 value for the HSeC 
was calculated as 435 µM. BPZ exposure resulted 
in a decline in the viability of both MCF-7 and the 
HSeC cell lines. The IC50 value for MCF-7 was 45 µM 
whereas the IC50 value for the HSeC cell lines was cal-
culated to be 25 µM. IC50 values for BPAF that cause 
cell viability of both MCF-7 and the HSeC cell lines 
to decrease significantly at high concentrations were 
calculated to be 56 µM and 48 µM for MCF-7 and 
HSeC, respectively. Calculated IC50 values for MCF-7 
and Sertoli cell lines are shown in Table 1.

Taken together, BPA and its analogs have cytotox-
ic effects on both cancer cells and non-cancer cells.

Figure 3. The graphic of concentration of BPA µM (x-axis) versus MTT % of Control.
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Figure 4. The graphic of concentration of BPS µM (x-axis) versus MTT % of Control.

Figure 5. The graphic of concentration of BPF µM (x-axis) versus MTT % of Control.

Figure 6. The graphic of concentration of BPZ µM (x-axis) versus MTT % of Control.
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Figure 7. The graphic of concentration of BPAF µM (x-axis) versus MTT % of Control.

Table 1. IC50 (µM) values for MCF-7 and HSeC versus Bisphenol analogs. The IC50 value of BPF was not 
calculated for MCF-7 cell line.

BPs MCF-7 HSeC
BPA 45 35
BPS 450 105
BPF - 435
BPZ 45 25

BPAF 56 48
In MCF-7 cell line IC50 (µM) values are respectively; BPF>BPS>BPAF>BPZ=BPA; in HSeC cell line IC50 (µM) values 

are respectively; BPF>BPS>BPAF>BPA>BPZ.

DISCUSSION
In this experiment, BPA and its analogs (BPS, BPF, 

BPZ, BPAF) with different concentrations were pre-
pared. Considering the fact that bisphenols affect the 
male reproductive system and cause breast cancer in 
females, MCF-7 and HSeC cell lines were used in our 
study. The prepared bisphenols were exposed to MCF-
7 and HSeC for 24 h and then, the amount of formazan 
dye product was evaluated by measuring absorbance. 
The objective of this study was to assess the cytotoxic-
ity profiles of BPA and its analogs on both MCF-7 and 
HSeC cell lines at the same time. 

Several studies have demonstrated that bisphenols 
are related to several pathological conditions such 
as endocrine disorders, type II diabetes, reproduc-
tive system disorders, cancer (Rahmani, 2020, Wang, 

2020). Accordingly, it was claimed that BPA reduces 
daily sperm production and causes infertility (Geens, 
2012, Gerona, 2013, Aris, 2014, Chen, 2016). More-
over, female offspring’s mammary gland formation 
is affected (Muñoz-de-Toro, 2005), and testosterone, 
LH, and FSH hormone balance are disrupted by BPA 
(Nakamura, 2010). Additionally, it can alter signal 
pathways that regulate cell growth and proliferation, 
leading to increased proliferation of cancer cells (Mu-
rata and Kang, 2018). In one study conducted by Neri 
et al. (2015), cytotoxic effects of BPA on monocytes 
cell line was evaluated by using trypan blue assay. As a 
result, they found that cytotoxic effects have increased 
based on the higher concentrations of BPA. In a study 
investigating the cytotoxic effect of Bisphenol A on 
MCF-7 cell lines and amniocytes, cell damage induced 
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by BPA was determined by performing the MTT test. 
This study, in which genotoxic damage was also de-
termined, revealed that BPA caused a significant cyto-
toxic effect on the MCF-7 cell line (Aghajanpour-Mir, 
2016). Our study also confirms this situation. In our 
study, we found the IC50 value of BPA in the MCF-7 
cell line as 45 µM (Table 1 and Figure 3). A study eval-
uating the cytotoxic effect resulting from BPA expo-
sure on MCF-7 cell line found that the IC50 value was 
approximately 65 µM (Hernández-Hernández, 2019). 
By Hernández-Hernández, 3T3-L1 was used as a 
healthy cell line. Accordingly, the IC50 value of 3T3-L1 
cell line was higher than MCF-7 cell line. In our study, 
we used the Sertoli cell line (HSeC) as a healthy cell. 
However, we calculated IC50 value in HSeC to be lower 
(Figure 4). This may be due to the fact that the healthy 
cell lines used in two different studies are morpholog-
ically and physiologically different from each other. 
While the healthy cell line we used is a cell belonging 
to the male reproductive system, the 3T3-L1 used in 
this study is the mouse fibroblast cell.

On the one hand, the researches offered evidence 
that the toxicity profiles of BPA analogs are similar or 
higher than BPA. For example, BPS, which has sim-
ilar estrogen and androgen receptor activity to BPA 
(Wu, 2018), has been demonstrated to have pro-in-
flammatory effects on the mouse macrophage cell line 
(Qiu, 2018). In addition, it may cause obesity as BPA 
(Wu, 2018). In a study comparing the toxic effects of 
five different BPA analogues including BPF and BPAF, 
it was shown that alternative compounds may have 
higher toxic effects compared to BPA (Sharin, 2021). 
A study was conducted in which the toxicity of BPA 
and BPS was compared on human bronchial epithe-
lial cells (BEAS-2B). It was stated that both BPA and 
BPS have led to induce cytotoxicity and DNA damage 
(George and Rupasinghe, 2018). In a study in which 
the cytotoxic effect of BPAF, BPA, and other analogs 
was evaluated by Lei et al. (2016), it was stated that the 
cell viability of MCF-7 increased significantly between 
0.01-1 µM concentration, while at high concentra-
tions, cell viability was notably reduced between 25-
100 µM (Lei, 2016). According to our results, BPS and 

BPF caused a decrease in cell viability between 100-
500 µM (Figure 4 and 5), while BPZ and BPAF caused 
cell damage between 20-60 µM (Figure 6 and 7). 
Moreover, as the researchers stated that the cytotoxic 
effect of BPAF may be similar to or rather lower than 
BPA (Lei, 2016), in our study, we also found the cyto-
toxic effect of BPAF was similar to BPA. On the other 
hand, some studies revealed that BPA analogs have 
been less toxic compared to BPA. Hercog et al. (2020) 
evaluated the effect of cyanotoxins and bisphenols in 
HepG2 cells altogether. In their study, MTT assay was 
used to assess the cytotoxicity, and γH2AX assay that 
measures the induction of DNA double-strand breaks 
(DSBs) was conducted. Their results showed that the 
BPs (BPA, BPS, BPF) alone didn’t reduce either cell 
viability or induced DSBs (Hercog, 2020). One study 
examined the cytotoxicity and genotoxicity of BPA 
and BPF using intestinal, hepatoma, and renal cell 
lines. Results revealed that BPA proved to be the most 
toxic compound, but BPF had intermediate cytotoxic 
effects (Audebert, 2011). In another study, Kose et al. 
(2020) have assessed the cytotoxicity, oxidative stress, 
and genotoxicity of bisphenol derivatives in RWPE-
1 cells. They concluded that the highest level of cy-
totoxicity was found for BPA, followed by BPF and 
BPS. Ikhlas et al. (2019) have investigated BPA ana-
logs’ toxic effects due to the lack of data available on 
BPA analogs. These researchers used BPB and BPF as 
common BPA analogs. Their findings confirmed the 
fact that induction of cytotoxicity by BPB and BPF in 
human peripheral blood cells. Their studies suggested 
that BPA analogs have the capability of inducing cy-
totoxicity through genotoxicity and oxidative stress. 
Russo et al. (2018) tested the toxicity of seven ana-
logs of BPA (bisphenol AF, bisphenol B, bisphenol M, 
bisphenol A diglycidyl ether, bisphenol S, bisphenol 
F, bisphenol E) to compare their toxicity with that of 
BPA. They have used a combination of in-silico and 
in-vitro techniques. They have suggested that four bi-
sphenol A analogs (BPAF, BPB, BPM, BPA diglycidyl 
ether) caused the more toxic effect, while the rest of 
the analogs (BPS, BPF, BPE) resulted in less toxic ef-
fect compared to BPA (Russo, 2018). 
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CONCLUSION

BPS, BPF, BPZ, BPAF are structural analogs of BPA 
and are widely used in industries. Although they are 
used instead of BPA in many areas, few details exist 
about the toxicity of alternative bisphenols. There-
fore to elucidate their toxic potentials, we conducted 
the MTT assay on MCF-7 and HSeC cell lines. It is 
known that bisphenols damage reproductive systems 
and cause cancer. We chose healthy and cancer cells to 
compare them because there are no sufficient studies 
on the toxic effect of Bisphenols on both cancer cells 
(MCF-7) and male reproductive cells (HSeC). In the 
MTT assay, we found that BPF was the least cytotoxic 
alternative because of its highest IC50 values in both cell 
lines compared to other alternatives (Table 1). BPS was 
determined to be the second least cytotoxic analog. As 
for the BPAF, it was found to have higher cytotoxicity 
than BPF and BPS. BPAF, however, had lower cytotox-
icity than BPA and BPZ. In the HSeC cell line, BPZ 
was found to be the most cytotoxic alternative while 
BPZ and BPA were found to be equally cytotoxic in the 
MCF-7 cell line. Taken together, our study will simul-
taneously bring about in comparison with MCF-7 and 
HSeC cell lines after bisphenols are exposed to them. 
Also, it is highly significant to examine the toxicolog-
ical profiles of these compounds to estimate the rela-
tionship between exposure and toxic outcomes. How-
ever, other mechanisms such as oxidative stress, DNA 
damage, and other parameters can cause cell damage. 
As a consequence, further studies are still required.
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SUMMARY

The ability of a controlled or modified drug delivery system to supply 
the drug in a sustained way and assure on-demand bioavailability 
makes it preferable to traditional drug administration. Due to the 
reliance on alkoxysilane silica precursors, the preparation of silica/
polymer composite delivery material is costly. As a result, this study 
looked into using the bamboo leaf as a silica starting material. To 
evaluate in vitro degradability and modified-release in phosphate-
buffered saline (PBS) solution, the ash from the bamboo leaf was 
mixed with polyhydroxy butyrate (PHB) solution to make a (SiO2/
PHB) composite, which was then loaded with the medication, 
tetracycline hydrochloride (TCH). The shape, phase composition, 
and chemical bond characteristics of the materials were evaluated 
using scanning electron microscopy (SEM), X-ray diffractometry 
(XRD), and Fourier transform infrared spectroscopy. An ultraviolet 
(UV) spectrophotometer was used to determine the TCH release 
profile. The SiO2/PHB composite was found to have a successful drug 
loading ability. In addition to regulated degradability in PBS, the 
composite exhibited a steady and sustained TCH release, with the 
degradation solution pH remaining below safe limits. As a result, 
the formulation of SiO2/PHB for continuous TCH delivery from 
bamboo leaf-derived silica suggests a significant potential economic 
benefit for a safe, regulated drug delivery method. 

Key Words: Bamboo leaf, alkoxysilanes, composites, modified drug 
release, silica, tetracycline hydrochloride.
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Bambu Yaprağından Elde Edilen Silika Kullanılarak Hazırlanan 
SiO2/Polihidroksibutirat Kompozitten Modifiye İlaç Salımı

ÖZ

Kontrollü veya modifiye edilmiş ilaç salım sistemleri, ilacı 
sürekli vermesi ve istenilen biyoyararlanımı sağlaması nedeniyle 
konvansiyonel ilaç uygulama sistemlerine göre tercih edilmektedirler. 
Alkoksisilan silika prekürsörlerine bağlı olarak silika/polimer 
kompozitlerin taşıyıcı malzeme olarak üretilmeleri pahalıdır. Sonuç 
olarak, bu çalışma bambu yaprağını silika başlangıç malzemesi olarak 
kullanmayı amaçlamıştır. İn vitro bozunmayı ve modifiye edilmiş 
salımı fosfat tamponlu tuz çözeltisinde (PBS) değerlendirmek için, 
tetrasiklin hidroklorür (TCH) ile yüklenen bir (SiO2/PHB) kompozit 
yapmak için bambu yaprağından gelen kül, polihidroksibütirat 
(PHB) çözeltisi ile karıştırılmıştır. Malzemelerin şekli, faz bileşimi 
ve kimyasal bağ özellikleri, taramalı elektron mikroskobu (SEM), 
X-ışını difraktometrisi (XRD) ve Fourier dönüşümü kızılötesi 
spektroskopisi kullanılarak değerlendirildi. TCH salınım profilini 
belirlemek için bir ultraviyole (UV) spektrofotometre kullanıldı. SiO2/
PHB kompozitinin başarılı bir ilaç yükleme yeteneğine sahip olduğu 
bulundu. İlave olarak PBS’de düzenlenmiş bozunabilirliğe ek olarak, 
kompozitin, bozunma çözeltisi pH’ının güvenli sınırların altında 
kalmasıyla, TCH’yi sabit ve sürekli bir şekilde saldığı bulundu. Sonuç 
olarak, bambu yaprağından türetilen silikadan sürekli TCH salımı 
için Si02/PHB formülasyonu, güvenli, düzenlenmiş bir ilaç verme 
yöntemi olarak önemli bir potansiyel ekonomik fayda sağlayacaktır.

Anahtar Kelimeler: Bambu yaprağı, Alkoksisilan, kompozitler, 
modifiye edilmiş ilaç salımı, silika, tetrasiklin hidroklorür.
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INTRODUCTION

The purpose of targeted drug delivery systems is 
to deliver medications at the right dosage for the right 
amount of time to a specific site of action in the body. 
This is done to ensure that the medicine has the re-
quired pharmacological effect while avoiding any neg-
ative effects on other organs or tissues. For successful 
therapy, controlled drug delivery systems (DDS) at-
tempt to achieve efficient drug administration while 
avoiding systemic and/or local side effects (Anselmo 
and Mitragotri, 2014). DDS has several advantages 
over traditional drug administration, including en-
hanced efficacy, lower toxicity, and improved tissue or 
cell targeting (Uhrich, 1999). Other benefits include 
reduced administration frequency, improved patient 
compliance, and higher commercial worth of market-
ed medications due to patent extension.

Many scientists have concentrated their efforts 
on biodegradable polymers and how to modify their 
properties in the previous decade. Based on this, 
combining inorganic and organic nanomaterials has 
proven to be a more persuasive way for generating 
nanocomposites with biodegradable polymers as the 
organic component. When compared to neat poly-
mers, nanocomposites with superior melt strength, 
mechanical properties, crystallization rate, barrier 
characteristics, thermal stability, and degradation 
rate, can overcome the problem of drug burst.

Because of their ability to create porous archi-
tecture, uniform distribution of guest molecules in 
porous space, surface charge management, free dis-
persion throughout the body, and, most importantly, 
their size, optical characteristics, high surface area, 
low density, adsorption capacity, and encapsulation 
ability, porous silica particles (PSP) are appealing in 
drug delivery (Sakai-Kato, 2011; Bitar, 2012). As a re-
sult, PSP, especially in the form of mesoporous silica 
nanoparticles (MSN) is at the forefront of drug deliv-
ery. According to in vitro and in vivo biocompatibility 
tests (Fruijtier-Poelloth, 2012; Kettiger, 2015), PSP is 

also safe and well-tolerated.

The traditional routes to PSP are alkoxysila-
nes (Parfenyuk and Dolinina, 2014; Mohseni, 2015; 
Parfenyuk and Dolinina, 2017; Kierys, 2020). How-
ever, the toxicity of alkoxysilanes is well documented 
(Nakashima, 1998), and besides, their high cost (Es-
sien, 2012) renders them unattractive for large-scale 
synthesis of PSP. Before reaching the market, place 
nanomedicines are expected to satisfy the core objec-
tives of clinical translation and industrial technology 
transfer. The latter would involve the scaling-up pro-
cess (Shi, 2016), where reproducibility and the total 
costs are likely to constitute obstacles for effective 
commercialization.

A positive alternative could be based on a change 
of strategy towards biomass-derived silica. The ad-
vantage is not limited to eco-friendliness but renew-
ability and cost-effectiveness. The advantages are even 
more profound if the biomass does not serve as a food 
resource or has little or no significant pharmacologi-
cal or industrial applications. 

The bamboo leaf is one important biomass that 
has the potential to meet these requirements. It is 
regarded as waste or garbage and, consequently, has 
received little attention in the past. Nonetheless, 
there are studies (Dwivedi, 2011; Mohapatra, 2011; 
Aminullah, 2015) showing that the SiO2 content of 
bamboo ranges from 65.85 – 82.86%. The current 
study, therefore, explored the use of silica extracted 
from the bamboo leaf for the preparation of a carrier 
system for modified drug release. Based on literature 
information, no previous research has been done on 
the creation of a silica-based polymer composite for 
modified drug release using bamboo leaf silica.

MATERIALS AND METHODS

Materials

The silica precursor, bamboo (Bambusa vulgaris) 
leaves were collected in a bush around the University 
of Lagos, Lagos, South-West, Nigeria, and authenticat-
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ed at the University of Lagos Herbarium (LUH5493). 
The following analytical grade reagents were pur-
chased from Sigma-Aldrich: Poly(3-hydroxybutyrate) 
(PHB), (96% purity with average molecular weight = 
600,000 g/mol) and chloroform (HPLC grade, assay 
99%); doubly-distilled deionised water, sodium chlo-
ride, sodium dihydrogen phosphate, potassium chlo-
ride, and disodium hydrogen phosphate were used for 
phosphate-buffered saline solution preparation (pH 
7.4). Tetracycline hydrochloride (TCH) (capsules, 
500 mg) was purchased from a registered pharmacy.

Silica Preparation

Biosilica was extracted from the bamboo leaves as 
described previously by Kow et al. (2014). The leaves 
were initially separated from sand, stone, and other 
unwanted materials, then washed with double dis-
tilled deionized water before sun-drying. The leaves 
were further dried in a hot air oven at 105 °C for 72 
hours and ground to form a powder. The pulverised 
material was transferred into a muffle furnace and 
burnt at 800 oC for 3 hours at a ramping rate of 10 oC/
min to obtain silica ash. 

Preparation of SiO2/PHB Composite

The SiO2/PHB composite was prepared by the 
nanoprecipitation technique. Accordingly, 1 g of the 
biosilica was initially dispersed in chloroform (30 mL) 
with an ultra-sonicated (Ultrasonic cleaner, CLEAN 
120HD) at 40 W, 30 oC for 5 min. Afterwards, PHB 
powder (0.5 g) was added and the temperature was 
adjusted to 45 oC. Next, the mixture was sonicated 
further for 2 hours to complete the dissolution of the 
PHB to form a colloidal solution. On completion, the 
mixture was immediately cast into cylindrical moulds 
measuring 10.4 mm × 5.2 mm (height x diameter) in 
dimension and allowed to dry at ambient conditions 
for 7 days. After removal from the mould, the sample 
was labelled SPC.

Preparation of SiO2/PHB-TCH Composite

The biosilica was similarly dispersed in chloroform 
to the neat silica/PHB composite to perform the TCH 

drug loading of the silica/PHB composite. Thus, after 
sonicating the biosilica for 5 min, PHB powder (0.5 
g) was added and sonicated further for 2 min, then 
150 mg of the model drug, TCH (corresponding to 10 
wt% of matrix weight) was dispersed in the polymer 
matrix. This resulting suspension was again sonicat-
ed at 45 oC for 2 h. Then, the homogeneous solution 
obtained was cast into cylindrical moulds measuring 
10.4 mm × 5.2 mm (height x diameter) in dimension 
and allowed to dry the room temperature for 7 days. 
Upon completion of the drying process and removal 
from the mould, the sample was tagged SPC/TCH.

Characterization

The tensile and compressive strengths of the 
drug-loaded and unload composites were measured 
on a universal testing machine (MODEL BAB-200, 
Transcell Technology) with a 100 kgf load, at a cross-
head rate of 50 mm/min. The samples presented for 
the tests were in triplicates.

In an energy dispersive X-ray fluorescence (EDX-
RF) spectrometer, elemental analysis was conducted 
to determine the composition of the samples (Mini-
pal 4). The samples were pulverized into extremely 
fine particles and homogeneously sieved through a 
150-micron mesh sieve. On the machine’s sample 
changer, the appropriate masses of the samples were 
weighed into sample cups. For oxides, the voltage was 
set at 14 kV using a Kapton filter, and for trace ele-
ments, it was adjusted to 20 kV with an Ag/Al-thin 
filter. 

A scanning electron microscope was used to ex-
amine the microstructure of the composites (Phenom 
ProX, Phenomworld). Using a quorum-Q150R Plus 
E sputter coater, the samples were distributed over 
carbon conductive tape and sputter-coated with 5 nm 
gold.

The phase composition and crystallinity of the 
materials were investigated using an X-ray diffrac-
tometry (XRD)  (Empyrean Panalytical) system that 
used Cu K radiation with a wavelength of 1.5418 nm 
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and a tube current of 40 mA to generate the X-ray. 
The samples were evaluated using the - parameters 
on the reflection-transmission spinner stage. With a 2 
step of 0.026261 at 8.67 seconds each step, the diffrac-
tion angle was scanned from 4 to 75o.

The spectra depicting the chemical bond proper-
ties of the composites were obtained from a Fourier 
transform infrared spectrometer (Agilent Technology 
Cary 630 FTIR) in transmittance mode. The spectra 
were obtained by averaging 30 scans at 8 cm-1 resolu-
tions over the spectral scan range of 4000– 650 cm-1.

Experiment on Drug Release In Vitro

For the in vitro drug release study, the SPC/TCH 
composite (0.25 g) was immersed in a 100 mL release 
medium of PBS, pH 7.4 in a clear glass vial and in-
cubated at 37 °C with constant agitation of 50 rpm 
for a maximum of 28 days. The PBS solution was 
withdrawn at pre-defined time intervals to determine 
the quantity of TCH released, which was measured 
as absorbance with a UV/visible spectrophotometer 
(T70+ UV/Vis Spectrometer, PG Instruments Ltd.) at 
a wavelength of 358 nm. The TCH stock concentra-
tion of 5−100 µg/mL in PBS solution was first used 
to obtain the calibration curve, and the drug concen-
tration was extrapolated from an absorbance-concen-
tration calibration curve. The quantity of the cumu-
lative TCH released from the SPC/TCH composite 
was plotted against time and calculated relative to the 
initial drug weight in the polymer matrix. The drug 
release evaluation was carried out in triplicates.  

In Vitro Degradation Test 

The weight loss of the SPC/TCH composite was 
studied for a maximum of 28 days by incubating 0.39 
g of the sample in 20 mL of PBS (pH 7.4) at 37 oC with 
constant stirring at 50 rpm. The samples were stored 
in glass vials secured with a lid to prevent evapora-
tion of the PBS buffer. The PBS soaking medium was 

not refreshed during the incubation period (1, 7, 14, 
21, and 28 days) to allow for the daily (1 – 14 days) 
determination of pH changes. The change in pH of 
the degradation media was monitored with a pH me-
ter (Metrohm, Germany), while the test environment 
was UV-sterilised to prevent microbial contamina-
tion, which could affect the validity of the result. After 
removing from PBS, the samples were cleaned with 
distilled-deionized water and dried in the oven at 105 
°C until a constant weight was obtained, then cooled 
and stored in a desiccator at ambient temperature for 
60 min. The degradation (weight loss) in percentage 
was estimated according to the relation (1) (Yu, 2013) 
W0 and Wt are the dry weights of the original and de-
graded specimens, respectively, and D is the degrada-
tion rate.

D= [(W0 – Wt)/W0] x 100%                   (1) 

RESULTS AND DISCUSSION

Composition of the Bamboo Leaf-Derived Sil-
ica

The yield of the silica based on the dry weight of 
the bamboo leaf biomass was 46.27%. This result com-
pares with the study of Rangaraj and Venkatachalam 
(2017) which obtained 49.88% of silica from bamboo 
leaf biomass after burning dried bamboo leaf at 750 
oC for 3 h in a muffle furnace. The elemental compo-
sition of the calcined bamboo leaves as determined by 
EDXRF is given in Figure 1. The analysis shows a high 
percentage abundance of silicon (80%), which agrees 
with previous reports (Arumugam, 2018; Renita, 
2019) and hence indicates that bamboo leaf is a rich 
source of silica. Traces of calcium, phosphorus, potas-
sium, aluminium, magnesium, sulphur, and chlorine 
were also observed. It is very interesting to observe 
the absence of toxic heavy metals, like Pb, As, and Ni, 
indicating that the prepared biosilica is safe for use in 
preparing drug delivery vehicles.
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Figure 1. EDXRF spectrum of the bamboo leaf-derived silica showing a high percentage content of Si and 
the absence of toxic heavy metals.

Mechanical Properties

The compressive strength for SPC was 0.897 ± 
0.12 MPa, while the tensile strength gave 6.222 ± 0.24 
MPa and a force downfield of 8.952 Kgf. From the 
comparison of typical composite scaffold stress-strain 
curves, this moderate result was due to the presence 
of pores in the microstructure caused by incorpora-
tion of silica into the material. The result shows that 
the material was not compact but contained pore 
structures that could enable the encapsulation of 
drugs if applied in controlled/modified release. The 
compressive strength of SPC/TCH was 0.989 ± 0.3 
MPa, while the tensile strength gave 6.884 ± 0.27 MPa  
and with a force downfield of 8.952 Kgf. The slight 
difference in the strength of the drug-loaded and un-
loaded composites was due to the filling of the pores 
in the composite by the drug. This result compares to 
a previous study (Chou and Woodrow, 2017) on drug 
release from electrospun fibres of polycaprolactone 
(PCL) and poly(D, L-lactic-co-glycolic) acid (PLGA) 
blends. The fibres in this investigation, which had a 
tensile strength of up to 6.409 MPa, declined dramat-

ically in PBS; 20% after 1 h, 30% after 48 hours, and 
90% after 240 hours in the release media. After 1 h, 
the average tensile strength of the drug-loaded fibres 
had decreased by 60%, 50%, and 50%, respectively, 
.and after 240 hours, the tensile strength reduced by 
80%, indicating that drug release leads to a decrease 
in mechanical properties.

Morphology

The microstructure of SPC (Figure 2(a)) revealed 
the presence of aggregates of SiO2 crystals embedded 
in the polymer matrix. These sites are seen all over the 
surface of the polymer matrix. The surface on which 
the particles are embedded appear flat and broad, thus 
presenting a large surface area. A large surface area is 
important to confer a high specific capacity needed 
to provide high drug loading capacity (Pang and Na-
zar, 2016). After loading with TCH (Figure 2(b)), the 
surface became more compact with a larger number 
of particle aggregates, increased in the number of em-
bedment sites, and consequently, giving a much larger 
surface area. This is caused by the drug molecules fill-
ing up the micropores in the material.
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Diffraction Patterns 

The diffractograms showing the phase identifica-
tion of the crystallographic structure of the compos-
ites are presented in Figure 3. The diffraction pattern 
of SPC exhibited peaks that match both PHB and SiO2 

components in the sample (Figure 3(a)). Prominent 
peaks are observed at 2θ 21.5°, 26.5°, 28.5°, 31.5°, 
36.5°, and 40° 2θ which match cristobalite (SiO2) in 
both angular position and intensity when indexed 
with the standard reference file ICDD # -01-077-
1317 (Hao, 2015). The peaks corresponding to PHB 
are located at 2θ 13.5°, 17.0°, 45°, and 57° (Renita, 
2019). The SPC sample exhibited a semi-crystalline 
behaviour, judging from the sharpness and intensity 
of diffraction peaks and the nature of their pattern 
at the baseline. The presence of SiO2 and PHB peaks 
in the XRD spectrum support the SEM result, which 
showed SiO2 embedment in a polymer matrix.

The XRD pattern after drug loading (SPC/TCH) is 
depicted in Figure 3(b). All the SiO2 and PHB peaks 
identified in the spectrum of SPC are still present. In 
addition, three new peaks emerged at the angular po-
sitions 2θ 10.55o, 26.18o, and 30.95o, corresponding 
to the TCH crystal plane reflections (Thangadurai, 

2005; Blanchard, 1989). There was no difference in 
diffraction patterns between the SPC and SPC/TCH. 
However, a slight decrease in baseline intensity was 
observed for SPC/TCH. This is attributed to the im-
pregnation of the drug into the polymer matrix (Basu 
and Adhiyaman, 2008).

Bond Properties

The vibrational modes of the sample without the 
drug (SPC) and that containing the drug (SPC/TCH) 
are presented in the FTIR spectra (Figure 4). The 
spectrum of SPC (Figure 4(a)) contains bands at 1738 
and 1207cm-1 attributed to the vibrational stretching 
of C=O and C—O bonds, respectively, and are due 
to the presence of PHB.  The presence of PHB in the 
sample is further indicated by the C–H stretch at 2937 
cm-1. The successful incorporation of silica into the 
polymer matrix is confirmed by the peaks observed at 
1114, 1051, 988, 908, and 855 cm-1. The peaks at 1114 
and 1051 correspond to Si–O–Si stretching vibrations 
(asymmetric). The signal at 988 cm-1 is considered 
for the asymmetric vibrational stretching of Si–OH, 
while those at 908 and 855 are ascribed to the stretch-
ing (symmetric) of Si–O–Si bond (Liu, 2004).

Figure 2. SEM micrographs of (a) SPC showing SiO2 embedded in PHB matrix and (b) SPC/TCH; where 
SiO2 and TCH are embedded in the PHB matrix. White arrows show some embedment sites. 
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Figure 3. XRD patterns of (a) SPC and (b) SPC/
TCH. C = cristobalite, P = PHB and T = TCH.

The large peaks at 3587 and 3335 cm-1 are linked 
to O–H stretching of surface water molecules, as evi-
denced by the angular vibration at 1628 cm (Adams, 

2017). The presence of hydroxyl group (OH) in the 
sample confirms the hydrophilicity of the silica. The 
appearance of the hydroxyl group can be attributed 
to the silanol bonds solely responsible for the adsorp-
tive behaviour of hydrophilic silica and silicate surfac-
es. These silanol groups can participate in hydrogen 
bonding between the silica and PHB, resulting in the 
formation of a rigid material. It is therefore suggested 
that the semi-crystalline nature of SPC observed in 
the XRD result was due to this phenomenon.

After drug loading, the sample (SPC/TCH) gave 
some shifts in vibrational frequencies as observed in 
Figure 4(b). The C=O and C−O stretching are now 
observed at 1729 and 1237 cm-1, respectively, while 
the C−H stretching bond undergoes vibrational 
coupling to give two modes: at 2922 and 2855 cm-1 
due to the methylene (CH2) hydrogens of the PHB. 
Furthermore, the Si–O–Si asymmetric stretching vi-
bration, which was observed in the unloaded sample 
became diffuse, while the one initially located at 1051 
cm-1 is shifted to 1021 cm-1. Also, the peaks linked to 
the Si–O–Si vibrational symmetric stretching signal 
disappeared from the spectrum. These manifestations 
were a result of the impregnation of the drug into the 
polymer matrix. It is also worthy of mention that the 
disappearance of some of the FTIR peaks justify the 
reduction in the baseline intensity of the XRD peaks 
observed previously in the SPC/TCH XRD spectrum 
(Figure 3(b)).

Figure 4. The vibrational frequencies and intensities of the bonds present in (a) SPC and (b) SPC/TCH 
FTIR spectra.
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Confirmation of the presence of TCH in the com-
posite was seen by the increase in the intensity of the 
O−H large band centred at 3217 cm-1, which was due 
to the joint contribution of O−H vibrational stretch-
ing of the hydroxyl group in surface water and that in 
the TCH. Additionally, a prominent peak developed 
at 1636 cm-1 and another smaller one at 1543 cm-1 
which is due to C=O stretching in the tetracycline 
rings (Caminati, 2002).

Biodegradability Assessment of the SiO2/PHB-
TCH Composite

The degradation behaviour of SPC/TCH on im-
mersion in PBS solution was monitored for a total 
duration of 28 days at 37 °C. The loss of weight and 
degradability upon immersion were studied using 
the relation in Equation 1. Figure 5 represents the 
degradation of the composite at different times after 
soaking in PBS for 28 days. Degradation was observed 
to be insignificant at the onset of the study due to a 
loss of about 6.64% of its initial weight in 24 hours, 
suggesting slow hydrolytic degradation of the sample. 
The weight loss increased up to 32% on the 7th day, 
58.24% on day 14, 66.50% on the 21st day, and reach-
ing 68.51% loss on the 28th day. The degradation re-
sults suggest that most of the components were lost in 
28 days after soaking in PBS. 

Freier et al. (2002) reported that PHB scaffold gave 
slow hydrolytic erosion in PBS medium when incu-
bated at 37°C owing to the crystalline and water-re-
sistance nature of PHB. The degradation behaviour 
often depends on the structure and arrangement of the 
polymer matrix, pore sizes, and degradation media. 
The depletion of PHB in the degradation medium by 
hydrolysis was caused by irregular cleavage of the ester 
linkages in the polymer matrix, causing a lowering of 
the molar mass; the reduction in the molar mass results 

in loss of weight and macroscopic shapes (Peña, 2006). 
PHB degradation occurs through hydrolysis and pro-
duces butyric acid, which decreased the pH of the PBS 
solution. The degradation kinetics exhibited by the 
composite is significant for sustained drug release.

The pH changes of SPC/TCH monitored for 14 
days in PHB are depicted in Figure 6. The pH de-
creased linearly during the first 6 days, then slowed 
between 6 – 12 days, and remained constant after the 
12th day at a value of 7.11. The generation of some-
what acidic breakdown products from the breaking of 
the ester links in the PHB caused the pH to drop. In-
terestingly, the pH changes of the medium were at val-
ues that would not be cytotoxic such that may lead to 
aseptic inflammation (Wang, 2016) if the composite 
material is to serve as an in vivo drug delivery vehicle.

In Vitro Drug Release Examination

The release profile of SPC/TCH in the PBS me-
dium at pH 7.4 and at 37 °C as determined by UV–
visible spectroscopy at 358 nm is presented in Figure 
7. The TCH cumulative release curves exhibited effi-
ciently sustainable release, giving only a slight bipha-
sic pattern (Figure 7 inset) usually associated with a 
drug embedded in a polymer as the only encapsulat-
ing material (Swornakumari, 2018). A release of 7.132 
µg/mL at 0 - 1 h was observed, which was 4.74 % of 
the total concentration of the encapsulated drug. Af-
ter 2 h, the cumulative release was 9.63 µg/mL, 14.60 
µg/mL after I day, representing 6.40 and 9.70%, re-
spectively. The modified release was sustained beyond 
these periods until the 28th day. As seen in Figure 7, 
the cumulative releases were 38.6, 60.89 and 74.5% for 
7, 14, and 21 days, respectively. At the end of the 28th 
day, the cumulative release reached a peak value of 
126.39 µg/mL, accounting for 84% of the drug. 
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Figure 5. In vitro degradation (weight loss) of 
SPC/TCH soaked in PBS for 28 days.
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Figure 6. pH changes of the SPC/TCH soaked in 
PBS for 14 days.

Figure 7. In vitro TCH release profile of SPC/
TCH immersed in PBS for 28 days. The release pro-

file for the first 2 days is shown in the inset.

The modified release profile can be explained in 
terms of adsorption of the TCH onto the SiO2 net-
work structure, which reduced the instantaneous 
burst release of TCH at the initial stages, thus giving 
rise to a slow and sustained TCH release. The slight 
burst of the drug observed during the first 2 hours 
(Figure 7 inset) was due to incomplete adsorption 
of the TCH by SiO2. Further TCH release was due to 
bulk diffusion from the silica network structure. The 
mechanism of drug release from polymeric nanocom-
posites is usually such that the drug is desorbed from 
the surface of the nanoparticles and diffused through 
the pores of the drug vehicle; the polymeric carrier is 
eroded and degraded as it absorbs water from the re-
lease medium. The rate of dissolution is slower for the 
particles remotely inside the polymeric matrix and 
often relies on diffusion through the matrix (Fernán-
dez-Colino, 2016). Since the core to the surface diffu-
sion rate decreases with time, the rate of release of the 
drug also decreases, hence, the drug is sustained.  The 
result obtained from this study conforms to an earlier 
study by Luo et al. (2018), even though they used TiO2 
in place of SiO2.
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CONCLUSION

A silica/PHB composite was prepared where the 
silica was obtained economically from a bamboo leaf. 
The composite material was loaded with the drug 
TCH to serve as a drug carrier system to study mod-
ified drug release. Results obtained indicated a suc-
cessful encapsulation of the TCH into the polymer 
matrix. The drug release test conducted on the ma-
terial gave a good sustained release profile where the 
SiO2 component played a significant role in adsorbing 
the TCH molecule, thus leading to its delayed release. 
The degradation rate of the composite during a 28-day 
duration in PBS showed the ability of the PHB-sili-
cate network to degrade controllably while releasing 
the drug, which is optimal for a material intending to 
serve as an in vivo drug release vehicle.

Of great significance is that the silica was obtained 
from biomass, which besides being an inexpensive 
source, the preparation process poses no health con-
cerns or danger to the environment when compared 
to the corresponding analytical grade silica starting 
materials, usually alkoxysilanes. Also worthy of note 
is that the bamboo plant is widely available and, in 
most places, where it grows, it serves as a biowaste, 
thus making it attractive as large-scale silica starting 
material for preparing SiO2/polymer composite for 
drug delivery application.
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Preparation, Optimization, and Evaluation of Pellets 
Containing Mesalamine With Natural Gums For Colon 
Drug Delivery System

SUMMARY

The purpose of the present work was to formulate colon-targeted 
mesalamine pellets containing gums of Moringa oleifera Lam. 
(MOG) and Cyamopsis tetragonolobus Taub. (CTG). Formulation 
of single stimuli mediated release is also difficult to target colon due 
to variation in the physiological condition, so in present work, pH-
dependent and enzyme degradation mechanisms are being used to 
release of drug at the colonic site.
Extrusion and spheronization techniques were used for the 
preparation of pellets. For formulation optimization, factorial design 
study 32 was used for the selection of the optimized batch. 
It was found that high ratio of solvent 80:20 and 10% and 7.5%  
concentration of MOG and CTG respectively produce optimized 
pellets showed good physical properties and release for F8M and  F8C 
and after coating it showed in vitro release at the colonic condition 
and in vivo roentgenographic images for targeting. 
As to say as advantages, spheronization and extrusion method was 
proved to have economized, whereas natural gums used to control 
release which added advantage as being as inert and biocompatible. 
This further formulation scope at industrial scales to reduce side 
effects of synthetic polymer and make it more biocompatible with 
the body.

Key Words: Mesalamine, pellets, Moringa oleifera gum, Cyamopsis 
tetragonolobus gum, in vivo colon targeting
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Kolona Hedefli Doğal Sakız ve Mesalamin İçeren Pelletlerin 
Hazırlanması, Optimizasyonu ve Değerlendirilmesi

ÖZ

Bu çalışmanın amacı Moringa oleifera Lam. (MOG) ve Cyamopsis 
tetragonolobus Taub. (CTG)’ den elde edilen sakızları içeren kolona 
hedefli mesalamin pelletlerinin hazırlanmasıdır. Tekli uyaran 
aracılı salımın kolona hedefli olarak gerçekleştirilmesinin fizyolojik 
koşullardan dolayı zor olması nedeniyle salımın kolonda sağlanması 
için pH ve enzime duyarlı salım mekanizmaları kullanılmıştır. 
Pelletlerin hazırlanmasında ekstrüzyon ve sferonizasyon teknikleri 
kullanılmıştır. Formülasyonun optimizasyonunda, optimize serinin 
seçimi için faktöriyel tasarım çalışması 32 kullanılmıştır. Yüksek 
çözücü oranı (80:20) ve MOG ve CTG’nin sırasıyla %10 ve %7.5 
konsantrasyonlarda kullanımının optimize pelletlerin elde edilmesini 
sağladığı saptanmıştır. Elde edilen optimize pelletler hedeflendirme 
için iyi fiziksel özellik göstermiş ve F8M ve F8C formülasyonları ve 
bunların kaplanmış formülasyonları kolon ortamında iyi in vitro 
salım özelliği göstermiş ve in vivo röntgenografik görüntü vermiştir. 
Avantaj olarak söylemek gerekirse, sferonizasyon ve ekstrüzyon 
ekonomik açıdan avantaj sağlarken kontrollü salım sağlamak 
amacıyla kullanılan doğal kaynaklı sakızlar inert ve biyouyumlu 
yapıları ile avantaj sağlamıştır. Bu formülasyon, endüstriyel ölçeklerde 
sentetik polimerin yan etkilerini azaltıp vücutla daha biyouyumlu 
hale getirebilir.

Anahtar Kelimeler: Mesalamin, pelletler, Moringa oleifera 
zamkı, Cyamopsis tetragonolobus zamkı, in vivo kolon hedefleme.
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INTRODUCTION

Ulcerative colitis (UC) is one of the inflammatory 
bowel diseases (IBD) developed at the colonic site re-
sults in various complications which affects the deliv-
ery of drugs at the colonic site with conventional for-
mulation as the colon is the distal part of the gastro-
intestinal tract (GIT).  Immediate release of drugs at 
the colonic site is quite difficult when taken orally, get 
maximum absorbed in upper GIT, and deficient con-
centration of drug remains available for direct effect 
at the affected colonic area. Colon targeting is essen-
tial to achieve an immediate therapeutic response for 
colon diseases like ulcerative colitis, Crohn’s disease, 
colorectal cancer etc., by releasing the drugs at the tar-
get site (Lorenzo-Lamosa, Remuñán-López, Vila-Jato, 
& Alonso, 1998). Various approaches have been used 
to target drug at the colonic place, including coating 
with pH-dependent polymer, the formation of a pro-
drug, conjugation with monoclonal antibodies, and 
biodegradable material (Sinha & Kumria, 2001a). 
These recent approaches have numerous advantages 
like reduced dose, improved therapeutic effect, and 
reduced systemic side effects over the conventional 
methods.

In the present study, mesalamine is used as a drug 
to treat UC. In the last four decades, sulfasalazine has 
been used for the treatment of IBD. Sulfasalazine is 
a conjugate of mesalamine and sulfapyridine (Stolk, 
Rietbroek, Wiltink, & Tukker, 1990). Mesalamine is 
released into the colon by breaking the azo bond of 
sulfasalazine by the reductase enzymes secreted by co-
lonic bacteria and shows the therapeutic effect (Sinha 
& Kumria, 2001b). As per the recent studies related 
to the use of sulfasalazine containing two moieties 
from that mesalamine shows potent effect in therapy, 
whereas sulfapyridine shows various adverse effects. 
Some research was carried out for the prevention of 
adverse effects of sulfapyridine because the admin-
istration of mesalamine alone without conjugation 
with sulfapyridine gets degraded in upper GI, and less 
concentration drug remains available for targeted ef-
fect at the colonic site. For protection the drug from 
gastric degradation and delivery of drug at a specific 
area to show potential results in the treatment of UC, 

various formulations have been designed to prevent 
mesalamine degradation at the upper part of GIT and 
to release at the infected area (Cao, Jin, Ding, Zhang, 
& Xu, 2016). Previous work were carried out on me-
salamine formulations like enemas (Hanauer, 1998; 
Kam, Cohen, Dooley, Rubin, & Orchard, 1996; Safdi, 
1997) capsule (Hanauer, 1993; Hanauer, 1998), matrix 
tablet (Friciu, 2013;Patel, Shah, Amin, & Shah, 2009; 
Pawar & Gautam, 2016; Tuğcu-Demiröz, Acartürk, 
Takka, & Konuş-Boyunağa, 2004), minitablets (Mo-
hanta, 2019) microparticle (Čalija, 2013; Kakar, Batra, 
& Singh, 2013; Lorenzo-Lamosa, 1998) and also some 
pellets formulations (Bendas, Christensen, & Ayres, 
2010). All these formulations have advantages as well 
as some limitations which include, rectal adminis-
tration providing sound impact as compared to oral 
administration and some difficulties for administra-
tion (patient compliance and local effect on limited 
area) respectively (Kam, 1996). Capsules and matrix 
tablets are monolithic systems; sometime drugs may 
release at the upper GIT due to rupturing of film or 
capsule shell, so to prevent these types of limitations, 
the multi-particulate approach for treatment of coli-
tis is more promising release the drugs at the colonic 
site. Pellets have been used as multi-particulate dos-
age forms for a couple of decades (Isaac, 2018). Pel-
lets as a drug delivery system shows various pharma-
co-technical and therapeutic advantages due to their 
multi-particular nature, which includes good flow-
ability, less friability, uniform size distribution, and 
ease of coating to release at the desired site. Therapeu-
tic benefits include avoiding the risk of toxicity due to 
dose dumping and more minor irritation in GIT (Al-
Hashimi, Begg, Alany, Hassanin, & Elshaer, 2018). 

Formulation of colon-specific mesalamine pellets 
with natural gums of Moringa oleifera (MOG) and 
Cyamopsis tetragonolobus (Guar gum/CTG), these 
gums contain  polysaccharides which act as prebiotics 
(apart from its binding and release retarding prop-
erties) helpful for the growth of colonic microflora 
responsible for anti-inflammatory activity in IBD 
(Hedin, Whelan, & Lindsay, 2007). These gums are 
readily available, non-toxic and biocompatible (Mo-
hanta, 2019). Various polysaccharides are widely used 
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as carriers for drugs to target colonic sites with the 
enzyme-dependent release (Sinha & Kumria, 2001a). 
These gums are used previously as release retardants 
for various formulations. MOG used in curcum-
in matrix tablet (Singhal, Daud, Jarald, & Showkat, 
2012) and in hydrogel (Singh & Kumar, 2018a, 2018b) 
to release drugs at the colonic site, whereas CTG is 
used in matrix tablets (Tuğcu-Demiröz, 2004), minit-
ablet (Mohanta, 2019),  and in microsphere of mebev-
erine to release the drugs at colonic site for treating 
IBD (Patel & Amin, 2011). In the present study, these 
gums were used for the preparation of colon- specific 
pellets in the treatment of UC. MOG and CTG was 
not used till in pelletization, whereas gums like xan-
than gum (Santos, Veiga, Pina, & Sousa, 2004) and 
mastic gum is used earlier (Deshpande, Gowda, & 
Mahammed, 2013).

In the present study, formulation of colon-specific 
pellets were prepared by the extrusion–spheronization 
technique which is one the most popular techniques 
for the preparation of pellets (Muley, Nandgude, & 
Poddar, 2016). It has various advantages on other 
methods such as being a simple and easy technique 
for scaling-up, cost-effective, flexible in processing, 
and simple automation (Ige & Gattani, 2012). Desired 
properties of pellets like sphericity, roundness, hard-
ness, aspect ratio and release of drug were achieved 
by experimental design 32 depending on different 
variables and their responses. Mono release retarding 
coating layer is not sufficient for releasing of the drug 
at the colonic site to achieve the desired effect which 
can be rationalized and achieved with a further coat-
ing of pellets with a pH-responsive polymer, which 
ensures the protection from the environment of upper 
GIT, which is not suitable for the mesalamine release 
(Pawar & Gautam, 2016; Tuğcu-Demiröz,  2004). The 
coating of pellets was done in a fluidized bed coater 
with the enteric coating copolymer Poly(methacry-
late acid, methylmethacrylate) 1:2 (Eudragit S 100) 
and evaluated for in vitro release and in vivo targeting 
studies for confirmation of release at colonic site. This 
formulation retarded the release of drug at the upper 

part of GIT with reproducible effects and showed 
more excellent target-specific release at the colonic 
site, confirmed with in-vitro release and in vivo roent-
genographic study. 

MATERIAL AND METHODS

Materials

Mesalamine was purchased from Research lab 
Fine chemical industries(Mumbai, India), Moringa 
oleifera gum collected from the plant after incision, 
Cyamopsis tetragonolobus gum(Guar gum) and Avi-
cel-PH 101 were purchased from Research-lab Fine 
chemical industries (Mumbai, India), and Isopropyl 
alcohol (IPA) purchased from Loba Chemie (Mum-
bai, India). Deionized distilled water was used in the 
studies.

Methods

Preparation of pellets

Pellets containing mesalamine with MOG and 
CTG were prepared by extrusion and spheroniza-
tion technique. Various formulations were made with 
design expert software version 12, and the composi-
tion of formulations are shown in Table 1 and 2 for 
MOG and CTG, respectively.  The composition of 
mesalamine and excipients for separate batches were 
accurately weighed, mixed uniformly, and water and 
Isopropyl alcohol in the specified ratios for the indi-
vidual batches were added in sufficient amount, as 
wetting agents to form a wet mass. The wet mass of 
the formulation was passed through a single screw 
extruder of 1 mm apertures to obtain a uniform ex-
trude at 80 rpm operational speed at room tempera-
ture. Obtained extrudes were added in a spheronizer 
(Shakti, SSP120GMP) consisting of a 2 mm friction 
plate of cross-hatch grooves. Operating speed was set 
at 1000 rpm for the duration of 10 min to obtain uni-
form shape pellets. After the spheronization process, 
the pellets were dried overnight at room temperature 
(Hamedelniel, Bajdik, & Pintye-Hódi, 2010; Muley, 
Nandgude, & Poddar, 2017).
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Factorial design

A 32 full factorial design was used in stat ease 
design expert software version 12 for optimization 
and selection of batch with the sound effect. In the 
factorial study for MOG, the independent variables 
were different concentrations of MOG(A) and the 
ratio of wetting solvent Water: IPA (B), each at three 
different levels (-1,0,+1), as shown in Table 3 and for 
the factorial study for CTG, the independent vari-
ables were different concentrations of CTG(A) and 
the ratio of wetting solvent Water: IPA (B), each at 
three different levels (-1,0,+1), as shown in Table 4. 

The dependent variables for both gums studied were  
drug release %, yield %, hardness, sphericity and 
roundness. For the optimization of formulation by 
using experimental design, nine batches of each gum 
of pellets formulation were prepared. Responses were 
observed with different concentrations of MOG of 
5%, 10%, and 15% and the ratio of wetting liquid wa-
ter and IPA of 90:10 to 80:20, and the same for CTG 
as per preliminary data of 5%,7.5 %, and 10% were 
selected as shown in Tables 3 and 4 (Hamedelniel,  
2010; Joshi, Pund, Nivsarkar, Vasu, & Shishoo, 2008).

Table 1. Composition of Mesalamine pellets for MOG

Composition in mg F1M F2M F3M F4M F5M F6M F7M F8M F9M

Mesalamine 400 400 400 400 400 400 400 400 400

Avicel PH101 265 230 195 265 230 195 265 230 195

MOG 35 70 105 35 70 105 35 70 105

Water: IPA 90:10 90:10 90:10 85:15 85:15 85:15 80:20 80:20 80:20

Table 2. Composition of Mesalamine pellets for CTG

Composition in mg F1C F2C F3C F4C F5C F6C F7C F8C F9C

Mesalamine 400 400 400 400 400 400 400 400 400

Avicel PH101 265 247 230 265 247 230 265 247 230

CTG 35 52.5 70 35 52.5 70 35 52.5 70

Water: IPA 90:10 90:10 90:10 85:15 85:15 85:15 80:20 80:20 80:20

Table 3.Factorial studies for MOG

Factor Name Level(-1) Level(0) Level(+1)
A Concentration of MOG 5% w/w 10% w/w 15% w/w
B Ratio of Water:IPA 90:10%v/v 85:15%v/v 80:20%v/v

Table 4.Factorial study for CTG

Factor Name Level(-1) Level(0) Level(+1)
A Concentration of CTG 5% w/w 7.5% w/w 10% w/w
B Ratio of Water:IPA 90:10%v/v 85:15%v/v 80:20%v/v

Coating of pellets

Coating of pellets was performed in a fluid-
ized-bed coater (ACG Pharma Technology Pvt. 
Ltd.). 10 gm sample of pellets was used for coating 
purposes. Coating dispersion was optimized on a 
trial-and-error basis and prepared by dissolving 
10% w/v Eudragit S100 in the mixture of IPA: water 

(90:10). Dibutyl phthalate 5 % (w/ w related to the dry 
weight of polymer) was added directly to the poly-
mer dispersions as a plasticizer. Finally, 5% w/w of 
talc as a glidant and titanium dioxide as an opaquant 
extender was added. The processing parameters were 
set for coating, temperature for inlet air was set at 40 
°C, and the temperature for outlet was 25 to 35 °C. 
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The atomization pressure was set at 2.0 bars, and the 
spraying of coating dispersion was done with a single 
spray with an internal diameter of 0.5 mm at the rate 
of 0.5 mL/min. The process was continued to achieve 
a 10% (w/w) weight gain. Spraying was stopped af-
ter the desired coating was achieved, and pellets were 
fluidized in a coater for an additional 30 minutes for 
drying (The level of the coating was selected as per 
the literature survey for the proper release of drug at 
the colonic site) (Hamedelniel and Pintye-Hodi 2011; 
Kaffash et al. 2019).

Compatibility study

Differential scanning calorimetry (DSC)

For determination of compatibility or chemical 
interaction, a DSC study of pure Mesalamine, MOG, 
CTG, and pellets was performed to find changes af-
ter the formation of pellets. DSC thermograms were 
obtained using a SHIMADZU Crio-DSC (Japan). 10 
mg of hermetically sealed sample was placed in the 
sample holder and heated at a heating rate of 20oC/
min from 0oC to- 300oC, and all thermograms were 
compared (Liu, Fishman, Kost, & Hicks, 2003; Tho, 
Sande, & Kleinebudde, 2002). Characteristic peaks 
were recorded, and the specific heat of the melting en-
dotherm was evaluated. At least a duplicate was car-
ried out for each sample and the mean of the results 
were used. Thermal properties were analyzed for ret-
rogradation and gelatinization (Shaikh & Kale, 2020).

Fourier-transform infrared (FTIR) spectroscopy

The powder sample of the Mesalamine, MOG, 
CTG, Avicel PH101, physical mixture and formula-
tion pellets of MOG and CTG were kept at 500oC in 
the oven for drying for about 24h to remove moisture 
content. After drying of powder, a sample of mesal-
amine was then mixed with KBr at 1:100 by using a 
mortar and pestle. Samples of other excipients MOG, 
CTG, and Avicel PH101 were taken to determine the 
compatibility of the drug with gums and other excipi-
ents used in the formulation. FTIR spectra at a wave-
length ranged from 400 to 4000 cm−1 was recorded 

using an FTIR spectrophotometer with the resolution 
of 4 cm−1 (SHIMADZU DR-8031, Japan) (Kaffash,  
2019; Muley,  2017; Singh, Reddy, & Khan, 1996).

Physical properties evaluation

Yield %

The yield % of pellets prepared by extrusion and 
spheronization were calculated by using the following 
formula:

%Yield Theoretical Yield
Practical Yield

X100=  (1)

Hardness 

The digital pellet hardness tester was used to 
check the hardness of pellets (Veego 01/0110). A sin-
gle pellet was placed into the rotating anvil and base 
of hardness tester, the value was set at zero, and screw 
moved till pellet was broken. This procedure was re-
peated three times for precision (Muley,  2017). 

Pellet evaluation

Sphericity, aspect ratio, and roundness

Pellets’ images were captured and analyzed by Im-
ageJ software to find the area (A), longest (dmax), and 
shortest (dmin) diameters and perimeter (P), and three 
shape factors, sphericity, roundness, and aspect ratio, 
were calculated by following formulas:

Sphericity
P

A4
2
r=    (2)

Roundness A
P
4

2

r
=    (3)

d
min
max

Aspectratio d
=    (4)

Where A is an area, P is the perimeter, dmax is 
the longest, and dmin is the shortest diameter of the 
pellets. For sphericity values range from 0 to 1, poor 
spherical value is 0, and perfect sphere shows a value 
equal to 1, and for roundness value close to 1 indi-
cates more smooth and a value greater than 1.20 ob-
served not that much smooth (Hileman, Goskonda, 
Spalitto, & Upadrashta, 1993; Kaffash,  2019; Mezreb, 
Charrueau, Boy, Allain, & Chaumeil, 2004; Paterakis, 
Korakianiti, Dallas, & Rekkas, 2002).



40

Pathan, Siddiqui

Scanning electron microscopy (SEM)

SEM imaging was done to confirm the surface tex-
ture of the pellets sample. As per standard procedure, 
pellets sample was coated with a thin layer of gold 
under vacuum on SEM stub and sample stub kept in 
SEM analyzing chamber, operated at 10kV and run 
samples at different magnification (Supra 55, Carl 
Zeiss, German) (Auriemma,  2013; Pund, Joshi, Vasu, 
Nivsarkar, & Shishoo, 2010).

Drug content

Mesalamine pellets were weighed accurately theo-
retically, equivalent to 100 mg of drug and crushed to 
a fine powder in a mortar and dissolved in a 100 mL 
solution (5 mL 0.1 N HCl + 95 mL PBS) and sonicated 
for 30 min. Dilution was made twice with 1 mL in 10 
mL of phosphate buffer saline 0.05M in a 10 mL volu-
metric flask. The absorbance of the solution measured 
at 330 nm using an UVspectrophotometer (Shimadzu 
1800). Absorbance values obtained from the analyses 
were used for the calculation of drug content (Kakar,  
2013).

Drug content of pellets in triplicate was deter-
mined by using the following formula (eq.no.5)

%Drugcontent The reticaldrugcontent
Experimentaldrugcontent

100#
q

=   (5)

Drug Release of Uncoated Pellets

Drug release studies of all formulations of uncoat-
ed pellets of MOG and CTG was performed by plac-
ing pellets theoretically equivalent to 100 mg mesala-
mine into USP Type-I apparatus of dissolution tester 
(Electrolab). The dissolution medium of 900 mL of 
0.1N HCl was kept at 37.0 ± 0.5 °C. Basket’s rotational 
speed was set at 75 rpm. A sampling of 5 mL medium 
was done at 15 min intervals and replaced with 5 mL 
of fresh medium. Testing was conducted for up to 2 
hours analyzed on U.V. Spectrophotometer at 303nm 
wavelength (Shimadzu 1800).

Release kinetics of formulation were determined 
by plotting release data with various release patterns 
such as Higuchi, Hixson Crowell, Korsmeyer Peppa’s, 
zero-order, and first-order  (Auriemma,  2013; Costa, 
Sousa, Pais, & Formosinho, 2003; Ige & Gattani, 2012). 

Drug release of coated pellets

Dissolution tests of enteric-coated pellets were 
performed in a dissolution tester by placing pellets 
theoretically equivalent to 100 mg mesalamine into 
the USP Type-I apparatus basket of dissolution tes-
ter (Electrolab). The dissolution media of 900 mL of 
0.1N HCl was kept at 37.0 ± 0.5 °C. Baskets rotational 
speed was set at 75 rpm. A sampling of 5 mL medi-
um was done at 15 min intervals and replaced with 
5mL of fresh medium up to 2 hours analyzed on U.V. 
Spectrophotometer at 303nm wavelength (Shimadzu 
1800). The followed by replacing dissolution media 
and performed release study for 2h in phosphate buf-
fer pH 6.8  and  4 h at phosphate buffer pH 7.4 sample 
analyzed on U.V. Spectrophotometer at 330nm wave-
length (Shimadzu 1800) (Quinteros, Manzo, & Alle-
mandi, 2010; Stolk,  1990; Tuğcu-Demiröz, Acartürk, 
Takka, & Konuş-Boyunağa, 2007). 

In vivo roentgenographic study

An in vivo roentgenographic study was performed 
for the evaluation of colon targeting. The in vivo study 
was carried out on New Zealand white rabbits. Six 
male rabbits weighing 2-2.5 kg were used, and proto-
col for the animal study was approved from All proce-
dures for in vivo studies were approved by the Institu-
tional Animal Ethical Committee (IAEC) of SBSPM’s 
B.Pharmacy college, Ambajogai (SBSPM/BPHARM/
IAEC/2020-21/01) and the care and use of animals 
was following the guidelines of the committee for the 
purpose of control and supervision of experiments 
on animals (CPCSEA), Ministry of fisheries, animal 
husbandry, and dairying (MoFAH &D) Government 
of India. Pellet formulations with same composition 
with optimized batch F8M and F8C, 50% drug re-
placed with radio-opaque substance barium sulfate 
and formulated with the same method described for 
pellets and further coating with eudragit S100 was 
done with the same procedure mentioned for coat-
ing. After overnight fasting, the pellets containing 
a radio-opaque substance were filled in size 5 hard 
gelatin capsules and administered to rabbits using an 
oral capsule injector with a flushing of 20 mL of water. 
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Siemens X-Ray machine was used for X-Ray images 
for targeting study. The rabbit was placed in a prone 
position for the imaging process. The X-ray images 
were taken at the time interval of  1, 2, 3,4,5,7, and 
8 h. (Parmar, Parikh, Mundada, Bhavsar, & Sawant, 
2018; Singh & Pathak, 2015).

Statistical analysis

The results of the study are presented as mean± 
Standard deviation (SD). For optimization study of 
different variables and their the comparison, one-way 
ANOVA was used in Design expert software. A P val-
ue <0.05 was considered to be significant for compar-
ison of varying formulation batches.

RESULTS

Compatibility study

FT-IR

Determination of compatibility is done with FTIR 
studies of drug and excipient as shown in supplemen-
tary file page number S1-S4. In the IR spectrum of 
mesalamine, functional groups observed that C=O 
carbonyl (1618.33 cm-1), C-N amine (1354.07 cm-

1), C-O alcohol (1136.11 cm-1), C-H aromatic out-
of-plane bending (794.70 cm-1), and C-H aromatic 
stretching (3099.71 cm-1), which are the functional 
groups of mesalamine. The observed frequencies, in 
1618 and 1136 cm−1, were attributed carboxylic group 
and alcoholic group, respectively.  

DSC

DSC curves for drug and formulation showed 
in supplementary files S4-S7. The pure mesalamine 
showed a sharp endothermic peak at 288.89 °C that 
indicates the melting point of mesalamine. MOG 
showed a broad peak at 223.41°C with an onset of 
209.32°C and an end set of 244.92°C. CTG showed 
a broad peak at 220°C up to 280°C.  Pellets of MOG 
showed a peak at 283.98°C, and pellets of CTG showed 
a shorter peak at 288.36°C, unlike pellets MOG.

Optimization studies

The preliminary investigations were done for se-
lection of upper and lower limit of concentration of 
gums and ratio of wetting liquid on a trial-and-error 

basis depending upon the uniform shape and me-
chanical strength of pellets. The lower limit for both 
gums was found 5%, and the upper limit was found to 
be 10% and 15% for CTG and MOG, respectively, and 
water: IPA ratio was found to be 90:10 and 80:20 after 
critical examination of upper and lower limit respec-
tively as mentioned in Tables 3 and 4. 

For final optimization of formulation and in-depth 
investigation of the effect of independent variables on 
responses was done by experimental design technique 
32 on DOE software. The factorial study was carried 
out to find a significant effect of most influencing fac-
tors; those are the different concentrations of gums 
and wetting liquid on responses include release, yield, 
sphericity, roundness, and hardness, as mentioned in 
Table 5 and 6. The study was performed to the selec-
tion of the best levels of independent variables, and 
on that basis, the final optimized formulation batch 
was selected. Nine batches were made with each gum, 
and all responses were observed, which were fitted 
in a different model. From that basis, we found the 
optimum level of an independent variable. In opti-
mization studies, various polynomial equations were 
obtained, as shown in table S7 of supplementary file 
for a relationship of factor, and responses. The posi-
tive sign indicates a synergistic effect, and the negative 
sign shows the antagonistic effect (Bodea & Leucuta, 
1997). As discussed above, IPA is added to water to 
reduce hydration of both gums. Effect in hydration 
change by adding IPA can be graphically represented 
by response surface curve as shown in Figures 1 and 2. 
It can be clearly understood by the 3D bar chart pro-
vided in supplementary file S7-S9.  As per the graph 
(Figure 1 & 2), the effect of different ratios of IPA and 
concentrations of gums on various properties of pel-
lets; % yield, hardness, roundness, sphericity, aspect 
ratio, and % drug release.

Effect of independent variables on the various 
parameters, firstly hardness of pellets formulation, 
according to both curves, it revealed that when the 
concentration of IPA increases, hardness of pellets 
decreases as observed in F7M, F8M and F9M batch-
es showed 0.24±0.013, 0.181±0.023 and 0.181±0.023 
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respectively which is low in hardness in contrast, the 
lower concentration of IPA formulation F1M, F2M 
and F3M showed 0.456±0.024, 0.463±0.011 and 
0.517±0.052 respectively which is higher hardness.

These formulations are also proportionally affect-
ed in terms of hardness to the concentration of gums 
- the concentration of MOG increases, hardness in-
creases and when concentration decreases, vice versa. 
Higher hardness in F3M and F6M, and lower hard-
ness was observed in F1M, F4M, and F7M shown in 
Tables 5, and 6.

Sphericity close to 1 indicates that more spherical 
particles and values less than 1 indicate less spherical 
at an optimum concentration of gum and IPA indicat-
ed that good sphericity 0.9±0.052 and 0.982±0.010for 
formulation F8M and F9C respectively and round-
ness less than 1.20 indicates smooth surface for iden-
tical batches 1.11±0.068, and 1.01±0.026. According 

to the optimization study, sphericity is more affected 
with the concentration of gum and ratio of solvent, 
at a moderate concentration of gum and high con-
centration of IPA showed good sphericity, roundness, 
and aspect ratio, it observed in formulation F8M 
and F9C 0.9±0.052 and 0.982±0.010  and round-
ness 1.11±0.068 and 1.01±0.026 respectively also it 
is shown that more effect of concentration solvent it 
followed that in batch F7M, F8M and F9M also same 
observation for gaur gum pellets in F7C and F8C only 
in F9C show less sphericity may be due to high con-
centration of gum and decreasing concentration of 
IPA shows less sphericity and roundness as per the 
observation of all factors and responses optimized 
formulation F8M and F8C were selected for the coat-
ing to achieve targeted release at colonic site. All these 
properties included sphericity, roundness, and aspect 
ratio for smooth coating.

Table 5. Evaluation results for optimization batches of pellets MOG

Run
Conc. of 

MOG
Water: 

IPA
Yield

%
Hardness
Kg/cm2

Sphericity Roundness Release
Aspect 
ratio

1 -1 -1 85.23 0.456 0.712 1.4 94.11 1.05

2 0 -1 91.14 0.463 0.721 1.38 88.12 1.03

3 1 -1 88.57 0.517 0.705 1.41 87.01 1.06

4 -1 0 86.28 0.314 0.709 1.4 91.94 1.04

5 0 0 75.28 0.154 0.837 1.19 99.05 1.28

6 1 0 74.71 0.532 0.889 1.12 89.1 1.17

7 -1 1 85.85 0.24 0.812 1.23 90.34 1.1

8 0 1 86.42 0.181 0.9 1.11 90.94 1.3

9 1 1 79.57 0.181 0.801 1.24 87.4 1.04

Table 6. Evaluation results for optimization batches of pellets CTG

Run Conc. of CTG Water: IPA Yield %
Hardness
Kg/cm2

Sphericity Roundness Release Aspect ratio

1 -1 -1 55.85 0.273 0.715 1.37 96.11 1.11

2 0 -1 66.57 0.389 0.764 1.3 92.53 1.41

3 1 -1 60 0.513 0.709 1.4 82.11 1.01

4 -1 0 47.14 0.258 0.824 1.21 95.16 1.1

5 0 0 67.75 0.279 0.801 1.24 90.88 1.02

6 1 0 72.71 0.451 0.713 1.4 84.97 1.13

7 -1 1 66.42 0.217 0.979 1.03 94 1.3

8 0 1 75.28 0.259 0.982 1.01 88.19 1.32

9 1 1 77.57 0.437 0.710 1.39 86.4 1.09
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Figure 1. Response surface plots for MOG pellets A-Yield %, B- Hardness C-Roundness, D- Sphericity, E- 
Aspect ratio, and F-  Drug release %
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Figure 2. Response surface plots for CTG pellets A-Yield %, B- Hardness C-Roundness, D- Sphericity, E- 
Aspect ratio, and F-  Drug release %
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Table 7. Results of pellets characterization

Formulation
Hardness

Kg/cm2 ±SD
Sphericity 

±SD
Roundness

±SD
Aspect ratio

±SD
Release

±SD
Drug content

±SD

F1M 0.456±0.024 0.712±0.014 1.40±0.046 1.05±0.043 94.11±2.10 98.23±1.12

F2M 0.463±0.011 0.721±0.045 1.38±0.051 1.03±0.054 88.12±1.54 99.17±2.56

F3M 0.517±0.052 0.705±0.055 1.41±0.054 1.06±0.063 87.01±1.69 96.52±2.14

F4M 0.314±0.042 0.709±0.011 1.40±0.059 1.04±0.021 91.94±3.54 95.21±3.12

F5M 0.154±0.068 0.837±0.013 1.19±0.042 1.28±0.024 99.05±0.45 98.56±2.10

F6M 0.532±0.035 0.889±0.015 1.12±0.023 1.17±0.052 89.10±2.59 98.23±3.42

F7M 0.24±0.013 0.812±0.024 1.23±0.025 1.10±0.063 90.34±3.52 92.15±3.14

F8M 0.181±0.023 0.900±0.052 1.11±0.068 1.30±0.045 90.94±2.51 98.68±1.23

F9M 0.181±0.045 0.801±0.043 1.24±0.073 1.04±0.012 87.40±1.37 96.25±3.17

F1C 0.273±0.023 0.715±0.023 1.37±0.052 1.11±0.032 96.11±1.54 88.52±2.12

F2C 0.389±0.012 0.764±0.012 1.3±0.012 1.41±0.019 92.53±1.07 91.25±1.63

F3C 0.513±0.053 0.709±0.018 1.4±0.031 1.01±0.023 82.11±2.85 96.86±3.12

F4C 0.258±0.031 0.824±0.016 1.21±0.046 1.1±0.031 95.16±1.44 92.36±1.68

F5C 0.279±0.021 0.801±0.009 1.24±0.017 1.02±0.007 90.88±1.71 96.28±2.53

F6C 0.451±0.049 0.713±0.025 1.4±0.030 1.13±0.013 84.97±2.01 97.53±5.25

F7C 0.217±0.028 0.979±0.007 1.03±0.019 1.3±0.011 94±1.15 98.62±4.32

F8C 0.259±0.030 0.982±0.010 1.01±0.026 1.32±0.041 88.19±2.31 95.47±0.97

F9C 0.437±0.015 0.710±0.063 1.39±0.009 1.09±0.026 86.4±1.30 96.28±2.63

Physical properties of pellets 

Percent production yield, hardness, sphericity, 
roundness, and aspect ratio are shown in table 6. The 
optimized batch of pellets was found free-flowing. Ap-
proximately spherical shape formulation  F8M exhibit-
ed sphericity, aspect ratio, and roundness 0.900±0.052, 
1.30±0.045 and 1.11±0.068 1.30±0.045, respectively, 
sphericity close to 1 indicates that spherical shape of 
pellets and roundness below 1.20 shows smooth sur-
face and aspect ratio also gives an idea about the shape 
of pellets when it is close to 1 indicate more spherical 

pellets (Eriksson, Alderborn, Nyström, Podczeck, & 
Newton, 1997; Podczeck, Rahman, & Newton, 1999).
Pellets prepared by extrusion-spheronisation, has 
been assessed by the analysis of the two-dimension-
al images in the form of an elongation ratio (direct 
microscopic measurement Formulation of F7C and 
F8C exhibited sphericity, aspect ratio, and roundness 
0.979±0.007, 1.3±0.011, 1.03±0.019 and 0.982±0.010, 
1.32±0.041 and 1.01±0.026 respectively. Drug content 
of different batches, as shown in Table 7 within the 
limit as official guidelines.



46

Pathan, Siddiqui

Drug Release of Uncoated Pellets

The release pattern of MOG and CTG uncoated 
pellets in 0.1N HCl is shown in Figures 3 and 4. Op-
timized batch showed release in a sustained manner 
up to 2h. Release mechanism as per different pattern 
are shown in tables at S10 and S11 supplementary file, 
R2  values for a different pattern for optimized formu-
lations F8M and F8C are Higuchi, Hixson Crowell, 
Korsmeyer Peppas zero-order, first-order models 
showed at S12 in the supplementary file. 

For first-order release, R2 value for the optimized 
formulation was found 0.987 for both gums; in the 
case of Higuchi model R2 value for this model, for op-
timized formulations F8M and F8C 0.979 and 0.994 
respectively, Hixson Crowell model observed for 
formulation F8M and F8C 0.887 and 0.981 and for 
Korsmeyer Peppas model of release for formulation 
R2 vales F8M and F8C 0.975 and 0.994 respectively. 
Further investigation and for confirmation of release 
behavior n values were calculated and found to be in 
between 0.45 to 0.89.

Drug release of coated pellets 

The release behavior of Eudragit coated pellets 
were studied for optimized batches of MOG and CTG 
as shown in Figure 5, which showed that the initial 
lag phase of release at pH dissolution media simulated 
to upper GIT in 0.1N HCl for 2h and phosphate buf-
fer pH 6.8 2h and release of drug observed phosphate 
buffer pH 7.4 in a sustained manner for 4h.

Figure 3. Dissolution study of mesalamine MOG 
uncoated pellets in 0.1N HCl

Figure 4. Dissolution study of mesalamine CTG 
uncoated pellets in 0.1N HCl

 

Table 8.  Flow properties of mesalamine MOG and CTG pellets

Formulation Flow rate
(g/sec)  ±SD

Angle of repose (ͦ )
±SD

Formulation Flow rate
(g/sec)  ±SD

Angle of repose (ͦ )
±SD

F1M 1.12±0.09 25.63±1.12 F1C 1.15±0.12 25.16±0.97

F2M 1.06±0.12 27.20±1.12 F2C 1.18±1.17 24.23±1.23

F3M 1.02±0.09 22.45±1.07 F3C 1.12±0.09 24.17±1.17

F4M 1.03±0.67 28.16±2.14 F4C 1.07±0.32 28.19±1.16

F5M 1.06±0.06 27.07±0.08 F5C 1.20±0.78 22.43±1.08

F6M 1.07±0.11 27.16±1.17 F6C 1.10±0.29 26.64±0.07

F7M 0.98±0.07 29.15±1.18 F7C 1.16±0.78 24.27±0.17

F8M 1.20±0.11 21.45±1.11 F8C 1.23±0.36 22.83±1.16

F9M 1.12±0.07 24.12±0.17 F9C 1.20±0.15 23.27±1.13
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Figure 5. In vitro dissolution studies for coated pellets F8M and F8C, 2h in 0.1N HCl, 2h pH 6.8 phosphate 
buffer, and 4h in pH 7.4 phosphate buffer 
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Figure 6. SEM images of uncoated and coated pellets at different magnifications A. Uncoated MOG pel-
letsX50 B. Uncoated MOG pelletsX100 C. Coated MOG pelletsX50 D. Coated MOG pelletsX100, E. Uncoated 
CTG pellets X50 F. Uncoated CTG pellets X80, G. Coated CTG pelletsX50, and H. Coated CTG pelletsX100

A B

C D

E F

G H
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SEM analysis

The SEM images with different magnifications in-
dicated the difference between uncoated and coated 
pellets. The SEM analysis of pellets was found that 
pellets containing CTG showed a smooth surface as 
compared to MOG. In coated pellets, it is shown that 
uniform coating of polymer responsible for the re-
lease of drug at a specific pH value of the colonic site. 
In the image of pellets CTG (G and H) shows some 
broken parts of it might be during sampling of SEM. 

In vivo roentgenographic study

An in vivo roentgenographic study was carried out 
in rabbits to evaluate targeting of enteric-coated pel-
lets. Rabbits were used to study the targeting of pellets 
in the colonic site because the rabbit has anatomically 
and physiological similarities with the human sub-

ject. X-ray examination observed at the different time 
points at the end of 1, 2,4,5,7, and 8 h, in the first im-
age A at the end of 1h observed that pellets containing 
Barium sulfate highlighted at stomach region of the 
rabbit after some time interval up to the end of 2h, 
pellets were remained intact in the stomach then in 
image C and D indicates that pellets reached small in-
testine and size of highlighted pellets were same. Im-
age at the end of 5 and 7 h it is shows that it reached up 
to large intestine and lastly at the end of 8h very fewer 
pellets are observed it means that drug gets released 
at the colonic site at the favorable condition of the co-
lon. The targeting pellets were observed in the present 
study number of pellets were observed at small and 
large intestinal parts, and after 7 h few pellets were 
depicted in Figure 7.

Figure 7. Roentgenographic study in rabbit (A-F) behavior of enteric-coated pellets A- Shows lighted pel-
lets in stomach after 1 h of administration, B- after 2h pellets at stomach C- at small intestine after 3h pellets 
D- after 4h pellets remain in the small intestine E-after 5h pellets at the colonic site remain intact F- after 7h 

decreases the size of pellets shown and G- after 8h few numbers of pellets at the colonic site.
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DISCUSSION 

Mesalamine pellets prepared in an optimum 
concentration of MOG and CTG gums with wet-
ting solvent showed the controlled release of drugs 
at the colonic site when coated with Eudragit enteric 
polymer S100. Various characterization studies were 
performed before formulation and for optimization 
of batches which showed the relevant results as per 
hypothesis. In the FTIR study, drug and excipients re-
vealed no interaction. All characteristic peaks of the 
mesalamine in FT-IR spectra of the physical mixture 
and pellets indicate a lack of chemical interaction in 
the drug and other excipients. Resulting spectra of 
mesalamine formulation compared with reference 
FT-IR spectra, no chemical interaction between drug 
and excipient was found (Kaffash,  2019). FTIR data 
also compared with mesalamine nanoparticles with 
chitosan, found that no remarkable changes observed 
in peaks of the functional group indicate that no in-
teraction is happening (Seifirad, Karami, Shahsavari, 
Mirabbasi, & Dorkoosh, 2016).

The DCS data for mesalamine pellets contain-
ing MOG observed a broad endothermic peak with 
a sharp peak of mesalamine at 283.93°C, which re-
vealed that lack of interaction of mesalamine and 
other excipients CTG showed the change in peaks 
intensity it could be polymorphic changes of mesala-
mine during extrusion and spheronization with CTG 
(Kaffash,  2019).

The Extrusion-spheronization process is desired 
to formulate of spherical particles of uniform size 
and proper shape, which facilitate the successful 
coating to control the release of drug at the desired 
site. In the present study, natural gums MOG and 
CTG were used for the preparation of pellets based 
on of their binding and release retardants properties; 
optimization study was done for the selection of the 
final batch with desired properties. In optimization 
process found that not only wetting liquid but also 
concentrations of gums are very important during 
formulation development. The preliminary investi-

gation found that at higher concentrations of gums, 
dumbbell-shaped pellets were formed, and at  lower 
concentrations, less binding ability was observed. The 
second factor, the ratio of wetting liquid; sticky mass, 
was observed when water alone is used as wetting sol-
vent, which causes difficulties during extrusion and 
spheronization. These difficulties were overcome by 
adding non-aqueous solvent (IPA) in different ratios 
with water.  The factorial study was carried out to find 
the significant effect of most influencing factors which 
the different concentrations of gums and wetting liq-
uid on responses include release, yield, sphericity, 
roundness, and hardness, as mentioned in Table 5 
and 6. The study was performed to select of the best 
levels of independent variables, and on that basis, the 
final optimized formulation batch was selected. Nine 
batches were made with each gum, and all responses 
were observed, which were fitted in a different model. 
From that basis, we found the optimum level of the 
independent variable. In optimization studies, var-
ious polynomial equations were obtained, as shown 
in table S2 for a relationship of factor and responses. 
The positive sign indicates a synergistic effect, and 
the negative sign shows the antagonistic effect (Bodea 
& Leucuta, 1997). As discussed above, IPA is added 
to water to reduce hydration of both gums. Effect in 
hydration change by adding IPA can be graphically 
represented by response surface curve as shown in 
Figure 1, and 2 and it can be clearly understood by 
the 3D bar chart provided in supplementary files S8 
and S9.  As per the graph (Figure 1 & 2), the effect 
of different ratios of IPA and concentration of gums 
on various properties of pellets; % yield, hardness, 
roundness, sphericity, aspect ratio, and % drug release 
of pellets to the identification of the significant effect 
of most influencing factors on responses and selection 
of best levels for independent variables for optimized 
formulation. Effect of independent variables on vari-
ous parameters firstly hardness of pellets formulation 
according to both curves it seems that increasing con-
centration of IPA leads to decreasing hardness of pel-
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lets and reverse for the concentration of gum. Pellets 
with CTG formulation, hardness is markedly affected 
by the concentration of gum rather than the solvent 
concentration as CTG has a branch chain of polysac-
charides (Tiwari,  2019; Tiwari & Prabaharan, 2010) 
as observed in formulation F3C, F6C, and F9C. In the 
case of MOG linear chain molecule d-Galactose resi-
dues (Singh & Kumar, 2018b; Tiwari,  2019), so it does 
not show the marked effect on hardness.

The sphericity is more affected with the concen-
tration of gum. In contrast, the ratio of solvent at a 
moderately affected, concentration of gum, and high 
concentration of IPA shows good sphericity, round-
ness, and aspect ratio. 

Physical properties, these data showed that a pel-
let with a higher concentration of gum becomes of 
irregular shaped and the same irregularity in shape 
had appeared when IPA was used in less concentra-
tion. The optimized formulation F8M which contains 
MOG, and F8C, which contains CTG, were selected 
based on the responses obtained from physical prop-
erties after optimization study on all formulations.

The release pattern of MOG and CTG uncoated 
pellets in 0.1N HCl was observed in a sustained man-
ner up to 2h both natural gum formed matrix with the 
drug, which retards release of the drug. For a better 
understanding of the release mechanism of the drug 
from formulation, different models were studied such 
as zero-order, first-order, Higuchi, Hixson Crowell, 
and Korsmeyer Peppas. Zero-order indicates that re-
lease of drug in a controlled manner which is inde-
pendent of the concentration of the drug, first-order 
shows release dependant on the initial concentration 
of drug. It can show a sustained pattern of release it 
present study drug release from matrix of gum ob-
served release in a sustained manner (Bruschi, 2015). 
In the case of the Higuchi model, it indicates that the 
release of the drug from the matrix and swelling of 
the matrix is negligible. Also  release of the drug is 
unidirectional with the diffusivity of the drug be-

ing constant (Dubernet, Benoit, Peppas, & Puisieux, 
1990). Hixson Crowell shows surface decreases pro-
portionally with time observed. Korsmeyer Peppas 
model indicates that release of drug with diffusion 
or solvent transport, for further understanding about 
actual release pattern ‘n’ value was calculated to find 
actual release behavior of drug from polymeric matrix 
if n value is 0.5 indicates diffusion release and when 
n=1 model shows release pattern in non-fickian due 
to swelling and relaxation of the internal structure of 
the polymer and if values 0.5<n<1 it indicates release 
in swelling and diffusion pattern.  The n value was 
calculated for optimized batches F8M, and F8C were 
found to be between 0.45 to 0.89; it means that the 
release pattern of the drug is diffusion and swelling 
of matrix pellets due to the presence of hydrophilic 
gums (Korsmeyer, Gurny, Doelker, Buri, & Peppas, 
1983; Santos,  2004). Uncoated pellets of MOG and 
CTG showed release in 0.1N HCl in a sustained man-
ner due to water-soluble matrix swelling. So coating 
of formulation with pH-dependant polymer was done 
to achieve release at the colonic site in up to 8h.

CTG imparted the smooth surface on the pellets 
as compared to MOG, which was revealed with SEM 
analysis as MOG showed the porous nature, which 
could be because of evaporation of wetting liquid 
(especially IPA) from the surface of pellets. In coated 
pellets with Eudragit gave the uniform coat responsi-
ble for releasing the drug at a specific pH value of the 
colonic site. However, one of the pictures showed the 
broken surface of coated pellet, this could be because 
of sampling during SEM.

In vivo roentgenographic X-ray examinations 
were done to the observed movement of pellets in 
GIT. In vivo evaluation showed that pellets coated 
with Eudragit S100 at various time intervals moved 
without disintegration and reached up to the colon at 
the end of 8h very fewer pellets were observed, which 
means that the drug gets released at the colonic site 
at the favorable condition. Comparative study X-ray 
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examination Tuğcu-Demiroz found that intact matrix 
tablet up to colon and then it disintegrates at colonic 
site same images observed for X-ray examination in 
rabbit (Tuğcu-Demiröz,  2004) also in CODES type 
formulation shown no significant changes in size and 
shape of formulation(Singh & Pathak, 2015)each at 
three different levels and the dependent variable was 
%CDR at 12 h. The core tablets were evaluated for 
pharmacopoeial and non-pharmacopoeial test and 
coated with optimized levels of Eudragit E100 fol-
lowed by HPMC K15 and finally with Eudragit S100. 
The in vitro drug release study of F1–F9 was carried 
out by change over media method (0.1 N HCl buffer, 
pH 1.2, phosphate buffer, pH 7.4 and phosphate buf-
fer, pH 6.8 with enzyme b-galactosidase 120 IU.

CONCLUSION

It has been concluded from the present research 
work that optimization of physical properties such 
as hardness, sphericity, and release of pellets with the 
optimized concentration of gums (MOG 10% and 
CTG 7.5%) and wetting solvent (water: IPA = 80: 20) 
by using extrusion and spheronization techniques 
led to sustaining release of drugs, which is proved to 
non-fickian release in nature due to swelling of gum 
by forming the hydrophilic matrix. Further, preven-
tion of disintegration and absorption in upper GIT, 
uniform coating because of spherical nature of pel-
lets with Eudragit S100 helped to target the colonic 
site which is confirmed by in vitro dissolution meth-
od and in vivo targeting in rabbit which ensured with 
pellets which were having radio-opaque substance, 
which was identified on x-ray at colonic site.

As to say as advantages, spheronization and extru-
sion method was proved to have economized, where-
as natural gums used to control release which added 
advantage as being as inert and biocompatible. This 
formulation can have a further scope at industrial 
scales to reduce the side effects of synthetic polymer 
and make it more biocompatible with the body.
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SUMMARY

In addition to having strong anti-oxidant properties, resveratrol has 
anti-cancer, anti-angiogenic, cardioprotective, anti-diabetic, anti-
viral, and neuroprotective activities. Despite its rapid absorption, 
first-pass effect and intestinal metabolism reduce the bioavailability 
of resveratrol. Moreover, the lipophilic property of resveratrol reduces 
its water solubility and metabolized in high incidence reduces its 
oral bioavailability. Therefore, it was aimed to develop an optimum 
formulation for the skin application of resveratrol to overcome the 
negatives after oral administration.Since their easy formulation, 
thermodynamically stable properties, and facilitating the delivery of 
both lipophilic and hydrophilic active ingredients, loading resveratrol 
to microemulsions (MEs) will be a suitable delivery system to 
overcome the drawback of stability problems and skin bioavailability 
of resveratrol. A Triangle phase diagram was constructed, and 
the MEs region was determined by points studies. Subsequently, 
some formulations were selected within the transparent region by 
considering characteristics required to achieve optimized transdermal 
drug delivery. Chosen formulations were exposed to pre-stability tests 
such as centrifuge and thermal stress tests. Characterization studies 
such as droplet size, size distribution, zeta potential, viscosity, pH 
measurement were performed on remained intact formulations after 
pre-stability tests. In terms of the characterization test results such as 
pH, viscosity, conductivity, there wasn’t found significant difference 
observed between formulations. However, polydispersity index and 
zeta potential values provided to choosing optimal formulation.
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Received: 27.07.2021
Revised: 02.09.2021
Accepted: 13.09.2021

Deriden Uygulama İçin Polifenolik Bileşik İçeren Nano Boyutlu 
Emülsiyon Sistemlerinin Geliştirilmesi ve Karakterizasyonu

ÖZ

Resveratrol güçlü bir antioksidan özelliğe sahip olmasının yanı sıra anti-
kanser, anti-anjiyojenik, kardiyoprotektif, anti-diyabetik, anti-viral 
ve nöroprotektif aktivitelere sahiptir. İnsan vücudunda hızlı emilime 
uğramasına rağmen, bağırsak ve karaciğer metabolizması, resveratrolün 
sistemik biyoyararlanımı için hız sınırlayıcıdırlar. Ayrıca, resveratrolün 
yüksek lipofilikliği, suda çözünürlüğünü ve oral yoldan yüksek oranda 
metabolize edilmesi nedeni ile oral biyoyararlanımını azaltır. Bu nedenle, 
oral uygulama ile görülen olumsuzlukların üstesinden gelmek için 
resveratrolün deri uygulaması için optimum bir formülasyon geliştirilmesi 
amaçlanmıştır.Kolay formüle edilebilmeleri, termodinamik olarak kararlı 
olmaları ve hem lipofilik hem de hidrofilik etkin maddelerin vücuda 
verilmesini kolaylaştırmalarından dolayı, resveratrolün mikroemülsiyonlara 
(ME’ler) yüklenmesi, stabilite sorunları ve deriden emiliminin zor olması 
gibi dezavantajlarının üstesinden gelmek için uygun bir ilaç taşıyıcı sistemi 
olacaktır.Bu çalışmada önce üçgen faz diyagramı oluşturularak MEs bölgesi 
noktasal çalışma ile belirlendi. Daha sonra optimize edilmiş formülasyonu 
elde etmek için gerekli özellikler göz önünde bulundurularak ME sistemleri 
oluşturan bölge içinde bazı formülasyonları seçildi. Seçilen formülasyonlar, 
santrifüj ve termal stres testleri gibi ön stabilite testlerine tabi tutuldu. 
Damlacık boyutu, damlacık boyut dağılımı, zeta potansiyeli, viskozite, 
pH ölçümü gibi karakterizasyon çalışmaları, ön stabilite testlerinden sonra 
fiziksel olarak bozulmadan kalan formülasyonlar üzerinde gerçekleştirildi. 
Viskozite, pH, iletkenlik gibi karakterizasyon testleri sonuçları açısından 
formülasyonlar transdermal uygulamalar için kabul edilebilir aralıktaydı. 
Ancak damlacık boyutu, polidispersite indeksi ve zeta potansiyel değerleri 
optimal formülasyonun belirlenmesini sağlamıştır.

Anahtar Kelimeler: Mikroemülsiyon, Penetrasyon artırıcılar, 
Resveratrol, Transdermal taşıyıcı sistemler,Üçgen Faz Diyagramı
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IntroductIon

The skin is the largest organ that protects liv-
ing and vital organs from outer hazardous that are 
considered causes of pathological developments 
(Juškaitė, 2015). The average weight of skin comprises 
10% of body weight, and surface area is about 1.7 m2, 
in adults (Benson, 2012).

There are many skin deteriorations such as skin 
cancer, erythema, and skin aging induced by UV radi-
ation from the sun (Fisher, 1997). Due to some advan-
tages such as low-risk side effects, avoiding the first-
pass effect, and prevent active substances from gastro-
intestinal tract degradations, topical and transdermal 
delivery systems become more widespread in the ther-
apy of skin diseases (Ambade, 2008). Providing drug 
delivery to a localized skin area is achieved by topical 
delivery systems (Ambade, 2008). Topical delivery of 
active ingredients into the skin could be considered as 
one of the possible treatment methods. On the other 
hand, when the drug is delivered through the skin into 
the systemic circulation, these drug delivery systems 
are considered the transdermal group. However, the 
outer layer of the skin the stratum corneum (SC) be-
sides protecting the body against external influences 
and consists of an obstacle to drug administration to 
the skin. To enhance skin penetration of active sub-
stances, physical and chemical penetration enhancers 
can be used. Due to their low cost, ease of use, safe-
ty, and efficacy fatty acids, fatty esters, surfactants, 
and terpenes have attracted attention and considered 
chemical skin penetration enhancers (Trommer & 
Neubert, 2006). Additionally, nano-sized innovative 
drug delivery systems such as microemulsions (MEs), 
nanoemulsions (NEs), nanoparticles (NPs), liposomes 
are more suitable in terms of the effective delivery of 
an active substance into the skin layer compare to tra-
ditional drug delivery systems such as macro emul-
sions, gel, solutions (Patravale, 2008; Surber, 2017). 

Because they are easy to formulate, have thermo-

dynamically stable properties, and facilitate the deliv-

ery of both lipophilic and hydrophilic active ingredi-

ents, MEs promise drug delivery systems for trans-

dermal delivery (Kreilgaard, 2002; Lawrence, 2012). 

MEs are single-phase, optically isotropic nano-struc-

tured solutions that have three main components that 

consist of the oily phase, aqueous phase, and surfac-

tant (Liu, 2011). Since the droplet size of the dispersed 
phase is not bigger than one-fourth of the wavelength 

of visible light (<150 nm), ME systems are observed as 

transparent (Singh, 2010). ME components according 

to their quantities and types have an impact on the 
formulation’s droplet size and viscosity, thus affects 

drug penetration (Juškaitė, 2015). 

Resveratrol (trans-3, 5, 4′-trihydroxystilbene) 

is a plant-originated active, which is a natural poly-

phenolic phytoalexin (Baur & Sinclair, 2006). Res-

veratrol has some pharmacological activities such as 

anti-oxidant, cardioprotective, chemopreventive, an-

ti-inflammatory, analgesic, neuroprotective, and an-

ti-cancer (Baur, 2006; Delmas, 2006; Jang, 1997). Var-

ious resveratrol formulation has been developed for 

systemic therapeutic (Das, 2011; Das, 2010a, 2010b, 

2010c; Das, 2010). In addition, resveratrol has some 

improving effects on the skin such as anti-aging, an-

ti-inflammatory, strengthening of skin’s natural an-

ti-oxidant, photo-protective effects, prevention of ox-

idative stress-induced collagen damage, and protec-

tion from UV that induce skin cancer and, sunburn 

(Baxter, 2008; Ndiaye, 2011; Zillich, 2015). Recently, 

since there is significantly increased attractiveness to 

the natural-based agents in skincare, resveratrol is in 
demand among skincare products. Poor aqueous sol-

ubility and low oral bioavailability are disadvantages 

of resveratrol (Das, 2008). Transdermal resveratrol 

ME formulations may be able to overcome solubili-

ty and skin bioavailability problems. However, due to 
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oxidative degradation, resveratrol has poor stability 
(Davidov-Pardo, 2014; Francioso, 2014). Gallerate et 
al. developed oil-in-water microemulsions that con-
tain whitening agents (kojic acid and arbutin) that 
are photosensitive. They assessed the photostability to 
UVB irradiation of both whitening agents in aqueous 
solutions and microemulsions. The stability of arbutin 
and kojic acid was found higher in microemulsions 
than in aqueous solutions.  (Gallarate, 2004). Incor-
porating resveratrol into ME formulation can be one 
of the solution methods to overcome its physical sta-
bility problem (Chen, 2015). In addition, in a previ-
ous study, it is stated that nano-sized emulsions can 
protect resveratrol from chemical degradation and are 
able to prevent inversion to inactive isomers (Sessa, 
2011).

The aim of this study is to formulate and char-
acterize co-surfactant free resveratrol-loaded MEs 
(RES-ME) for transdermal drug delivery. For reveal-
ing ME systems, triangle phase diagrams were drawn, 
and components that are essential for ME formula-
tions such as oily phase, aqueous phase, and surfac-
tant were settled at each tip of the triangle diagram. 
Subsequently, some characterization tests were con-
ducted to identify the most stable formulation point 
on the phase diagram.

Natural oils that are considered as penetration en-
hancers can enable disruption of the SC lipid struc-
ture by fluidization and slackening mechanism and 
provide delivery of active ingredients into underly of 
SC to achieve successful topical delivery (Lane, 2013). 
Since containing oleic acid that enhances skin pene-
tration, olive oil was selected as the oil phase (Cice-
ro, 2018).  Surface-active agents contribute maintain 
formulation stability while facilitating increased dis-
ruption of SC lipids (Lane, 2013). To provide phase 
stabilization in the oil-in-water MEs, utilizing a sur-
face-active agent that has an hydrophilic-lipophilic 

balance (HLB)  value of ≥12 is more suitable (Rani, 
2019; Zhang, 2015). In this study, since HLB values 
of Tween 80 is 15, it was selected as surfactant phase. 
In addition, Tween 80 is a non-ionic surfactant. The 
risk of skin irritation is very low. Therefore, Tween 80 
is frequently chosen as a surface-active agent during 
the formulation of topical/transdermal products. (Le-
merya, 2015).

ME formulations have been tested in terms of sta-
bility; the most stable formulations were chosen to be 
incorporated with resveratrol. Characterization tests 
such as droplet size, droplet size distribution, zeta 
potential, viscosity, pH, and conductivity were per-
formed for formulations.   

MaterIal & Method

Material

Trans-resveratrol %98 was gifted from Biota Lab-
oratories (Istanbul, Republic of Turkey), Polysorbate 
80 (Tween 80®) was used as surfactant, and olive oil 
was used as an oily phase in delivery systems and 
purchased from Merck KGaA, Darmstadt, Germany. 
Distilled water was used as an aqueous phase and was 
produced using a water purification system Pure Lab 
UV/UF lanpure (USA). All other chemicals were of 
analytical reagent grade or higher.

triangle Phase diagram

Firstly, a triangular phase diagram should be 
drawn up to preparation ME formulations. Thus, 
suitable ME area and therefore the amount of the 
ingredients in the formulation is determined. Point 
studies were utilized to determine the ME area in this 
research. Aqua, oil and surfactant were used for each 
tip of the triangle. Some points were determined on 
the triangle phase diagram, and formulations com-
prised according to rates these points. The aqueous 
phase was added drop by drop to predetermined rates 
of the oil phase and surfactant mixing at magnetic 
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stirrer. Consist of oil, aqua, and surfactant mixture 
was continued to mix for a while by increase mixing 
speed. One hundred nine formulations were prepared 
by mixing the specified weight of each component in 
small glass vials. Formulated MEs were evaluated vi-
sually at room temperature, transparent and isotropic 
formulations were considered ME. The ME area was 
drawn at the triangle phase diagram by using CHE-
MIX School version 4.00. 

Formulation of Mes

Tween 80 and olive oil was stirred at 600 rpm 
continuously heating at 40oC until obtaining homo-
geneous mixture at a magnetic stirrer. At the same 
temperature predetermined extent distilled water 
was added drop by drop with waiting periods to the 
mixture of tween 80 and olive oil at 1250 rpm mixing 
speed. The formulations were held at room tempera-
ture (25 ± 0.5◦C) for 24 h, consequent day formula-
tions assessed visually whether any phase separation 
or other physical instability of formulations (Parmar, 
2016).  

Formulations were selected from areas that are 
known to present favourable properties for topical 
drug delivery. Eighteen formulations selected from 
the ME area and equilibrated in ambient conditions 
for 72 hours, then they were evaluated according to 
their flow properties, phase separation, and other sta-
bility problem (Table 1). Formulations that remained 
after the first evaluation, centrifuged at 15000 rpm for 
15 minutes. MEs that passed the centrifugation tests 
were examined for droplet size, and optimized ME 
formulation was determined for pH, viscosity, and 
conductivity test. Optimization of experimental MEs 
was performed according to criteria of MEs droplet 
size, single peak distribution of droplet size. 

table 1. Formulations’ components rates for ME 
systems 

code tween 80 (g) olive oil (g) distilled Water (g)

Me1 16 4 80

Me2 18 2 80

Me3 20 2 78

Me4 20 1.4 78.6

Me5 20 1.3 78.7

Me6 23 1.8 75.2

Me7 20 1.6 78.4

Me8 20.4 1.6 77.9

Me9 20.8 1.6 77.6

Me10 21 1.2 77.8

Me11 22.6 1.8 75.6

Me12 24 2 74

Me13 24.2 2.8 73

Me14 28 2 70

Me15 32 2 66

Me16 34 2 64

Me17 36 2 62

Me18 40 2 58

Formulation of Mes incorporating resveratrol

Incorporation of resveratrol into MEs was per-
formed by dissolving resveratrol in olive oil and 
Tween 80 mixture. Predetermined amount of distilled 
water were added drop by drop to the mixture of oil, 
surfactant and dissolved resveratrol. Thus, optimized 
composition ME with resveratrol was formulated 
(RES-ME). Adult dietary dose of resveratrol, for car-
diovascular disease, anti-oxidant, anti-inflammato-
ry, anti-tumor activity against colorectal cancer cells 
(Langcake & Pryce, 1976; Mukhopadhyay, 2010) is 
around 20 - 50 mg (Walle, 2004). Therefore, the tar-
get content of resveratrol in ME was set to be 0.05% 
(w/w). The formulations were held at ambient tem-
perature for 72 hours to assess either exist for any sign 
of phase separation, turbidity, or gelation.

Physical characterization of Mes

The pre-stability test was performed on prepared 
formulations to eliminate unstable formulations. The 
elicited formulations were centrifuged at 15000 rpm 
for 15 minutes using Hettich Zentrifügen D7200 to 
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determine either any stability problem or not. Formu-
lations that survived after the centrifuges test was se-
lected to perform thermal tests. Thermal tests are the 
second stage of accelerated of stability tests. Formula-
tions were put in the water bath at 40 °C the tempera-
ture was increased 10 °C every 30 minutes till 80 °C 
(Figueiredo, 2016). The formulations were evaluated 
in terms of appearance after returning to room tem-
perature (25±2 °C). Formulations that not observed 
stability problems such as sedimentation, phase sepa-
ration were selected for subsequent tests.   

Droplet size, pH, viscosity, conductivity, and de-
termination of oil-in-water (O/W) type were tested to 
evaluate the quality of MEs. 

The droplet size determines the rate of drug re-
lease and absorption. Therefore, it is a crucial factor in 
the performance of the emulsification system. (Shah, 
1994). A glass cuvette was used to measure droplet 
size, polydispersity index (PDI), and zeta potential in 
the Zetasizer device. Formulations were diluted at the 
rate of 1:100 with distilled water (Figueiredo, 2016). 
Droplet size, zeta-potential, and PDI of formulated 
MEs were measured applying dynamic light scatter-
ing technique, using Zetasizer Nano ZS 90 particle 
size analyzer (Malvern). Measurements were per-
formed at ambient conditions temperature, and each 
formulation was scanned ten times. Measurements 
were repeated three times to obtain mean values.

Brookfield DV3T Rheometer device was used to 
examine the rheological properties of formulations 

that remain after the stability test and accepted for 
their droplet sizes. Hanna HI 2002-02 Edge device 
was utilized to determine the pH of formulations at 
ambient temperature.

The type of ME (oil-in-water or water-in-oil) was 
determined by performing a dye test with Sudan III 
and Methylene blue. In addition to the dye test, con-
ductivity determination was performed using Eutech 
Instruments, PC 2700 to confirm the type of MEs.

Statistical analysis

For identification whether it is or not a significant 
difference between formulations binary comparing 
t-test was performed with p < 0.05 as a minimum 
level of significance. All statistical computing was 
carried out manually and utilizing the Excel program 
(MS, USA). 

reSultS and dIScuSSIon

Variety structures can be exhibited by mixing 
oil, surfactant, and aqua. Such as macro emulsions 
and MEs dispersion systems are occurred by mixing 
components at varied rates. Elicited formulations can 
be recognized by a simple visual assessment of their 
physical appearance. MEs are translucent/transparent 
and isotropic homogenous dispersion systems.

Triangle phase diagrams are very useful for deter-
mining the area of MEs (Rani, 2019). Furthermore, 
identifying the concentration range of the excipients 
that facilitate the formation of nano-sized emulsions 
is provided by these diagrams (Ibrahim, 2018).  
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There is a narrow area on the triangle phase dia-
grams where transparent formulations can transpire 
shown in Figure 1. One of the reasons for the forma-
tion of transparent-looking microemulsions in a nar-
row area was attributed to the use of a single surfac-
tant (Lawrence, 2000).

In the areas where oil and aqua concentrations 
were low, and surfactant concentration was high, 
translucent/transparent systems formed. While o/w 
emulsion occurred at the middle up and left area 
those were riched with water of the diagram, w/o 
emulsion occurred at the right of the triangle phase 
diagram where riched by oil. Since Tween 80 has a 
high HLB value, which underpins the formation of 
o/w emulsions large o/w emulsion area occurred in 

the triangle phase diagram (Lawrence, 2000). It was 
observed that the mixtures with 20-60 % water con-
tent had gel structures. The water content of systems 
was above 60 % impaired the gel form, and resulted in 
dispersing of the swelled gel. When the water content 
of systems was below 20 % not enough to form the 
gel structure. Because more than 20% water content 
was required in the dispersion systems to hydrate the 
polyoxyethylene groups (Syed, 2014).Water content 
above %75 revealed dispersion systems that have bet-
ter flow properties. However, to find out transparent 
MEs systems, the rate of Tween 80 to olive oil should 
be higher than 12:1.  

Olive oil content above %2 revealed dispersion 
systems that were not quite transparent. Moreover, 

Figure 1. Triangle phase diagrams of  olive oil, Tween 80 and aqua
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a high concentration oil phase gives rise to produce 
reverse micelles (Hegde, 2013), which creates an ob-
stacle for developing topical MEs.

To optimize viscosity properties and droplet size 
of systems, surfactant type should be chosen well. 
Tween 80 is a non-ionic surface active ingredient that 
is safe for biological tissues and skin, and it was cho-
sen as a surfactant for the stabilization of MEs (Flana-
gan, 2006; Lawrence, 2000). Tween 80 is a hydrophilic 
surfactant since the hydroxyl groups on the sorbitan 
ring are replaced by bulky polyoxyethylene groups. 
Due to hydrophilic constitute, Tween 80 is more suit-
able to create an oil-in-water emulsion. The type of 
oil according to its hydrocarbon chain length can in-
fluence the stability of dispersion systems. Tween 80 
can be single adequate to form o/w microemulsions 
due to having a long chain (Lawrence, 1994; Malcol-
mson, 1993, 1995; Tenjarla, 1999). ME systems can be 
achieved by carefully choosing components. Micro-
emulsion systems based on natural and skin-benefi-
cial oils could potentially provide additional benefits 
over microemulsion systems based on other oils (Das, 
2020; M Jayne Lawrence, 2000). Due to its several ben-
efits for the skin and has been used safely since ancient 
times, olive oil was chosen as the oil phase (Gorini, 
2019). In addition, olive oil increases disruption of SC 
lipid structure due to increasing oleic acid levels, and 
provided improving dermal molecules delivery (Van 
Staden, 2020). Oleic acid and isopropyl myristate are 
the most frequently selected components of the oily 
phase. (El Maghraby, 2008; Hathout, 2010; Heuschkel, 
2008). However, since isopropyl myristate is consid-
ered comedogenic, it was not chosen as a surfactant in 
the present study (Nguyen, 2007).  Oil and surfactant 
chain length compatibility is an essential factor that 
impacts elicit ME formulations (Bayrak, 2005). Olive 
oil has a high molecular weight because it contains 
mostly long-chain oleic acid triglycerides. Therefore, 
it is not too easy to formulate ME systems with olive 
oil (Cho, 2008; Syed, 2014).

Skin irritation can be induced by a topical or 

transdermal formulation that contains a high con-
centration surface active ingredient. Thus, using a 
high concentration of surfactant should be avoid-
ed in topical and transdermal formulations (Djekic, 
2008; Kreilgaard, 2002). Additionally, co-surfactants 
can cause the destruction of a microemulsion upon 
dilution due to the partitioning of the co-surfactant 
out of the interfacial region into the continuous phase 
(Warisnoicharoen, 2000). Since the main aim of this 
study was the development of co-surfactant-free RES-
ME, and have a knowledge that high concentration of 
surfactant increase skin irritation, formulations that 
have a low concentration surfactant were chosen.

ME4, ME5, ME6, ME7, ME8, ME9 formulations 
were selected for the centrifuge test. All formulations 
remained stable after the centrifugation. ME7 formu-
lation was not sufficiently bright compared to other 
formulations. 

The dispersed phase’s droplet size, droplet size 
distribution, and zeta-potential essentially affect the 
comprising of MEs that have physical stability. (Bala-
ta, 2016; Mahapatra, 2014; Ujilestari, 2018). Droplet 
size measurement is considered one of the most cru-
cial characterization tests of MEs due to influencing 
stability and release (Zaichik, 2018). Reducing drop-
let size contributes to increasing penetration of active 
ingredients through the skin (Kaur, 2019). The PDI 
demonstrates size distribution which is crucial for sta-
bility (Kaur, 2019). There is no exist fixed PDI values 
range for dermal drug delivery. However, while PDI 
≤ 0.2 is considered the ideal value for polymer-based 
nanoparticles that developed for transdermal drug 
delivery, PDI < 0.3 is considered the ideal value for 
lipid-based carrier systems. (D. van Staden, 2020). 
Dynamic light scattering technique can detect cluster 
small particles as one large particle, therefore micro-
scopic techniques can be more suitable for exceeded 
from PDI values range (0.05 -0.7) that generally ac-
cepted pharmaceutical range (Danaei, 2018). 

Formulations were examined in the Malvern Ze-
tasizer to determine droplet size and droplet size dis-
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tribution. The droplet size of MEs was measured 24 h 
after formulation. Two-peak distribution droplet size 
was found out in ME4, ME5, and ME6 formulations.

Contrary to these formulations, single-peak drop-
let distribution was revealed in both ME8 and ME9 
that were not incorporated with resveratrol (Figure 2, 
3). Physical characterization studies were performed 
to detect the effects of incorporating resveratrol into 
MEs dispersed phase. Such as phase separation, 
cracking, and creaming instability problems were not 
observed after incorporate resveratrol in ME formu-
lations. Mean droplet size values decreased with the 
incorporation of resveratrol in both formulations. A 
statistically significant difference was found for the 
average droplet sizes of ME8 and ME8-RES formu-
lations (p<0.05). On the contrary, the difference was 
not considered as statistically significant (p>0.05) 
between the average droplet size of ME9 formulation 
incorporating with resveratrol or without resveratrol. 
It was occurred high possibility due to the solubili-
ty ability of the surfactant component. Tween 80 in-
creased solubility of resveratrol in the ME formula-

tions (Chen, 2015; Constantinides, 1995). Since res-
veratrol solubility increased as a result of surfactant 
function, resveratrol probably kept stay in the con-
tinuous phase and didn’t settle in the interfacial layer 
that didn’t result in increased droplet size (Juškaitė, 
2015; Saribey, 2021). In a previous study, the aver-
age droplet size ( 70.3 - 74.0 nm)  of microemulsions 
that did not contain co-surfactant was larger than in 
the present study (Cho, 2008). Also, the less quantity 
Tween 80 was used in the present study (20.8 g) than 
in the previous study (33.8 g).

Resveratrol-containing formulations’ droplet 
size measurements results showed the existence of 
single-peak droplet distribution in formulations 72 
hours after formulation. In the present study, after in-
corporating resveratrol in ME, the droplet size (12.27 
± 0.07) was smaller than in the previously conducted 
study (116.83 ± 0.23) (Juškaitė, 2015).  The homoge-
neous distribution of the internal phase in ME formu-
lations is demonstrated by low PDI values and single 
peaked dispersion droplet size. (Thakkar, 2014).  

Figure 2. ME8 formulation’s droplet size distribution 



65

FABAD J. Pharm. Sci., 47, 1, 57-72, 2022

When zeta potential has high values for both 
negative (<−30 mV) or positive ( >30 mV ) increases 
electrostatic pushing between droplets.  Hence, un-
favorable coagulation is prevented (Sharma, 2014). 
Since the skin charge is negative, positively charged 
formulations theoretically must increase the affinity 
between the skin and applied formulations (Carter, 
2019). Nevertheless, free fatty acids in the oil phase 
are negatively charged (Umerska, 2016). Moreover, 
free fatty acids are penetration enhancers due to 
functions of disrupting SC layers (van Zyl, 2016). 
Therefore, negatively charged formulations are slow-

er penetration enhancers than positively charged 
formulations (Carter, 2019). The zeta potential val-
ues were acceptable ranges (Table 2), and significant 
differences could not be found out between formu-
lations’ those not incorporating resveratrol, zeta po-
tential values. The zeta potential values were similar 
to published data for another type of ME formulation 
(Kural, 2011). Preventing droplet coalescence during 
the formulation development is possible with a higher 
negative charge (Ganta, 2014). ME9 coded formula-
tion’s zeta potential values seemed more suitable than 
ME8 in terms of stability. 

Figure 3. ME9 formulation’s droplet size distribution

table 2. Droplet size, PDI and zeta potential  of optimized formulations and RES loaded formulations

Me8 %0.05 reS-Me8 Me9 %0.05 reS-Me9
droplet size (nm) 19,22 ± 0,07 12,34 ± 0,18 12,42 ± 0,16 12,27 ± 0,07
PdI 0,200 ± 0,01 0,103 ± 0,004 0,145 ± 0,001 0,046 ± 0,003
Zeta-Potential (mV) -12,2 -1,31 -10,6 -2,13
Zeta deviation (mV) 6,08 71,3 7,45 3,76

ME8 and ME9 formulations were evaluated for 
pH, conductivity, and viscosity. 5.0–9.0 is a suitable 
pH value range for dermal drug delivery (Rastogi, 
2014). However, the optimal pH for dermal drug de-
livery systems is 4-5 range that is close to natural skin 
pH values (Sheshala, 2019). pH values of both formu-

lations were similar, and no statistically significant 
difference was observed (p>0.05) (Table 3). Likewise, 
conductivity values were very close to each other. The 
pH of optimized MEs was 6 - 7 that acceptable values 
physiologically.
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Average conductivity close to 100 𝜇S/cm demon-
strates MEs type are oil-in-water (Patel, 2009; Salimi, 
2013). Additionally, a dye test was performed to de-
tect the type of microemulsion formulations. Sudan 
III was poured a very small amount on formulation 
and examined on the optic microscope. Since the out-
er phase of the ME was an aqueous phase a structure 
that uncolored was observed, and droplets that con-
stitute the internal phase were red was due to the oily 
phase.

Viscosity refers to the internal friction of the flu-
id. Viscosity has an effect on both flow resistance and 
emulsification. (Perazzo, 2015). In microemulsions, 
a correlation exists between droplet size and viscos-
ity, accordingly as droplet size decreases viscosity 
increases (D. van Staden, 2020). As droplet size de-
creases, penetration of active ingredients through 
skin increases, but high viscosity formulations induce 
occlusivity (D. van Staden, 2020). 

The rheological behavior of microemulsion sys-
tems indicates non-Newtonian flow, that as share rate 
increases viscosity decrease. (Ambade, 2008). The vis-
cosity values were between 11 and 17 cP, and accept-
able ranges for MEs. The viscosity values were similar 
to published data for another type of ME formulation 
(Liu, 2011). The non-significant difference between 
values of ME8 and ME9 viscosity was revealed pos-
sibly due to water content. The viscosity values of 
nano-sized emulsions decrease with increased water 
content (Bakshi, 2018).

concluSIon

Formulations that droplet sizes smaller than 50 
nm and having a transparent appearance considered 
as ME. The triangle phase diagram saves time by re-
ducing the number of experiments. It also facilitates 

the formation of optimal MEs with favorable proper-
ties. Phase diagrams of the components with different 
ratios have been successfully prepared to determine 
the ME regions. The optimal amounts of the compo-
nents were determined to form the most stable ME 
formulation. The type of and quantities of surfactant, 
oily phase, and the aqueous phase directly impact the 
appearance, droplet size, droplet size distribution, 
type of formulations.

Resveratrol ME was developed, optimized, and 
characterized for application through the skin. ME 
prepared by using olive oil, Tween 80, and distilled 
water in the ratio 1.6: 20.8: 77.6 (in g) was considered 
as an optimized formulation (ME9) in terms of reduc-
ing problems associated with stability.

It is planned in vivo studies to identify resveratrol 
quantity in plasma in the next stage.  This study will 
be very useful and promising to formulate resvera-
trol MEs as transdermal delivery systems both in the 
pharmaceutical industry and cosmetics products.
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Novel Glitazones Reverses Hyperglycemia In STZ Induced 
Hyperglycaemic Rat Model

SUMMARY

Diabetes mellitus is the most common chronic metabolic disorder 
characterized by reduced secretion of insulin or sensitivity to the 
insulin. It is also a disease of inadequate control of glucose levels 
in the blood plasma. The present study was formulated to assess 
the novel glitazones for hypoglycaemic activity in STZ induced rat 
model. Before in-vivo studies, thirty-two virtual compounds of novel 
glitazones were subjected to the molecular docking study. The docking 
study showed that, the compounds C5 and C22 showed the better 
binding activity with the target protein 3CS8. The acute toxicity 
studies were done on female rats using OECD guideline 425. No 
mortality observed at 300 mg/kg per kg body weight and based on 
this result, the dose for in-vivo studies was chosen. The compounds 
C5 and C22 were evaluated for the hypoglycaemic activity at 10 
and 20 mg/kg body weight in STZ induced hyperglycaemic rats. The 
compound C5 at both the dose (10 mg and 20 mg/kg) showed the 
better activity than C22, where as C22 exhibited better activity at 
higher dose when tested. The activity was assessed by behavioural and 
biochemical parameters, on 0th ,7 th, 14 th  and 21st day. The study 
duration was three weeks, on 21st day, the animals were sacrificed 
and biochemical estimations were done. The compound C5 showed 
significant activity when compared with C22. The current findings 
gives a lead for further research to prove the hypoglycaemic activity of 
novel glitazones at molecular level by employing some more research 
models. 

Key Words: Molecular docking, PPARγ, glitazones, diabetes, 3CS8, 
lipid profile.
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Yeni Glitazonların, STZ ile İndüklenmiş Hiperglisemik Sıçan 
Modelinde Hiperglisemiyi Tersine Çevirmesi

ÖZ

Diabetes mellitus, insülin salgılanmasının veya insüline duyarlılığın 
azalması ile karakterize edilen en yaygın kronik metabolik hastalıktır. 
Aynı zamanda plazmada glukoz seviyelerinin yetersiz kontrolü 
hastalığıdır. Bu çalışmada, yeni glitazonların, STZ ile indüklenmiş 
hiperglisemik sıçanlardaki hipoglisemik aktiviteleri değerlendirildi. 
In vivo çalışmalardan önce, 32 adet yeni glitazonun moleküler 
yerleştirme çalışması gerçekleştirildi. Moleküler yerleştirme çalışması, 
C5 ve C22 bileşiklerinin hedef protein 3CS8 ile daha iyi bağlandığını 
gösterdi. Akut toksisite çalışmaları, OECD kılavuzu 425 kullanılarak 
dişi farelerde yapıldı. Bileşikler, sıçanlarda test edildiğinde 300 mg 
/ kg’da mortalite göstermedi. Bu nedenle in vivo çalışmalar için bu 
doz seçildi. C5 ve C22 bileşiklerinin hipoglisemik aktiviteleri, 10 
ve 20 mg / kg konsantrasyonda, STZ ile indüklenmiş hiperglisemik 
sıçanlarda değerlendirildi. Her iki dozda da  (10 mg hem de 20 mg 
/ kg) bileşik C5, C22’den daha iyi bir aktivite gösterdi, C22 daha 
yüksek dozda daha iyi bir aktivite sergiledi. Aktivite 0, 7, 14 ve 21. 
gününde davranışsal parametreler, plazma kan glukoz seviyesi ile 
değerlendirildi. Çalışma süresi üç hafta olup, 21. günde, hayvanlar 
sakrifiye edildi ve biyokimyasal analizler yapıldı. Bileşik C5, C22 ile 
karşılaştırıldığında önemli bir aktivite gösterdi. Yeni glitazonların 
hipoglisemik aktivitesini ispatlamak için daha fazla araştırma 
gerekmektedir. 

Anahtar Kelimeler: Moleküler yerleştirme, PPARγ, glitazonlar, 
diyabet, 3CS8, lipit profili.
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INTRODUCTION

Diabetes mellitus (DM) is the most common 

endocrine disorder, which is resulted in resistance to 

the endocrine gland as a key feature in the development 

of the disease (Mukhtar, 2019). It is characterized 

by insulin deficiency or either reduced sensitvity 

to insulin. About 422 million people in a world are 

suffering from DM i e. about 70%, 90% of these 

patient’s aetiology leads to cardiac dysfunction (Frier, 

2014). Because of increased blood glucose levels, 

different deficiencies are caused and physiological 

alterations in the nervous system are occured.

Globally, the occurrence of diabetes in 2000 and 2030 

was predicted to be 2.8% and 4.4% respectively. The 

overall number of diabetes sufferers worldwide is 

expected to grow from 171 million to 366 million in 

2030. And the world’s human population appears to 

be in the midst of a diabetes epidemic (Zheng, 2018).

Many classes of oral hypoglycaemic drugs are 

available for the treatment of diabetes, among these, 

glitazones have shown better activity in resistance 

cases (Davis, 2012). There is a need for developing 

novel glitazone(s) as promising therapeutics to take 

care of resistance cases of diabetes. With this context, 

the present study was conceptualized to evaluate the 

novel glitazones for possible hypoglycaemic activity 

using in-vitro and in-vivo animal model. 

Glitazones are the class of thiazolidinedione drugs, 

which act on the nuclear receptor of the Peroxisome 

Proliferator Activated Receptor Gamma (PPAR 

γ), which are mainly expressed in adipocytes, liver 

and skeletal muscle (Mal, 2020). Glitazones belong 

to oral hypoglycaemic agents and they are used in 

the treatment of type II DM in adults to enhace the 

hypoglyceamic activity of other drugs. The activation 

of PPAR-γ affects the insulin sensitivity genes 

resulting in various metabolic changes like glucose 

regulation leading to increased insulin sensitivity and 

glucose uptake, lipid metabolism along decreased 
gluconeogenesis (Mohammed, 2018).

The molecular docking technique can be used 
to model atomic level relationship between a small 
molecule and target protein. This will helps to know 
the actions of small molecules in the target protein 
binding site and to elucidate basic biochemical 
processes (Meng, 2011). The docking process 
includes two basic steps: determination of the ligand 
conformation and its position; orientation within 
docking sites (usually referred to as pose) which 
measures the binding affinity. In the present study 
an effort was made to see the binding interaction of 
32 virtual compounds with the target protein 3CS8 
[PPAR γ to PGC-1a] (Lionta, 2014).

MATERIAL AND METHODS

Molecular Docking Studies

In the present study 3CS8 was selected as a target 
protein, with which the ligands interact and finally, 
the docking pose were visualized. The main docking 
operation was performed on “DOCK LIGAND” 
wizard, under SYBYL X 2.1.1 SOFTWARE Package. 
The active site of the protein was identified by 
“PROTOMOL GENERATION” Wizard and the 
ligands were docked along with the co-crystallized 
ligand which was present within the crystal structure 
of protein molecule, finally, the binding poses were 
observed and docking score was obtained (TOTAL 
SCORE, CRASH SCORE, POLAR SCORE) by using 
SYBYLX2.1.1 scoring function (Lohning, 2017). 
RMSD value of re-docked crystal ligand was found to 
be 0.981

Animals

The efficacy study was done on Wistar Albino rats 
procured from The Committee for the Purpose of 
Control and Supervision of Experiments on Animals 
(CPSCEA) registered breeder Biogen, Laboratory 
Animal Facility, Bangalore. The animal handling 



75

FABAD J. Pharm. Sci., 47, 1, 73-82, 2022

and care were done as per CPCSEA guidelines and 
Institutional Animal Ethics Committee (IAEC) 
approval was obtained (Approval no JSSCPM/
IAEC/333/2019) before commencement of the study.

Acute oral toxicity test

The acute oral toxicity was done as per OECD 
guideline 425 (Organisation for Economic 
Cooperation and Development, 2008). By review of 
literature, it was found that the LD50 of the glitazone 
derivatives is more than 2000 mg/kg, hence the 
starting dose of 300 mg/kg was choosen for acute 
oral toxicity test. Even the maximum dose of novel 
glitazones tested in efficacy study was 20 mg/kg body 
weight, so more than ten times that of maximum dose 
tested for any mortality for both the novel compound.

Hypoglycaemic activity

Wistar Albino Rats weighing between 200-250 
g were divided into seven groups of 8 animals each; 
treatment and evaluation was done as shown in 
the Table 1. The induction of hyperglycemia was 
done by STZ administration as per the standard 
protocol with slight modification (Graham, 2011). 
Overnight fasted animals were given a single dose 
of 50 mg/kg intraperitoneal (i.p.) injection of STZ. 
About 15 minutes before administration of STZ, 40 
mg/kg nicotinamide was given in a single shot by 

i.p. route (Yoshino, 2018). To avoid drug-induced 
hyperglycaemic shock, 5% D-glucose was given for 24 
hrs. After 72 hrs of STZ administration, body weight 
and plasma blood glucose levels were recorded. 
Animals with 300 to 600 mg/dl levels of blood glucose 
were considered as hyperglycaemic and included in 
the study.

Level of blood glucose was measured with a 
portable glucometer (ON CALL PLUS) before 
induction, i.e. on day 0, and on 7th, 14th day, 21st day. 
Samples of blood were collected from each rats using 
tail vein puncture and blood drops were placed on the 
blood glucose strips mounted in the blood glucose 
determination unit. 

Animals were euthanized at the end of the 
experiment; blood samples were collected by carotid 
bleeding and kept aside for 30 minutes to clot. The 
clotted blood was centrifuged at 3000 rpm for 10 
minutes to collect the supernatant serum. Serum 
was used for the estimation of the serum glutamate 
oxaloacetate transferase (SGOT), serum glutamic-
pyruvic transaminase (SGPT), low density lipoprotein 
(LDL), high density lipoprotein (HDL), triglycerides 
(TG), total cholesterol (TC)  and glucose by using 
diagnostic kits (SPINREACT).

Table 1. Study protocol for protective effect of novel glitazones against STZ Rat model.
Group Treatment     Evaluation

Normal Vehicle Parameters assessed
1. Body weight.
2. Blood glucose estimation on glucometer on 0th, 7th, 14th and 21st day 

of study period.
3. Serum lipid profile TG, LDL TC & HDL.
4. Serum GOT and GPT
5. Histopathology

Control Vehicle + STZ in the i.p. route

Standard Vehicle + STZ + Pioglitazone

C5 dose 1 STZ + novel glitazones low dose10mg/kg

C5 dose 2 STZ + novel glitazones high dose 20 mg/kg

C22 dose 1 STZ + novel glitazones low dose 10 mg/kg

C22 dose 2 STZ + novel glitazones high dose 20 mg/kg
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Histopathology of pancreas
The rats were given ketamine/xylazine anaesthesia, 

and the pancreas tissues were extracted, fixed in 10% 
phosphate-buffered formalin, and embedded in 
molten paraffin. Hematoxylin and eosin (H and E) 
were used to stain the paraffin-embedded blocks with 
a 5m thickness, and the Ishak score was used to score 
and grade them.

Statistical calculation
All the results are expressed as Mean±SEM, 

statistical calculations were done using GraphPad 
Prism free software (GraphPad Software LLC., 2020), 
p value less than 0.05 was considered as significant.

RESULTS AND DISCUSSION
Molecular Docking
From the Brookhaven protein data bank (www.

rcsb.org) the crystallographic data of the enzyme 
was downloaded and used for the docking studies. 
Simulation of molecular docking was performed 

primarily to differentiate the interactions of the 
simple ligand. In the present study we have selected 
the target protein 3CS8 with which the ligands 
were interacted and finally the docking poses were 
visualised. The docking study reveals that novel 
compounds C5 and C22 (Table 2, Figure 1) showed 
a better interaction when compared with that of 
reference ligand rosiglitazone. Out of 32 virtual 
compounds, compound C5 and C22 showed better 
binding interaction. These two novel compounds 
were selected for hypoglycaemic activity on STZ rat 
model. The binding interactions include one hydrogen 
bond with Tyr473 and several hydrophobic contacts 
with Ile281, Cys285, Ile326, Ile341, Met348, Met364, 
His449 from arm-I and arm-II of the ligand binding 
domain (LBD)of PPAR γ . Thus possibly any PPAR-γ 
binding with His323, Tyr327, His449, and Tyr473 
from arm-I of the LBD of PPAR-γ has transactivation 
activity. (Figure 2). 

Table 2. Molecular docking results of novel glitazones legends
SL. No Novel Derivatives Total Score Crash Polar
0 Standard Rosiglitazone 6.7228 -3.5310 1.4621
1 C05 6.8118 -2.4301 1.5739
2 C22 6.3202 -0.9233 2.4394
3 C23 5.9689 -2.2540 1.7007
4 C08 5.9223 -1.4271 1.2935
5 C10 5.8397 -2.4710 0.5369
6 C09 5.7256 -1.0092 0.5791
7 C02 5.7248 -1.1441 1.4199
8 C26 5.7137 -1.5412 0.5950
9 C14 5.6079 -2.9680 1.0689
10 C21 5.3159 -0.9126 0.4950
11 C01 5.1746 -1.0141 0.6483
12 C31 5.1738 -1.6236 0.0036
13 C20 5.1379 -0.8814 0.5482
14 C24 5.1212 -2.2886 2.3748
15 C15 4.8559 -2.2510 1.0293
16 C28 4.7853 -2.3310 0.0009
17 C07 4.7790 -3.2454 0
18 C03 4.6589 -1.2578 0.6321
19 C30 4.6435 -1.9447 0.5121
20 C32 4.5504 -1.4171 0.9860
21 C06 4.5443 -1.4067 0.5349
22 C13 4.5229 -2.1519 0.0037
23 C27 4.5101 -1.0806 0.0001
24 C17 4.4375 -2.9890 0.0003
25 C18 4.4176 -2.4296 0.0013
26 C25 4.3999 -1.3049 0.4670
27 C29 4.2423 -1.4819 0.0005
28 C12 4.2317 -1.5827 1.0427
29 C16 4.2228 -2.8222 0.0003
30 C11 4.0333 -1.4412 0.0003
31 C19 3.8878 -1.1232 0.9169
32 C04 3.8789 -3.2460 0.0076
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Figure 1. Strcture of the Novel glitazones and reference standard Rosiglitazone

 

Standard Rosiglitazone

Figure 2.Molecular docking of novel glitazones legends and standard rosiglitazone
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Acute oral toxicity test

It was done in accordance to the OECD guideline 
425 at one dose level of 300 mg/kg body weight and 
both the novel compounds (C5 and C22) were not 
shown any mortality until 14 days. We considered 
300 mg/kg as maximum tolerable dose and used 10 & 
20 mg/kg (less than 1/10 of the safe dose) for in-vivo 
hypoglycaemic activity.

Body weight

The body weight of all rats was assessed on 0th, 
7th, 14th and 21st day of study period. The control 
group exhibited the significant decrease in the 
body weight on day 14 (201.25±12.69) and day 21 
(189.00±12.05) when compared to normal group. 

Which shows significant induction of hyperglycemia 
in the animals. There was an increase in the body 
weight of treatment group of animals than the control 
group and compound C5 in both the doses showed 
better regain in the body weight than compound C22. 
Standard group showed significant increase in the 
body weight on day 14 (247.12±14.75) and on day 21 
(253.75±15.13). The treatment groups at the dose 10 
mg/kg C5 (241.37±09.40), C22 (234.00±11.12) and 20 
mg/kg C5 (246.37±08.11), C22 (243.37±07.67) were 
showed significant increase in body mass on day 21 
when comapred with standard group (253.75±15.13). 
The test compound C5 at a dose 10 mg/kg exhibited a 
significant increase in the body weight of animal than 
the C22 on day 21 (Figure 3).

Figure 3. Protective effect of novel glitazones against STZ induced hyperglycaemic rat model
All the values are expressed as Mean ± SEM, n=8.

The data were analysed by one-way ANOVA followed Tukey’s multiple comparison test.
a-Significant when compared to the normal group (p<0.05)
b-Significant when compared to the control group (p<0.05)

c-Significant when compared to the standard group (p<0.05)

Blood glucose level

The blood glucose level of all rats was assessed on 0th, 
7th, 14th and 21st day of treatment period. The untreated 
(control) group of animals have shown the significant 
rise in the level of glucose on day 14 (538.12±16.719) 
and 21 (586.62±08.50) when compared to normal 
group. Which demonstrated significant induction 
of hyperglycemia. There was a significant decrease 
in the blood glucose level in treatment and standard 

group when compared with control group. Standard 
group showed significant decrease in the blood 
glucose level on day 14 (259.37±19.74) and on day 21 
(183.62±20.39). The treatment groups at the dose 10 
mg/kg C5  (215.25±23.76), C22 (234.25±31.49) and 20 
mg/kg C5 (197.50±27.19), C22 (206.87±17.45) were 
showed significant decrease in the glucose level on day 
21. The test compound C5 at a dose of 10 and 20 mg/
kg exhibited a significant reduction in the glucose level 
than C22 on day21 (Figure 4).
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Figure 4. Protective effect of novel glitazones against STZ induced hyperglycaemic rat model
All the values are expressed as Mean ± SEM, n=8.

The data were analysed by one-way ANOVA followed Tukey’s multiple comparison test.
a-Significant when compared to the normal group (p<0.05)
b-Significant when compared to the control group (p<0.05)

c-Significant when compared to the standard group (p<0.05)

Serum lipid profile

Control group of animals reported significant 
decrease in HDL levels when compared with normal 
group. Compare to control group, standard and C5 
& C22 treated groups have shown a significant rise 
in HDL level dose dependently but better rise in the 

HDL level was observed in C5 group. The control 
group have shown increased level of LDL, TG and 
total cholesterol when compared with normal group. 
The treatment with novel compounds C5 & C22 and 
standard have reversed the increased level; activity 
was observed at both doses and it was same as that of 
standard group of animals (Figure5).

Figure 5. Protective effect of novel glitazones against STZ induced hyperglycaemic rat model
(Serum Lipid Profile)

All the values are expressed as Mean ± SEM, n=8.
The data were analysed by one-way ANOVA followed Tukey’s multiple comparison test.

a-Significant when compared to the normal group (p<0.05)
b-Significant when compared to the control group (p<0.05)

c-Significant when compared to the standard group (p<0.05)
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Liver enzyme profile- SGOT and SGPT

SGOT and SGPT level in STZ control group 
showed a significant increase when comapred 
with normal group. SGOT and SGPT level was 

considerably decreased in the treatment group when 
compare to the control group and activity observed 
was dose dependent (Figure 6).

Figure 6. Protective effect of novel glitazones against STZ induced hyperglycaemic rat model
                                                            (A-SGOT and B-SGPT)

All the values are expressed as Mean ± SEM, n=8.
The data were analysed by one-way ANOVA followed Tukey’s multiple comparison test.

a-Significant when compared to the normal group (p<0.05)
b-Significant when compared to the control group (p<0.05)

c-Significant when compared to the standard group (p<0.05)

Histopathology of pancreas

The effects of STZ on pancreas and its recovery 
from the treatment are depicted in the Figure 7. It was 
observed that, pancreas normal histology, Acini (AC), 
Islet of Langerhans (IL), Intercalated duct (ICD) and 

Interlobular duct (ILD) are seen in the normal group 
of animals. The same is seen disturbed in STZ alone 
treated control group of animals, whereas damage 
of pancreas is reversed by the treatment with novel 
compound C5 and C22 as well as standard drug 
Figure 7.  

                                             

Figure 7. Protective effect of novel glitazones against STZ induced hyperglycaemic rat model  
(Histopathology study)
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CONCLUSION

The present investigation provides an evidence 
for protective effects of novel glitazone against 
STZ induced hyperglycemic rat model by the 
investigated parameters. The evaluation was done by 
morphological, biochemical and histopathological 
investigation. Both the novel glitazone had showed 
the hypoglycaemic activity dose dependently. The 
novel compound C5 had demonstrated good activity 
at both the doses whereas C 22 at higher dose tested. 
The present investigation provides a lead for further 
studies required to support the present assumption 
and elucidate detailed protective action.
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Recent Advancements in Antipsoriatic Therapy: An Update

SUMMARY

Psoriasis is a chronic inflammatory, a multisystem autoimmune disease 
with extreme pathological features and unsatisfied pharmacotherapeutic 
needs. Primarily psoriasis is associated with epidermal cells, keratinocyte 
hyperproliferation, inflammation, dermal capillary dilation, and pro-
angiogenic mechanisms. compared with other chronic diseases, patients 
with psoriasis have severe psychological stress and undergo reduced physical 
activeness, cognitive dysfunctions, and low-quality life. Pathophysiology 
is complex with the involvement of various mediators like interleukin-
(il)-17, il-23, tumor necrosis factor-alpha (tNF-α), interferon-
gamma(iFN-γ), and vascular endothelial growth factor (veGF) that 
play a significant role in escalation and localizing the inflammation 
caused in psoriasis. However, acquiring uninterrupted knowledge of 
psoriasis pathophysiology allows us to identify the novel therapeutic 
targets that could be explored to overcome personalized psoriasis 
treatment challenges. conventional therapy includes corticosteroids, 
vitamin-D, methotrexate, and cyclosporine, but with low efficacy and 
severe side effects and sometimes causing disease comorbidities. New 
biologics approved by FDA during 2016-2019, such as il-23 blockers 
risankizumab-rza, guselkumab, and tildrakizumab-asmn, certolizumab 
pegol targeting tNF-α, il-17 blockers brodalumab and ixekizumab 
have revolutionized the treatment of moderate to severe psoriasis due to 
targeted approach but are reported to possess many side effects leading 
to low patient compliance. Biosimilars of adalimumab, etanercept, and 
infliximab, designed by reverse engineering of biologics, are also becoming 
popular due to their cost-effectiveness. Drug repurposing focuses mainly 
on defining new medical uses for old drugs. The main focus of drug 
repurposing is how the drug molecule interacts with various targets and 
executes its pharmacological action, revealing the new possibilities of 
designing effective therapeutic agents with low toxicity.

Key Words: Psoriasis; Drug repurposing, Angiogenesis, vascular 
endothelial growth factor, Keratinocyte proliferation, tNF-α, iFN-γ, 
Th-17/Th-23 pathway
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Antipsoriatik Tedavide Son Gelişmeler: Bir Güncelleme

ÖZ

sedef hastalığı, aşırı patolojik özelliklere ve tedavisinin farmakolojik 
olarak yetersiz kaldığı çok sistemli bir otoimmün hastalık olan kronik 
inflamatuar bir hastalıktır. temelinde sedef hastalığı epidermal hücreler, 
keratinosit hiperproliferasyonu, inflamasyon, dermal kapiller genişleme 
ve pro-anjiyojenik mekanizmalarla ilişkilidir. Diğer kronik hastalıklarla 
karşılaştırıldığında, sedef hastalığı olan hastalar ciddi psikolojik strese 
ve bilişsel işlev bozukluklarına sahip olmakla birlikte daha az fiziksel 
aktivite ve düşük kaliteli yaşam sürer. Patofizyoloji, sedef hastalığının 
neden olduğu iltihaplanmanın artmasında ve lokalizasyonunda önemli 
bir rol oynayan interlökin- (il) -17, il-23, tümör nekroz faktörü-alfa 
(tNF-α), interferon-gama (iFN-γ) ve vasküler endotelyal büyüme 
faktörü (veGF) gibi çeşitli aracıların katılımıyla karmaşıktır. Bununla 
birlikte, sedef hastalığı patofizyolojisi hakkında kesintisiz bilgi edinmek, 
sedef hastalığının kişiye özgü tedavisinin zorluklarının üstesinden 
gelmek için keşfedilebilecek yeni terapötik hedefleri belirlememize olanak 
tanır. Geleneksel tedavide kortikosteroidler, vitamin-D, metotreksat ve 
siklosporin kullanılır, ancak bu ilaçlar düşük etkinliğe ve ciddi yan 
etkilere sahiptir ve bazen hastalık komorbiditelerine neden olur. 2016-
2019 yılları arasında FDA tarafından onaylanan risankizumab-rza, 
guselkumab ve tildrakizumab-asmn, gibi il-23 blokerleri, brodalumab 
ve ixekizumab gibi il-17 blokerleri ve tNF-α yı hedefleyen 
sertolizumab pegol gibi hedefe yönelik yeni biyolojikler, orta ila şiddetli 
sedef hastalığının tedavisinde devrim yarattı, ancak bu ilaçların düşük 
hasta uyumuna yol açan birçok yan etkiye sahip oldukları bildirildi. 
ters biyoloji mühendisliği ile tasarlanan adalimumab, etanersept ve 
infliksimab biyobenzerleri de maliyet-etkin olmaları nedeniyle popüler 
hale gelmektedir. İlaçların yeniden kullanılması, esas olarak eski ilaçlar 
için yeni tıbbi kullanımların tanımlanmasına odaklanmaktadır. İlacın 
yeniden kullanılmasının ana odağı, ilaç molekülünün çeşitli hedeflerle 
nasıl etkileşime girdiği ve farmakolojik etkisini nasıl gerçekleştirdiği ve 
düşük toksisiteli etkili terapötik ajanlar tasarlamanın yeni olanaklarını 
ortaya çıkarmasıdır.

Anahtar kelimeler: sedef hastalığı; İlaçların yeniden 
kullanılması; Damarlanma; vasküler endotelyal büyüme faktörü; 
Keratinosit proliferasyonu, tNF-α, iFN- γ, Th-17/Th-23 yolağı.
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disease 
with a strong genetic predisposition and autoim-
mune pathogenic traits. Prevalence is nearly 2 to 3% 
of the world population (Affandi, 2018). The disease 
is characterized by epidermal hyperproliferation, 
hyperkeratosis, parakeratosis, dermal capillary dila-
tion, and inflammatory cell infiltration (Krueger and 
Bowcock, 2005). The skin of the psoriasis patients is 
well-demarcated, locates with silvery scales, erythem-
atous oval plaque formation. The formation of scales 
is due to the hyperproliferation of epidermal tissue 
with unmatured keratinocytes and incomplete kera-
tinization with the detainment of nuclei in the stra-
tum corneum. The basal keratinocytes undergo rapid 
mitosis compared to the usual mitosis process, which 
results in the thickening of the epidermis with com-
bined dermal inflammatory infiltration. The infiltrate 
comprises neutrophils, macrophages, dermal dendrit-
ic cells, and T cells in the dermis (Lowes, 2014). The 
lesions appear red due to the high torturing of cap-
illaries reaching the skin through a thin epithelium. 
Cytokines such as interferons (IFNs), tumor necrosis 
factor-alpha (TNF-α), interleukin (IL)-12/IL-23, IL-9, 
IL-17, IL-22, typical inflammatory chemokines like 
chemokine (C-C motif) ligand (CCL)- 2, CCL3 and 
CCL5, chemokine (C-X-C motif) ligand (CXCL)-1, 
CXCL2 and CXCL8, and angiogenic growth factors 
are blameworthy factors exchanged between immune 
cells and keratinocytes that result in epidermal hyper-
plasia (Martin, 2012). Compared with other chronic 
diseases such as cardiovascular diseases, cancer, pso-
riasis patients have severe psychological stress and 
undergo reduced physical activeness (Rieder, 2012) 
and experience a low-quality life because of the low 
levels of employment.

PATHOPHYSIOLOGY 

The pathophysiology of psoriasis (Figure 1) has 
been understood significantly in the last ten years 

by several research discoveries that have resulted in 
effective targeted therapy. T cells are believed to be 
key players in initiating and progressing pathological 
changes. The dendritic cells in the skin activate and 
catch a cutaneous antigen, which leads to migration 
to lymph nodes where they stimulate T cells by pre-
senting them with antigen. This triggers the prolifer-
ation of antigen-recognizing T cells (Coimbra, 2012). 
Psoriasis is also named T-cell helper 1 (Th1) disease 
because of the predominance of Th1 pathway cyto-
kines, such as TNF-α, IFN-γ, IL-2 IL-12 in psoriat-
ic plaques (Griffiths and Barker, 2007). The severity 
of psoriasis correlates with increased levels of Th1 
cytokines in serum and circulating levels of TNF-α, 
IFN-γ, IL-2, and IL-18. Th1 cells, dendritic cells 
(DCs), and natural killer (NK) cells secrete IFN-γ, ac-
celerating the migration of immune cells towards the 
skin, activating monocytes, macrophages, DCs, and 
endothelial cells that stimulate epidermal cell prolif-
eration, inhibiting apoptosis of keratinocytes. TNF-α 
is also an essential cytokine of the Th1 pathway and 
has proinflammatory effects. It is produced by DCs, 
T cells, macrophages, and keratinocytes. It also in-
duces IL-6 and C-reactive protein (CRP) expression 
in psoriasis (Coimbra, 2012). IL-18 is expressed due 
to TNF-α, which gives a solid chemotactic signal for 
raising neutrophils’ levels. TNF-α, with the help of 
IFN-γ, promotes the skin’s inflammatory cell infiltra-
tion by improving the expression of Intercellular Ad-
hesion Molecule-1 (ICAM-1) encoded by the ICAM1 
gene. IL-12 produced by DCs plays a vital role in the 
growth of T-helper type 1 cell-mediated immune re-
sponse. Simultaneously with IL-12 from T cells, cyto-
kines control the transcription of IFN-γ and TNF-α. 
IL-12 is responsible for the differentiation, prolifera-
tion, and maturation of T cells into memory effector 
cells. 

A new paradigm of the Th17 pathway associated 
with IL-23 and IL-17 makes the pathogenesis more 
complicated (Lowes, 2013; Mudigonda, 2012). Ac-
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tivated DCs in the dermis produce IL-23 and IL-12, 
which lead to stimulation of Th17, Th22, and Th1 
cells. IL-23-activated Th17 cells have IL-17A and IL-
17F. The stimulated epidermal cells produce an abun-
dant number of cytokines and inflammatory media-
tors like IL-8, CCL-2, CCL- 20, and CXCL-3, in which 
CXCL-1, CXCL-2, and CXCL-5 are ligands. Vascular 
endothelial growth factor (VEGF) induces vascular 
dilation and hyperplasia, whereas activation of the ke-
ratinocytes also induces IL-17C, further perpetuating 
the inflammatory cycle (Lowes, 2013).

The earlier observations suggested that the in-
volvement of immune response is required for the 
disease’s progression, which in turn is associated with 
increase in the number of inflammatory infiltrates 
(Bos, 1989; Bos, 1983). Further studies revealed that 
the infiltrate in skin lesions contains large amounts 
of CD4+ and CD8+ T cells (Bos, 1989; Chang, 1994). 
The inhibition of active T-cells using IL-12 and diph-
theria toxin fragment DAB389IL-2 proved that the T 
cells are involved in psoriasis’ pathogenesis (Gottlieb, 
1995).

Various human fusion proteins targeting the im-
mune response in lesional skin, such as abatacept, 

which inhibits the naïve T cell activation (Iannone 

and Lapadula 2012), alefacept, which inhibits Clus-

ter of Differentiation (CD2) co-stimulatory pathway 

and targets memory T cells (Mease, 2006; Iannone,  

2012)and efalizumab, which is a subunit of lympho-

cyte-associated antigen that blocks lymphocyte acti-

vation (Livertox: Clinical and Research Information 

on Drug-Induced Liver Injury, 2012) resulted in a 

decrease in the progression of psoriasis and estab-

lished the role of T lymphocytes in pathogenesis. 

The T lymphocytes’ prominent pathogenic role in 

the psoriasis patients and several observations eval-

uated that the disease originated in familial groups 

(Farber, 1974; Brandrup, 1982) that concludes that it 

is an autoimmune state with a well-built genetic base. 

So, psoriasis’s pathophysiology has several factors like 

the response of the immune system, psoriasis asso-

ciated susceptible locus, auto-antigens, and various 

environmental factors, which made it more complex 

and challenging to understand. However, acquiring 

uninterrupted knowledge of psoriasis pathophysiolo-

gy allows us to identify the novel therapeutic targets, 

which will help us overcome personalized psoriasis 

treatment challenges.
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Figure 1a.  Key cytokines involved in the progression of the disease

Figure 1. Pathophysiology of psoriasis
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EXISTING THERAPIES AND RECENT AD-
VANCES IN TREATMENT

The treatments available to date are to manage 
the occurrence of symptoms and control the disease’s 
development. Conventional treatment of psoriasis in-
cludes topical, systemic, and intra-lesional therapies, 
which are corticosteroids, vitamins, phototherapies, 
systemic immunosuppressants, and biologics (Smith, 
2006). 

Conventional therapy includes corticosteroids, vi-
tamin-D, anthralin, coal tar, retinoids, methotrexate, 
and cyclosporine. The main goal is to strive for nor-
mal conditions and maintain the quality of life. Corti-
costeroids treat mild to moderate psoriasis by slowing 
down the cell change by vanquishing the immune sys-
tem leading to a downfall in inflammation and itching 
(Schlager, 2016). Vitamin-D analogs, namely, calcitri-
ol and calcipotriene, are essential as an alternative 
for corticosteroids and bind to cytoplasmic vitamin 
D receptor, translocate into the nucleus, and bind to 
the nuclear receptor, and stimulates the transcription 
of vitamin D responsive genes, which regulate cell 
differentiation and down-regulate cell proliferation 
and inflammatory processes (Kragballe, 1995).  An-
thralin  (dithranol) induces the release of reactive 
oxygen species, which has a suppressed effect on the 
hyperproliferation of keratinocytes and the alteration 
of leucocytes (Dogra and Kaur, 2010). Coal tar is used 
as monotherapy, combined with topical agents, sys-
temic agents, and phototherapy. Skin becomes more 
sensitive to UV light by the occurrence of polycyclic 
aromatic hydrocarbons in coal tar (Thami and Sark-
ar, 2002). Retinoids are used as supportive therapy in 
chronic plaque psoriasis and mainly pustular psori-
asis. It is trusted to regularize DNA activity in skin 
cells and reduce inflammation (Samarasekera, 2012; 
Kuijpers, 1997).Methotrexate,  an immunosuppres-
sive agent, antimetabolite, and a dihydrofolate reduc-
tase inhibitor, is effective in treating psoriasis (Salim, 

2006). Cyclosporine, a calcineurin inhibitor that binds 
to cyclophilin, initiates immunosuppression by stop-
ping ulterior T-cell activation from treating moderate 
to severe psoriasis (Colombo, 2013). Phototherapy is 
employed for patients who do not respond to topical 
therapies and 20% or a significant part of body surface 
with plaques of psoriasis; it is believed that this leads 
to programmed cell death with increased transcrip-
tion and expressing the IL-10 in keratin cells (Camisa, 
2000). Ultraviolet A radiation (UVA) in association 
with systemic psoralens (PUVA) effectively treats 
skin lesions. Ultraviolet B (UVB) combined with coal 
tar or anthralin effectively treats moderate to severe 
psoriasis (Greaves, 1995). Nevertheless, convention-
al systemic therapies for psoriasis have not entirely 
fulfilled the patients’ requirements regarding mini-
mizing the severity of symptoms, cumulative toxicity 
of target organs, and potential drug interactions (Ni-
jsten, 2005). Christophers et al. reported that nearly 
50 percent of the patients found themselves highly 
unsatisfied in the patient, perceptive population study 
(Christophers, 2013). Lebwohl et al. reported that 
psoriasis management when associated with psoriatic 
arthritis, is worse, and 53 percent of the patient popu-
lation rated as suffering from the severity of psoriasis 
(Lebwohl, 2014).

The treatment approaches for psoriasis included 
the antibody and fusion protein-based to selectively 
target the central mediators of inflammation (Low-
es, 2007; Granstein, 2001; Kupper, 2003). Biological 
agents are primarily proteins, very unique as they 
are obtained from living organisms. Biological ther-
apies are innovative therapeutic options for moderate 
to severe psoriasis that have fewer side effects when 
compared to conventional therapies. Hepatotoxicity, 
nephrotoxicity, and bone marrow suppression are 
serious adverse effects of traditional drug molecules, 
which can be avoided by biological therapies with 
particular molecular targets (Rahman, 2012; Krueger, 
2001; Spitaler, 2004).
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Nevertheless, biological therapy is a treatment 
that involves the patient’s innate immune system to 
treat the disease and protect from different adverse 
effects. Still, it is also causing diverge adverse effects, 
including hypersensitive infections, various dermal 
infections, and proliferation (Rich, 2004). 

Biologicals have been classified based on mech-
anism of action (Sterry, 2004) and are very effective 
in treating psoriasis. The main classes are biologi-
cal agents targeting cytokines and T cells. The cyto-
kine-targeted therapy includes anti-TNFs (infliximab, 
etanercept, and adalimumab) and a monoclonal an-
tibody targeting IL-12 and IL-23 (ustekinumab).  T 
cell-targeted treatment includes  efalizumab and ale-
facept. Efalizumab  is a monoclonal antibody that 
inhibits lymphocyte interaction–function-associated 
antigen-1(LFA-1) with ICAM-1, which disrupts T 
cells’ connection with dendritic cells at lymph nodes 
and tissues (Guttman-Yassky, 2008).

Immunopathology-based treatments raised the 
idea of novel biologics. The main aim is to be more 
selective and intervening immunologically, hoping 
for lesser adverse effects than traditional medicine 
(Krueger 2002). These novel biologicals act by varied 
mechanisms such as

1. Blocking the release of cytokine and migration 
of antigen-presenting cells (APC)

2. Targeting activated T cells and controlled fur-
ther T-cell activation, 

3. Inhibiting TNF-α. 

4. Inhibiting the differentiation of the activated T 
cells into Th1 and Th17 cells.

5. Inhibiting cytokines like IL-17.

DRUG REPURPOSING

Drug repurposing is an exciting and sensible drug 
development process which it is economical and 
time-saving and focuses mainly on re-finding new 
medical uses for old drugs. There are many positive 

attributes of drug repurposing (Breckenridge, 2019) 
as summarized below:

1. Unlike normal drugs, repurposed drugs have 
fewer chances of failure in the safety and ef-
ficacy trials.

2. The period for drug development is less than 
the actual process as it has already been tested 
pre-clinically for safety.

3. The investment is low and is depended on the 
drug development process and the stage in 
which the candidate drug is present. 

These advantages give strength to obtain a less 
risky result and gaining a fast return on investment. 
Finally, the repurposed drug results in exploiting the 
novel targets and emerges with new pathways for 
drug action. From the very beginning, drug repur-
posing has been a serendipitous and opportunistic 
approach. Several drugs like zidovudine, sildenafil, 
thalidomide, and rituximab were approved for a par-
ticular indication but surprisingly paved the way to 
new indications.

For decades, dermatologists and researchers at 
the cellular and molecular levels have improved the 
concept of psoriasis’ immunopathogenesis. The im-
muno-pathological basis of psoriasis demands tar-
geted drug therapy for its complete cure, such as bio-
logicals, small molecule inhibitors, kinase inhibitors, 
and phosphodiesterase inhibitors. Though biologicals 
have been a good option for targeted therapy, they also 
resulted in potential side effects of dermatological in-
terventions. The prospective capture registry reported 
that females are not (less) satisfied with the biological 
treatment, and they are experiencing more side effects 
than males (van der Schoot, 2019). So the instant an-
swer will be that the drug repurposing strategy can be 
redirected towards the novel targets for treating psori-
asis entirely. There is the most critical requirement of 
novel and effective treatments for psoriasis. 
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Alefacept, denileukindiftitox, and etanercept  are 
recently approved drugs by the United States Food 
and Drug Administration (US-FDA). Some of the 
biologicals, such as  basiliximab (Nashan, 1997), da-
clizumab, and siplizumab, are under various stages of 
clinical trials.

Alefacept  is a fusion protein, the extracellular 
domain of LFA-3 fused with the CH2 and CH3 do-
mains of IgG1. It competitively binds to CD2 on T 
cells to block its activation, and it was the first bio-
logical agent to be approved for the treatment of pso-
riasis (Ellis, 2001). A clinical trial with 507 patients 
was conducted to check the efficacy of alefacept in 
chronic plaque psoriasis patients, 168 out of 507 pa-
tients were considered placebo group, and the rest of 
the patients were administered weekly 10mg (n=173) 
or 15 mg (n=166) alefacept intramuscularly. After the 
clinical response was checked, it was reported that 
there was a 41 percent reduction in the severity of 
symptoms in the 10mg group, 46 percent reduction 
in the severity of symptoms in the 15mg group, and 
25 percent reduction in the placebo group (Ortonne, 
2003). Denileukindiftitox is a fusion toxin made from 
the IL-2 gene and the enzymatically active ADP-ribo-
syltransferase domain of diphtheria toxin. It acts on 
the IL-2 receptor and decreases the number of patho-
genic T-cells (Foss F, 2000).  Etanercept  is a fusion 
protein composed of two TNF receptors, which are 
fused to the Fc portion of the human IgG antibody. 
It shows action against exogenous TNF receptors 
preventing an excess of TNF binding to cell-bound 
receptors, resulting in a reduction in the amount of 
active TNF and mitigation of TNF-mediated diseases 
(Goffe, 2003). Basiliximab is a chimeric monoclonal 
antibody directed against the CD25 subunit of IL-2 
and decreased the number of pathogenic T-cells 
(Owen, 2000). Clinical trials evaluated the effective-
ness of basiliximab in treating psoriasis. Several clin-
ical studies reported that it effectively treats severe 
psoriasis, which is very difficult to manage (Owen,  

2000; Mrowietz, 2000; Salim, 2000). Daclizumab is a 
humanized monoclonal antibody. It is FDA approved 
for acute renal transplant rejection and is currently 
under evaluation to treat psoriasis (Krueger, 2000). It 
acts against CD25 and deactivates the T-cell. Still, no 
adverse effects associated with the use of daclizumab 
are known. Therefore, it acts as an effective therapy for 
patients with moderate to severe psoriasis (Krueger, 
2000).  Siplizumab, a humanized IgG1 monoclonal 
antibody, is directed against CD2 and decreasing the 
number of pathogenic T-cells. Currently, it is cross-
ing the phase II stage, but no severe adverse reactions 
were noted; multiple courses of siplizumab may be an 
effective therapy for psoriasis(Langley, 2010).

TNF-α is a proinflammatory cytokine found in 
increased concentration in the joints and skin. En-
dogenous skin cells and activated leukocytes se-
crete TNF-α, which binds to the target receptor and 
plays an active role in leukocyte recruitment, mi-
gration, and activation, resulting in the secretion 
of more cytokines which induce an inflammatory 
cascade. The biological agents that block TNF-αin-
clude etanercept, infliximab, and adalimumab.  In-
fliximab and adalimumab are monoclonal antibodies 
that act directly against TNF-α (Winterfield, 2004; 
Richard, 2009). Briakinumab (ABT874) is a fully hu-
man monoclonal antibody. It acts against psoriasis by 
targeting on P40 subunit of IL-12 and IL-23. The re-
sulting downstream T-cell signal prevents IL’s binding 
with T-cell (Kimball, 2008).

THERAPEUTIC TARGETS

Treating epidermal hyperplasia resulting from 
abnormal proliferation and differentiation of basal 
keratinocytes is mainly focused on psoriasis therapy. 
Infiltration and accumulation of leukocytes in T lym-
phocytes route epidermal hyperplasia and neoangio-
genesis(Christophers, 2001).
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Keratinocytes

Therapies targeting hyperproliferation include 
newer analogs such as tacalcitol and maxacalcitol 
that have the same effects as calcipotriol on normal 
human keratinocyte proliferation and differentiation 
(Bos, 1989).  Bexarotene, a retinoid X receptor-spe-
cific retinoid indicated for second-line treatment of 
cutaneous T cell lymphoma, also has antiprolifera-
tive effects in psoriatic skin (Wingren, 1995). Trogl-
itazone, a thiazolidinedione, predominantly activates 
the g-subunit of the peroxisome proliferation activa-
tion receptor (PPAR) and promotes ex vivo differenti-
ation of cultured normal and psoriatic keratinocytes 
(Stuart, 2002). Mainly PPAR-α and PPAR-γ agonists 
are remarkably reducing keratinocytes’ proliferation 
without prompting terminal differentiation (Elder, 
2010). Genetic research advancements are resulting in 
antiproliferative targets. A member of the short-chain 
dehydrogenase reductase family, the  hRDH-E2  gene 
is expressed abundantly in psoriatic tissues (de Cid, 
2009). More efforts must be focused on the role of 
transcription factors that help a better understanding 
of the paracrine regulation of keratinocyte differenti-
ation and hyperproliferation. 

Neuropeptides 

The immune system governs the pathophysiol-
ogy of psoriasis. At the same time, the underlying 
inflammatory process is maintained by the nervous 
system that primarily involves neuropeptides such 
as gene-related peptide, nerve growth factor, vaso-
active intestinal peptide, substance P, adenosine, 
glucagon-like peptide, somatostatin, and pituitary 
adenylate cyclase polypeptide, which induces neuro-
genic inflammation in psoriatic patients(Vidal Yucha, 
2019). The functions of the neuropeptides are the 
promotion of keratinocyte hyperproliferation(Hae-
gerstrand, 1989), induction of the secretion of IL-6, 
and IL-17A that increases the involvement of Th 17 

leading to the progression of inflammatory skin dis-
eases like psoriasis (Yadav, 2008), and induction of 
Langerhans antigen-presenting cells to Th cells (Ding, 
2016). The sensory nerve stimulations in response to 
the external environment make the cutaneous nerves 
secrete the neuropeptides that engage the inflamma-
tion, dilate the blood vessels, and activate the kerat-
inocytes to generate the inflammation (Kodji, 2019; 
Mehta, 2019). The elevation of the number of cuta-
neous nerve fibers increases the secretion of NGFs 
mutually promotes inflammation and intensifies pso-
riasis’ progression (Mehta, 2019). When various re-
ports of normal skin and nonlesional psoriatic skin 
were examined and compared, increased expression 
of substance P was observed in psoriasis skin (Chan, 
1997). Also, when reports of psoriatic pruritus pa-
tients and psoriasis patients with no pruritus were 
compared, the expression of substance P in kerati-
nocytes was higher in patients with pruritus (Chang, 
2007). The skin of psoriasis patients is represented 
with high mast cells. For example, in atopic derma-
titis (Nakamura, 2003), substance P provokes mast 
cells’ degranulation and enhances the production of 
histamine and other inflammatory substances. The 
maturation of Th1 and Th17 is promoted by TNF-α, 
while dendritic cells produce IL-23 (Asarch, 2008). 
Many drug discovery teams’ contribution towards an 
understanding of neuropeptide biology is exemplary, 
but to date, drugs selectively binding with neuropep-
tide receptors have not emerged from the clinic.

Angiogenesis

Endothelial growth factor (VEGF), platelet-de-
rived growth factor, fibroblast growth factor (FGF), 
transforming growth factor (TGF)-α and -β, TNF-α, 
ILs, chemokines, angiogenin, and angiopoietins are 
the significant angiogenesis inducers while anti-an-
giogenic like endostatin, angiostatin, and thrombos-
pondin act against it. Disturbance leads to dysregu-
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lated and uncontrolled angiogenesis, which has been 
implicated in causing an increment in endothelial cell 
proliferation in the outermost capillary plexus and ex-
panded dermal microvasculitis (Lebwohl, 1997, Can-
tatore, 2017) as seen in psoriatic arthritis.IL-1 inhib-
itors (anakinra), TNF-α inhibitors (infliximab, adali-
mumab, etanercept, golimumab, and certolizumab), 
IL-6 blockers (tocilizumab), anti-IL-17 antibodies 
(secukinumab), anti-IL-12/23 antibodies (usteki-
numab), anti-CD-20 antibodies (rituximab), anti-B-
cell activating factor (belimumab), and anti-CD80 
and anti-CD86 receptors (abatacept) are some of the 
promising angiogenesis inhibitors that can benefit pa-
tients of psoriatic arthritis (Cantatore, 2017).

Stimulated keratinocytes in epidermal lesions 
become a significant source of pro-angiogenic me-
diators. Matrix metalloproteinases (MMPs) (Seville, 
1976), vascular endothelial growth factor (VEGF) 
(Farkas, 2001), integrins (Allen & Bloxham, 1989), 
and angiopoietin are angiogenic molecules that cause 
psoriasis (Williams, 1992). Vascular endothelial 
growth factor shows a prominent pathogenic role in 
psoriasis. Clinical studies have revealed an increase of 
VEGF in lesions (Shah, 2007); serum VEGF levels and 
disease severity are associated with each other (Wein-
stein, 1997). Mice expressing high VEGF in epidermal 
lesions developed a phenotypic character resembling 
psoriatic lesions with the restrainment of CD8+ and 
CD4+ T lymphocytes in the epidermis and dermis, 
respectively (Scher, 2001). Many reports in the litera-
ture indicate that angiogenesis plays a remarkable role 
in psoriasis’ pathophysiology; however, limited infor-
mation is available on the success of anti-angiogen-
ic therapies. Methotrexate, psoralen, and ultraviolet 
light A (PUVA) mainly target the T cell-mediated im-
munopathology of psoriasis; both have been shown 
to possess significant anti-angiogenic effects in psori-
atic patients (Shaker, 2013). Schonthaleret al (2009). 
report the clinical benefit of Anti-VEGF monoclonal 

antibody G6–31in an experimental model of psoriasis 
in mice.

Cytokine antagonists

Anti-TNF-α agents

TNF-α is the crucial effector cytokine in inflam-
matory diseases like psoriasis. TNF therapies have 
been used for treating various inflammatory dis-
orders, such as rheumatoid arthritis, inflammatory 
bowel disease, and psoriasis (Taylor, 2001). 100 mg 
weekly dose of etanercept resulted in PASI75 in Phase 
III studies at 12th week in 47–49% patients compared 
with placebo. It is a recombinant human TNF-recep-
tor fusion protein that was the first TNF-α inhibitor 
approved in 2004 to treat psoriasis (Tyring, 2006). In-
fliximab is a chimeric monoclonal antibody showing 
anti-TNF activity with a high degree of affinity and 
specificity (Schopf, 2002).  Infliximab  administered 
intravenously at a weekly dose of 5 mg/kg (on 0th, 
2nd, and 6th week) resulted in PASI75 responses at 
week 10 of 75.5% and 80% compared with placebo 
in two phases III studies as reported by Menter et al. 
(2007) and Reich et al. (2005), such promising out-
come was not reported before with any other therapy. 
Adalimumab is a human monoclonal antibody of the 
IgG1 isotype similar to infliximab approved in 2005 
for treating psoriasis. Rønholtand Iversen (2017) re-
port 70% PASI75 response rates in psoriatic patients 
in a clinical trial. Though infliximab is more effica-
cious than adalimumab, its side effects limit its use in 
psoriatic arthritis; therefore, adalimumab is preferred 
as first-line therapy (Smith, 2017).

Golimumab  is a human recombinant immu-
noglobulin G1 monoclonal antibody, and it direct-
ly targets TNF-α (Urdaneta, 2017).  Certolizumab 
pegol  is an anti-TNF-α biologic; its safety and effi-
cacy were evaluated by a dose-response, random-
ized, placebo-controlled double-blind clinical study 
(NCT00245765). It was well tolerated with zero safety 
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concerns. It does not provoke an antibody-dependent 

cytotoxic reaction, as evident with the TNF-α block-

ers because it does not possess fragments crystalliz-

able (Fc) region (Reich, 2012).

Development of neutralizing anti-drug antibodies 

(Kui, 2016), lupus, multiple sclerosis, congestive heart 

failure, opportunistic tuberculosis are some of the 

severe but rare adverse effects characteristics of an-

ti-TNFα therapies which are being continuously and 

persistently pursued their development as more effec-

tive and targeted therapeutic agents with minimum 

side effects (Reid, 2020). 

Anti-IL-17 and anti-IL-12/23 agents

Researchers strongly believe that the IL-23/TH17 

cell pathway plays a highly significant role in psoriasis 

progression; therefore, the therapies being developed 

are focused on ways of IL-23 or IL-17 cytokine sig-

naling (Reid, 2020) (Table 1). Diverse IL-17 inhibitors 

are being investigated for psoriasis.  Secukinumab, 

Brodalumab,  and  Ixekizumab  are fully humanized 

immunoglobulin G1, G2, and G4 monoclonal anti-

bodies, respectively, which normalize IL-17A (Gor-

don, 2016; McInnes, 2018). Brodalumab additionally 

blocks IL-17F also. Though clinical trials have not 

been conducted, antibody RG7624, targeting IL-17A 

and IL-17F for chronic inflammation, is reported 

(Miossec, 2012). IL-12 and IL-23 have a similar p40 

subunit that is bounded to receptor IL-12Rβ1 on the 

cell surface. Ustekinumab, an anti-p40 antibody that 

binds to the p40 subunit of IL-12 and IL-23, disturbs 

cell signaling mediated by IL-12 and IL-23 (Papp, 

2013). On the other hand, a long-term safety study 

reported that it does not cause dose-related or cumu-

lative toxicity has the most acceptable results when 

compared with adalimumab and etanercept inflix-

imab. Tildrakizumab and Guselkumabare G1 mono-

clonal antibodies target the IL-23 p19 subunit (Papp, 

2015; Reich, 2017). Risankizumab selectively targets 

IL-23A (Papp, 2017).

 Table 1. List of anti-IL-17/23 biologics

Biologics Nature of the biologic Mechanism of action

Secukinumab
(Gordon, 2016; McInnes, 2018)

G1 monoclonal antibody Selectively binds to the IL-17A cytokine and inhibits its 
interaction with the IL-17 receptor

Brodalumab
(Miossec and Kolls, 2012).

G2 monoclonal antibody  Inhibits the IL-17 receptor

Ixekizumab
(Gordon, 2016; McInnes, 2018).

G4 monoclonal antibody Selectively binds to the IL-17A cytokine and inhibits its 
interaction with the IL-17 receptor

Ustekinumab
(Papp, 2013)

Anti-p40 antibody Disturbs cell signaling that is mediated by IL-12/ IL-23

Tildrakizumab
(Papp, 2017, Reich, 2017)

G1 monoclonal antibody The targets p19 subunit of IL-23 and also blocks the 
release of IL-17 and TNF-α

Guselkumab
(Papp, 2017, Reich, 2017)

G1 monoclonal antibody Prevents the binding of the cytokines IL-23, IL-43 with 
its receptor

Risankizumab
(Papp, 2017)

 Anti-IL-23 biologic Binds to the p19 subunit of cytokine IL-23 and inhibits 
the IL-23 pathway



93

FABAD J. Pharm. Sci., 47, 1, 83-108, 2022

Small molecule inhibitors

Anti-Janus kinase agents

Various inflammatory cytokines such as IL-23 
bind to both type one and two cytokine receptors, 
leading to Janus kinase (JAK) stimulation -mediated 
signaling intracellularly (Schwartz, 2017). The JAKs 
undergo dimerization and form heterodimers, thus 
modifying the receptors for allowing signal transduc-
er and activator of transcription (STAT) proteins to 
bind and get activated. After the STAT proteins get 
started, they dimerize and regulate the gene transcrip-
tion by translocating to the cell nucleus (Hsu & Arm-
strong 2014). So inhibition of JAKs, in turn, inhibits 
the signaling pathway and gene transcription as well 
as inflammatory cytokine production, thus minimiz-
ing the inflammation.

JAK inhibitors give favorable treatment results 
in psoriasis patients. Inhibition of lymphocyte infil-
tration, STAT3 phosphorylation, and keratinocyte 
proliferation in a mouse model of contact hypersen-
sitivity is obtained by the topical application of JAK 
inhibitors (Fridman, 2011). Baricitinib is a novel and 
oral selective inhibitor for JAK1 and JAK2, and it is 
in the phase II trial with good results. Phase III trials 
can be an effective molecule for managing psoriasis 
(Papp, 2016). Tofacitinib is a dual inhibitor for JAK1 
and JAK3 (Papp, 2016).

Anti-A3 agents

A3 adenosine receptor (A3AR) is a G-protein-cou-
pled receptor family that regulates enormous intracel-
lular signaling pathways. High expressions of A3AR 
are observed in lesioned cells and the peripheral blood 
mononuclear cells in psoriasis patients (Fishman & 
Cohen, 2016). Down-regulating the activation of the 
NF-κB signaling pathway and promoting the pro-
grammed cell death of inflammatory cells is achieved 
by inhibiting the A3AR activation (Fishman, 2012). 
Piclidenoson [generically known as IB-MECA (meth-

yl 1-[N6-(3-iodobenzyl)-adenin-9-yl]-b-D-ribofuro-
namide]/CF101, an adenosine A3 receptor inhibitor 
and a novel anti-inflammatory agent, is currently un-
der phase III clinical trial in patients with moderate 
to severe plaque psoriasis(Rønholt and Iversen, 2017) 
the effect is being compared with apremilast in this 
study (Can-FiteBioPharma, NCT03168256). Phase II 
study revealed effective mitigation of disease symp-
toms indicating a direct correlation between A3AR at 
baseline and patients’ response to piclidenoson, sug-
gesting that it can be used as a predictive biomarker 
(David, 2012).  

Anti-IκBζagents

IκBζ protein is a third member of the nuclear IκB 
family of proteins expressed in undetectable concen-
tration in resting cells except in keratinocytes and 
several mucosal tissues. Its expression is induced by 
stimulation of Toll-like receptors (TLR) 2, 4,5, 7, and 
9. IL-1β is also reported to cause IκBζ.IκBζ is an in-
herent part of the immune system and remarkable 
regulator of inflammation, cell proliferation, and sur-
vival (Willems, 2016). Though the molecular mecha-
nism and regulation of IκBζ by the IL-17A pathway is 
unclear, it plays a significant role in psoriasis by IL-
17A driven mechanisms. Johansen et al. (2015) have 
established that IκBζ plays a crucial role in psoriasis 
development. Bertelsen et al., 2020 have reported 
thatIκBζplays a significant role in the antipsoriatic ef-
fect of secukinumab, which was tested on 14 patients 
with plaque psoriasis. It was shown to improve clin-
ical scores, histologic psoriasis features and alter the 
skin transcriptome.

Bioinformatics - machine learning approach

The bioinformatics machine learning approach 
using a letter embedding method helps predict the 
drugs that can be repurposed with different gene tar-
gets for psoriasis. It brings a confirmation regarding 
the drug candidates that are effective in treating pso-

https://clinicaltrials.gov/show/NCT03168256


94

Shafiulla, Dhaneshwar 

riasis, identifying the potent drug candidates being 
used in the treatment of other inflammatory diseases 
that could also be repurposed for psoriasis. The drug 
targets that were predicted by this approach have im-
proved the understanding of notable characteristics 
of genes that were differentially indicated in the le-
sioned skin. Along with budesonide (a corticosteroid 
that is being used for inflammatory bowel disease and 
asthma) and hydroxychloroquine (an anti-malarial 
drug that is being used for rheumatoid arthritis) in 
combination with balsalazide and mesalamine(which 
have anti-inflammatory activity) could be a beneficial 
combination to treat psoriasis (Mason, 2002).

The drugs and their targeted genes that are es-
sential components in the pathogenesis of psoriasis 
include T helper cell one induced cytokine IFN-γ, 
NOS2, a nitric oxide synthase that is involved in the 
anti-microbial activity (Quaranta, 2014), IL1B that 
causes hyperproliferative inflammatory lesions in dif-
ferent mice models (Schön, 2001). Drugs have vari-
ous gene targets; cyclophosphamide, budesonide, and 
mercaptopurine have many gene targets 308, 45, and 
35, respectively (Table 2).

 Table 2. Drugs and their targets

Drugs Gene targets

Budesonide CCL2, ABCB11, IL1β, CYP3A4, CSF2, 
CYP3A5, IFN-γ, BCL2

Hydroxychloroquine NOS2, IL1B, CCL2

Mercaptopurine BCL2, GATA3, SOD2

Mesalamine IL1γ, PPARγ, BCL2, IFN-γ, 

Cyclophosphamide ESR1, CYP3A4, CSF2, CYP3A5, 
GATA3, SOD2

Leflunomide NOS2, CYP3A4, IL1β, ESR1

Balsalazide PPARγ

Latanoprost ACBC11

Niclosamide: a promising candidate for repur-
posing 

Niclosamide is an anti-helminthic drug with ac-
ceptable safety and efficiency and is being used for 
50years (Hamdoun, 2017). The potent anti-inflam-
matory property of niclosamide targets the STAT3, 
NF-κB, and NFATc-1 signaling paradigm with the 
less toxic indication in several in vitro and preclinical 
research. The static intracellular and molecular net-
work gives pathological signs like hyperproliferation 
and chronic inflammation. This reasonable mechanis-
tic relevancy gave rise to the idea of repositioning the 
niclosamide. It inhibits keratinocyte hyperprolifera-
tion by apoptosis through the loss of mitochondrial 
membrane potential, cell cycle arrest at the Sub G1 
phase, and DNA fragmentation (Thatikonda, 2020). 
In the imiquimod (IMQ)- induced BALB/c mouse 
model, niclosamide persistently lessened the IMQ-in-
duced hyperplasia and inflammation by downregula-
tion of p65, STAT3, NFATc-1, and NF-κB transcrip-
tion factors, including expression of Akt, Ki-67, and 
ICAM-1 proteins. Niclosamidewas also reported in-
ducing apoptosis in keratinocytes.

Bevacizumab as diminutive agent in psoriasis

Anti-VEGF treatment for psoriasis is not much 
developed. VEGF is a well-identified growth factor 
that promotes angiogenesis, one of the pathogenic 
bases for psoriasis. Angiogenesis is involved in the pa-
thology of various disorders such as psoriasis, cancer 
growth, rheumatoid arthritis, and metastasis. Bevaci-
zumab, a humanized monoclonal antibody, is a clini-
cally active antibody against diabetic retinopathy, sev-
eral cancers with anti-VEGF activity (Wilson, 2004; 
Salesi, 2005). Though there is no therapeutic effect of 
bevacizumab in psoriasis, there is a correlation be-
tween disease severity and increased VEGF levels in 
plasma that caused chronic plaque psoriasis (Malho-
tra, 1989). Altering the VEGF levels in plasma could 
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be a promising approach to treat psoriasis (Bhushan, 
2002). Another anti-angiogenic molecule named neo-
vastat (AE-941) that blocks VEGF and matrix metal-
loproteinase is under investigation to treat psoriasis 
(Salesi, 2005; Sauder, 2002). Matrix metalloprotein-
ases play a crucial role in psoriasis pathology. They 
bring about structural changes of the epidermis by 
promoting angiogenesis in the dermal blood vessels 
and immune cell infiltration. During the disease erup-
tion, they might get expressed differentially. Many 
clinical trials have investigated the mitigating effects 
of MMP inhibitors (MMPis) like neovastat, trocade, 
prinomastat, and tanomastat against psoriasis, but the 
majority of published results are not very encourag-
ing. The MMPI’s are reported to produce serious side 
effects like musculoskeletal pain and stiffness or in-
effective. However, newer interest is focused on the 
utility of azasugars and phosphoramides as promising 
MMPis that might prove effective in treating psoriasis 
(Mezentsave, 2014).

Roflumilast- a phosphodiesterase-(PDE)-4 in-
hibitor

PDE-4 regulates the intracellular level of cyclic 
adenosine monophosphate (cAMP). PDE-4 is also a 
mediator of biological response towards extracellular 
provocation in many cells, including immune cells 
(Moustafa & Feldman, 2014). The activity of PDE-4 is 
higher in lesional skin than in normal skin (Pincelli, 
2018). The downregulation of TNF-α, interferon-γ, 
IL-23/IL-17 can be achieved when PDE-4 is inhibited 
(Li, 2018). Apremilast is an oral formulated PDE-4 in-
hibitor that got approval for treating moderate-severe 
plaque psoriasis (Corporation, 2019). PDE-4 inhibi-
tors that can act topically are still not approved to treat 
psoriasis. A daily once cream containing roflumilast, 
a PDE-4 inhibitor, with more water content and a cos-
metic solvent named ethoxydiglycol is under investi-
gation to treat plaque psoriasis. The phase II A trial 
conducted with 89 patients showed a favorable safety 

profile similar to the placebo with reduced severity 
and size of the psoriasis plaques (Lebwohl, 2020).

Genetic targets of psoriasis

Genome-wide association studies (GWAS) give 
a profound insight into the disease and further pos-
sibilities for the cure. The main target of the GWAS 
approach is identifying genetic targets and drugs for 
repurposing.

By exploring the GWAS catalog, 126 psoriasis-as-
sociated genes (PAG) were listed (Table 3). Sixty-eight 
genes obtained from canSAR protein annotation tool 
were found to be druggable. Various bioinformatics 
and proteomics tools were explored to extract and 
create a working list of PAG. The genomic, transcrip-
tomic, proteomic, genetic, clinical, and functional 
annotation of these genes was performed using the 
Human gene database—GeneCards. This includes the 
two powerful tools GeneALaCart and GeneAnalytics. 
GeneALaCart provides methodical and comprehen-
sive information of gene lists achieved from differ-
ential expression, transcriptional regulation, siRNA 
screens, or genome-wide genetic association studies 
(GWAS). In contrast, GeneAnalytics provides gene 
expression analysis and function-based analysis (Sa-
fran, 2010).

Gene ontology (GO) 

It is a typical outline that defines the concepts 
used to describe the gene function, and it also pro-
vides the characterization of genes of a particular 
disease. Information about proteins, biological pro-
cesses, cellular components, molecular procedures, 
pathways, and interactions was determined for each 
PAG from the GeneALaCart meta-analysis tool that 
leads to discovering super-pathways associated with 
psoriasis genes (Harel, 2009). Protein annotation 
describes the sites of interest and localization in the 
protein sequence, such as post-translational modifi-
cations, binding sites, and enzyme action, secondary 
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and tertiary structure of different proteins. Chemog-
enomics analysis provides information on biological 
annotation, chemical screening, expression amplifica-
tion, and 3D structural data (Halling-Brown, 2012). 
The PAG list is subjected to mutational and disorder 
analysis, and  VarElect  is an application used to pri-
oritize the disease/phenotype-dependent gene variant 
(Papp, 2015). 30 genes out of 126 PAG were found to 
have an indirect association with mutational variants. 
Six genes were directly associated with various disor-
ders, and 23 genes were indirectly related to different 
diseases. With the systematic screening of small mol-
ecules against the drug target families, it is possible 
to identify novel drug targets. Sixty-eight psoriasis 
proteins were revealed by the canSAR protein anno-
tation tool that plays a crucial role in executing the 
drug action.

NEW THERAPEUTIC STRATEGIES

Drug repurposing and identifying novel targets 
should have an ideological approach that identifies 
the main loop causing the disease, which sets a central 
target for psoriasis treatment. A clear-cut understand-
ing of essential pathways altered by the therapeutic in-
terventions is also needed for interpreting the disease 
condition. Illuminating the molecular mechanisms of 
disease progression is the first important step for de-
veloping a novel psoriasis treatment strategy. Global 
transcriptomic profiling, omics technology has been 
used to understand the theory of molecular mecha-
nisms associated with disease (Qu, 2012). Investiga-
tion and comparison of lesional skin (LS) to nonle-
sional (NL) skin by transcriptomics studies in patients 
with psoriasis to regular healthy volunteers (Kulski, 
2005; Reischl, 2007; Yao, 2008; Nair, 2009; Swindell, 
2011; Suárez-Fariñas, 2012; Bigler, 2013)gives a brief 
understanding of the main molecular mechanisms 
that are being involved in substitutive treatments 
(Zaba, 2009; Krueger, 2012). Another strategy is to 
evaluate the docile nature of biologics or small mol-

ecules as it is evident that they have a specific target; 
they may intervene in gene targets.

Table 3. Super pathways under the control of psori-
asis genes

Various pathways PAG

 Interleukin 3,5 signalling
DDX58, STAT2, IL23R, 

ELMO1, TSC1, TYK2, IFNLR1, 
PSMA6, CAMK2G

Cytokine signaling IL13, IL23R, IFNLR1

 Interleukin 11 signalling TYK2

Apoptosis IL13, PSMA6, TNIP1, TP63

 TNFR1 signaling ERAP1

The intrinsic pathway of 
apoptosis TP63

Ubiquitin-dependent 
degradation of cyclin PSMA6

 NF-kappa B signalling DDX58, TNFAIP3

Interferon-gamma signalling DDX58, STAT2, TYK2, 
CAMK2G

 Beta signalling STAT2, IL13, RUNX1, TYK2

 ERK signalling
STAT2, IL13, IL23R, NOS2, 
TSC1, TYK2, ETS1, PSMA6, 

CAMK2G

Jak/STAT signalling STAT2, TYK2

 Akt STAT2, IL13, IL23R, TSC1

 Ras signalling TNFAIP3

 CD40 ligand signalling
ELMO1, POLI, REV3L, EXOC2, 

PTRF, TYK2, ETS1, PSM6, 
CAMK2G, PSMA6, SDC4

 Insulin secretion NOS2, EXOC2, TSC1, PSMA6, 
CAMK2G

Endometrial cancer RUNX1

Prostate cancer TSC1

 Influenza A
DDX58, STAT2, IL13, 

TNFAIP3, TYK2, IFIH1, 
POU2F3

 Hepatitis C DDX58, STAT2, TYK2

CONCLUSION

Psoriasis is an absurd, autoimmune, and multi-
factorial chronic inflammatory autoimmune disease 
with unresolved pathogenesis. It has a complex inter-
play between genetic inclinations, immune responses, 
and environmental triggers that play a crucial role in 
disease progression. Though psoriasis has multiple 
treatment options with real progress in controlling 
the disease, it has the limitation of severe side effects 
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and life-long therapy, which makes the patient com-
pliance and adherence to therapy difficult. Psoriasis 
needs persistent treatment with an ideal drug with 
excellent safety, efficacy, and compatibility profiles. 
Though a single drug cannot treat the disease’s com-
plete symptomology and underlying cause, the cur-
rent stepwise approach to psoriasis treatment helps 
manage the disease and improve the lives of psoriatic 
patients. Topical therapy takes care of mild psoriasis, 
while conventional systemic and phototherapies are 
meant for moderate psoriasis. Severe cases are man-
aged with small molecules and biologics. Biologics 
are the major game changers that comprise sizeable 
complex protein molecules such as monoclonal an-
tibodies and receptor fusion proteins which are to 
be administered parenterally, targeting the various 
inflammatory mediators and components of the im-
mune system in the pathogenesis of psoriasis. The se-
lective IL-23 p19 inhibitors have demonstrated very 
high efficacy in clinical trials without any significant 
safety concerns holding a lot of promise. But how 
they perform in the real-clinical setting is a question 
that needs to be extensively analyzed. Presently many 
small molecules for oral and topical use are in various 
stages of development and clinical trials. JAK inhibi-
tors and tyrosine kinase two inhibitors seem to be po-
tentially promising due to their efficacy and favorable 
safety profiles. With multiple arrays of drugs available 
targeting numerous mediators, proteins, genes, en-
zymes, and receptors implicated in the pathogenesis 
of such a complex and multifactorial disease, the cli-
nician’s job to select the effective therapy for a patient 
is becoming more and more challenging. The other 
parameters like the unpredictability of a patient’s re-
sponse to a particular therapy, cost of biologics, and 
socio-economic burden of the disease are the limit-
ing factors due to which there is poor patient compli-
ance. Biosimilars based on established biologics can 
provide a cost-effective solution to psoriatic patients. 
Though systemic biologicals have revolutionized the 
antipsoriatic therapy, the urgent and unmet need for 

easy availability of cost-effective biosimilars, more ef-
fective topical therapies for treating mild to moderate 
psoriasis, early diagnosis and intervention, and use of 
OMICS data for identifying novel targets should be 
the guiding principles and major driving force for fu-
ture research in the field of antipsoriatic therapy.
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SUMMARY

Disorders such as diabetes mellitus, obesity, Parkinson’s, and 
Alzheimer’s diseases are characterized by central metabolic 
dysfunctions and pose an enormous economic burden to public 
health. Annually, several millions of new cases and deaths are reported 
worldwide, thus substantiating the need to search for new frontiers 
in combating the growing prevalence and mortality of these diseases. 
Over the past few years, scientific evidence has consistently shown that 
the functional sweet taste receptor, t1R2+t1R3 heterodimer, serves 
to direct (conduct) peripheral glucose metabolism. Recent data have 
revealed that this heterodimer can also act as a central glucosensor 
that conducts cerebral glucose metabolism. emerging reports have 
confirmed the central role of this receptor as a driver of glucose 
metabolism in neurons and astrocytes. in this paper, “metabolic 
orchestra” is used to depict the organizational complexity of the 
plasma membrane receptor-network involved in coordinating glucose 
transport and metabolism in the astrocyte-neuron circuitry. in light 
of recent works, suggesting that the taste receptor is a crucial central 
glucosensor and master coordinator of glucose metabolism, here, the 
t1R2+t1R3 heterodimer is referred to as the metabolic conductor 
of the astrocyte-neuron circuitry, responsible for a highly coordinated 
signaling of glucose molecules and multi-directional cross-talk with 
other plasma membrane receptors. This concept represents a shift 
on the astrocyte-neuron metabolic machinery from the GlUt-
2 mediated entry of glucose to a more coordinated one, involving 
multiple players at the plasma membrane. Research focusing on the 
treatments of brain disorders involving glucose metabolic dysfunctions 
is also discussed. 

Key Words: t1R2+t1R3; cerebral sweet taste receptor antagonists; 
glucosensors; metabolic conductor; metabolic orchestra; cerebral 
diseases 
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Astrosit-Nöron Metabolik Orkestrasının Şefi

ÖZ

Diabetes mellitus, obezite, Parkinson ve Alzheimer hastalıkları 
gibi bozukluklar, merkezi metabolik işlev bozuklukları ile 
karakterize edilir ve halk sağlığına çok büyük ekonomik yük 
oluşturur. Dünya çapında her yıl milyonlarca yeni vaka ve ölüm 
rapor edilmektedir, bu durum bu hastalıkların artan yaygınlığı ve 
ölüm oranıyla mücadele etmek için yeni çözümler arayışını ortaya 
koymaktadır. son birkaç yıldır bilimsel kanıtlar, tatlı tat almaya 
yardımcı reseptör t1R2+t1R3 heterodimerinin periferal glukoz 
metabolizmasını yönlendirmeye hizmet ettiğini tutarlı bir şekilde 
göstermiştir. son veriler, bu heterodimerin aynı zamanda serebral 
glukoz metabolizmasını gerçekleştiren merkezi bir glukosensör 
görevi gördüğünü ortaya çıkarmıştır. elde edilen bulgular, bu 
reseptörün nöronlarda ve astrositlerde glukoz metabolizmasının 
itici gücü olarak merkezi rolünü doğrulamaktadır. Bu makalede, 
“metabolik orkestra”, astrosit-nöron devrelerinde glukoz taşınmasını 
ve metabolizmasını koordine etmede yer alan plazma membran 
reseptör ağının organizasyonel karmaşıklığını tasvir etmek için 
kullanılmıştır. Bu derleme, son zamanlarda yapılan çalışmaların 
ışığında, tat reseptörünün çok önemli bir merkezi glukosensör ve 
glukoz metabolizmasının ana koordinatörü olduğunu öne sürerek, 
astrosit-nöron devresinin metabolik iletkeni olarak t1R2+t1R3 
heterodimerine atıfta bulunmaktadır; buna göre glukozun hücre 
içine GlUt-2 aracılı girişinden ziyade plazma zarında astrosit-
nöron metabolik mekanizmasını içeren daha koordineli bir giriş 
açıklanmaktadır. Ayrıca, glukoz metabolik disfonksiyonlarını içeren 
beyin bozuklukları için yeni tedavi yolları sağlayabilecek araştırma 
konuları da tartışılmıştır.

Anahtar kelimeler: t1R2 + t1R3; serebral tatlı tat reseptörü 
antagonistleri; glukosensörler; metabolik iletken; metabolik 
orkestra; beyin hastalıkları
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INTRODUCTION
Recent reports strongly indicate that disorders 

such as diabetes mellitus, obesity, Parkinson’s, and 
Alzheimer’s diseases are characterized by dysfunction 
in central metabolism machinery (Cai, 2012; Khatri, 
2013). Though these diseases are complex and mul-
tifactorial (Procaccini, 2016; Guo, 2013), metabolic 
dysfunction is critical to their development, progres-
sion, or complications (Kaidanovich-Beilin, 2012; 
Vercruysse, 2018). Over the past four decades, sta-
tistics have shown a constant increase in the preva-
lence of these central metabolic disorders as several 
millions of new cases are reported annually. Further-
more, these disorders represent a significant cause of 
death and disability in the world (Chin, 2014; Wittch-
en, 2010). They contribute primarily to neurological 
diseases and are associated with an enormous finan-
cial burden (Gustavsson, 2011). Obesity and diabetes 
are independent risks for cardiovascular diseases and 
cancer, with their repercussions constituting a major 
global concern (Abdelaa, 2017; van Dieren, 2010). If 
the trends continue, 20% of the entire world popula-
tion will suffer from obesity by 2030 (Arroyo-Johnson 
& Mincey, 2016). Similarly, the world population of 
diabetes mellitus will increase to 380 million by 2025 
(van Dieren, 2010) or 592 million by 2035 (Forouhi, 
2014). 

Accordingly, the problems posed by these diseases 
to public health, sufferers, caregivers, and their fami-
lies cannot be overemphasized (Lozano, 2012), thus, 
substantiating the need to search for alternative strat-
egies to combat the growing prevalence and mortality 
of these diseases. 

Over the past decade, evidence suggests that the 
functional sweet taste receptor, T1R2+T1R3 heterod-
imer, acts to direct peripheral glucose metabolism 
(Depoortere, 2014). New data have shown that this 
taste heterodimer also directs cerebral glucose metab-
olism (Murovets, 2014, 2015), and recently, reports 
have confirmed the central role of this receptor as a 
driver and coordinator of glucose metabolism in both 
neurons and astrocytes (Benford, 2017; Kohno, 2017). 
The functional taste receptors appear to interact with 

a wide range of membrane receptors to coordinate 
central metabolism (Welcome, 2015; Kochem, 2017). 
In this paper, “metabolic orchestra” is used to depict 
the organizational complexity of the plasma mem-
brane receptor network involved in coordinating glu-
cose transport and metabolism in the astrocyte-neu-
ron circuitry. Pharmacological intervention directed 
on the T1R2+T1R3 heterodimer holds promise to 
address some brain diseases involving dysfunctions 
in central metabolic machinery. 

Similar to macrocosmos, organizational activities 
in the cellular world tend to resemble some physical 
phenomena in nature. A typical example is a similari-
ty between Mandelbrot fractals and cellular processes 
occurring in neurons and muscle cells (Goldberger, 
1990). Another intriguing example is the orchestra, a 
large group of an instrumental ensemble of musicians 
playing a variety of different instruments (Westrup, 
2001; Ford, 2003). A particular feature of the orches-
tral organization is a generally accepted hierarchy: 
every instrumental section has a principal whose re-
sponsibility is to lead the group. The principal com-
mander in the orchestra is the conductor, who directs 
group masters (Lim, 2014; Dobson, 2013). This orga-
nizational pattern and actions at the orchestra may be 
compared with activities occurring in the metabolic 
arena. 

The “metabolic orchestra” of the astrocyte-neu-
ron circuitry comprises a plethora of signaling mol-
ecules that interact to constantly evaluate, regulate 
and synthesize energy and other molecules in accor-
dance with the physiological needs of the organism. 
Hormones, neurotransmitters, and other molecules, 
including the metabolic substances themselves (Wel-
come, 2015), control this metabolic process. Thus, 
the “metabolic orchestra” of the astrocyte-neuron cir-
cuitry is critical for the brain to process all types of 
information, including cognitive processes. Specific 
receptors appear to play a pivotal role in metabolic 
processes; In the central nervous system, for instance, 
specific plasma membrane receptors regulate the in-
flux of metabolites to maintain an adequate level of 
energy substrates needed for cellular processes (Wel-
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come, 2015; Welcome, 2018). Glucose is the most 
important energy substrate for cerebral functioning 
(Welcome, 2014). The utilization of glucose by the 
brain has traditionally been explained with models 
or theories. The generally accepted models of cerebral 
glucose metabolism are the astrocyte-neuron lactate 
shuttle (ANLS) (Pellerin, 1994) and the glucosensor 
(Burdakov, 2005) hypotheses. The ANLS hypothesis 
posits that metabolic coupling between neurons and 
astrocytes is maintained by astrocyte-generated lac-
tate, which is transported out through astrocyte types 
1 and 4 monocarboxylate transporters (MCT1 and 
MCT4) into neurons through MCT2. This process is 
closely regulated by the glutamate-glutamine cycle. 
Lactate molecules in neurons are further metabolized 
in the Krebs, or tricarboxylic acid (TCA) cycle to pro-
duce energy (ATP) and other biomolecules to main-
tain neuronal activity (Kasischke, 2009; Hubbard 
& Binder 2016). The ANLS was the most accepted 
hypothesis of cerebral glucose metabolism until re-
cently, independent groups of researchers across the 
globe have revealed a critical role of the glucosensor 
model in explaining the mechanisms of cerebral glu-
cose regulation in health and disease (Welcome, 2015; 
Murovets, 2015; Benford, 2017). This conceptual shift 
was mainly due to the shortcomings of the ANLS hy-
pothesis (Dienel, 2017a). Though the ANLS has been 
modified over the years to account for recent devel-
opment in brain metabolism (Pellerin, 2007; Genc, 
2011), there is a need for further revision or investi-
gation that can ultimately lead to the discovery of an 
all-encompassing model of cerebral glucose metabo-
lism to account for recent findings in the literature. 

The latest evidence suggests that sweet taste re-
ceptors functioning as neuronal and astrocyte glu-
cosensors play a considerable role in controlling glu-
cose metabolism in the brain (Benford, 2017; Kohno, 
2017). Indeed preliminary results of studies conduct-
ed in animals have shown that impairment in sweet 
taste receptor signaling is associated with glucose 
metabolic disorder (Murovets, 2014, 2015). Sweet 
taste receptors can be defined as transmembrane 
proteins involved in the sensing, coding, and relay 

of information from “sweet” molecules downstream 
several acceptors to modulate cell metabolism and ac-
tivity. These taste receptors are classified as group 1 
taste receptors, having three subtypes – T1R1, T1R2, 
and T1R3 (Welcome, 2015). However, functional 
sweet taste receptor occurs as T1R2+T1R3 heterodi-
mer (vide supra). This functional receptor is activated 
by an abundance of ligands, which include monosac-
charides (e.g., glucose, fructose), disaccharides (e.g., 
maltose, lactose, and sucrose), amino acids (e.g., ala-
nine, glycine, D-histidine, D-tryptophan), sweet pro-
teins (e.g., neoculin, monellin, thaumatin, neotame, 
aspartame), among others (Welcome, 2015; Ahmad, 
2020). In contrast, type 2 taste receptors recognize 
bitter or potentially poisonous substances such as al-
kaloids, acids, and toxins (Meyerhof, 2010; Lu, 2017). 

In light of accumulating pieces of evidences sug-
gesting that sweet taste receptors are the master co-
ordinator of glucose metabolism in the brain (Ren, 
2009; Murovets, 2014, 2015; Welcome, 2015; Kohno, 
2016; Kohno, 2017), and experimental data showing 
a crucial role of these receptors in glucosensing (Ren, 
2009; Benford, 2017; Martin, 2017),  the T1R2+T1R3 
heterodimer is referred to as a metabolic conductor 
of the astrocyte-neuron circuitry, responsible for 
cross-talks with other plasma membrane receptors in 
the “metabolic orchestra”. This concept represents a 
critical shift in views on the astrocyte-neuron meta-
bolic machinery from the GLUT-2 mediated entry of 
glucose to a more coordinated entry involving mul-
tiple players at the plasma membrane. This review 
also discusses potential research directions that may 
yield new therapeutic modalities for brain disorders 
involving metabolic dysregulation such as diabetes 
mellitus, obesity, and Alzheimer’s disease.  

Cerebral Glucose Metabolism 
Brain functions depend predominately on the in-

flux, transport, and metabolism of glucose by astro-
cytes and neurons (Welcome, 2015; Welcome, 2014). 
Despite its small mass (i.e., only 2% of the total body 
mass), the brain dissipates roughly 75% (i.e., 120g) 
of the daily needs of the body under normal resting 



112

Welcome

state. This high rate of cerebral metabolic needs is 
primarily determined by the rate of cerebral informa-
tion processing, controlled by neuro-hormones and 
transmitters (Supplie, 2017; Foo, 2012). Nevertheless, 
the capacity of the brain for the storage of energy sub-
strates is abysmally low. Under normal circumstanc-
es, glucose is readily delivered to the brain. However, 
during fasting, the brain maintains a high demand for 
glucose; peripheral tissues switch to use non-carbo-
hydrate sources for fuel. Furthermore, the brain can 
also use ketone bodies for energy during prolonged 
fasting. This property of the brain is required to en-
sure adequate maintenance of neuronal activity (Pe-
ters 2004; Attwell, 2004). In the following sections, 
the models of cerebral glucose metabolism essential 
to this review will be discussed; compelling evidence 
about the overwhelming role of T1R2+T1R3 as the 
conductor of astrocyte-neuron metabolic circuit will 
also be provided. 

ANLS model of cerebral glucose metabolism  
Pellerin & Magistretti (1994) are pioneers that de-

veloped the initial concept about the ANLS hypothe-
sis. The major tenets of this model posit that neuronal 
metabolism is dependent primarily on astrocyte-gen-
erated lactate via glycolysis following stimulation by 
synaptically secreted glutamate (Figure 1). Some glu-
tamate molecules activate the postsynaptic neuron, 
while the remaining diffuse into the astroglia through 
excitatory amino acid transporter-1, also known as 
sodium-dependent glutamate aspartate transporter-1 
(GLAST-1) with a corresponding influx of sodium 
ions. This change in the stoichiometry of cytosolic 
ions activates the astrocyte Na+/K+ ATPase, which 
mediates a resultant shift in potential of the astrocyte 
membrane (Kasischke, 2009). The release of neuronal 
glutamate and activity of the astrocyte Na+/K+ ATPase 
is dependent on neuronal activity (Burdakov, 2005) 
and define the degree of metabolic activity in astro-
cytes leading to the production of ATP, lactate, and 
other molecules that maintain information process-
ing in astrocytes and neurons (Pellerin, 1994; Burda-
kov, 2005; Kasischke, 2009; Hubbard, 2016).

Lactate produced by astrocytes is moved into neu-

rons and incorporated into the TCA cycle for further 
metabolic reactions that ultimately release more fuel, 
transmitters, and other substances to maintain neu-
ronal activities (Figure 1) (Kasischke, 2009; Hubbard, 
2016). Though lactate is believed to be primarily pro-
duced in astrocytes (Magistretti, 2018), it can be trans-
ported from the circulation into these stellate-shaped 
glia, from where it may be released into the extracel-
lular space (Kasischke, 2009) via gap junction con-
nexins and diffuses to neighboring cells (Hertz, 2014). 
Thus, these glial cells form a vital nexus that couple 
cerebral endothelial glucose uptake to neuronal me-
tabolism that ensures a continuous functioning of the 
brain (Kasischke, 2009; Hubbard, 2016). Neuronal ex-
pression of lactate dehydrogenase isoforms supports 
the ANLS hypothesis (Pellerin, 1994). 

Glutamate-glutamine cycling is critical in cere-
bral glucose metabolism 

Disorders in glutamate-glutamine cycling have 
been implicated in several central nervous system 
diseases that also display astrocyte-neuron metabolic 
impairment (Behrens, 2002; Bak, 2011). Interestingly, 
glutamate is a principal excitatory neurotransmitter 
in the central nervous system and is also produced in 
the Krebs cycle and recycled between astrocytes and 
neurons (Petroff, 2007). Upon release of glutamate by 
neurons, it is readily transported into astrocytes and 
converted to glutamine by ferredoxin-dependent glu-
tamine oxoglutarate aminotransferase-1, also known 
as glutamine synthase-1. The conversion product of 
the reaction is also readily released through the sodi-
um-coupled neutral amino acid transporter, SNAT3, 
depending on the concentration of astrocyte glu-
tamate. SNAT1 and SNAT2 move the released glu-
tamine into neurons from the extracellular space. 
SNATs readily cotransport one molecule of glutamine 
together with one sodium ion while moving one pro-
ton in the reverse direction (Bhutia & Ganapathy, 
2016; Rubio-Aliaga & Wagner, 2016). Once in the cy-
tosol of neuronal cells, glutamine undergoes a chemi-
cal reaction mediated by glutaminase to produce am-
monia and glutamate (Petroff, 2007). 
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Figure 1. Schematic representation of the main tenets of the ANLS (astrocyte-neuron lactate shuttle) hy-
pothesis. The influx of glucose into the brain from the circulation occurs via the glucose transporter (GLUT1) 

and is metabolized via glycolysis. Metabolism of one molecule of glucose in the cytosol produces four mol-
ecules of ATP and two molecules of NADH and two molecules of lactate. However, this metabolic pathway 
uses up two molecules of ATP and one molecule of NADH (Pellerin & Magistretti, 1994; Burdakov, 2005). 

Lactate is exported out of the cell via the monocarboxylate transporters (MCTs; they function as proton-cou-
pled transporters of lactate, ketone bodies, and pyruvate). The astrocyte-derived lactate is exported via MCT4 
and MCT1, diffuses into neurons via MCT2 (MCT1 is also expressed in endothelial and other glial cells) (Ka-
sischke, 2009; Hubbard & Binder, 2016). Neuronal activity initiates glutamate release by neurons. This excit-

atory neurotransmitter diffuses to the postsynaptic neuron, activating the postsynaptic mGluR (metabotropic 
glutamate receptors), and also, into astrocytes via the EAAT (excitatory amino acid transporter). Glutamate 

in the astrocyte is converted by glutamine synthetase (GS) to glutamine. Finally, glutamine is transported into 
neuronal cells, and subsequently converted by glutaminase (GLS) to glutamate.
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However, imported glucose into astrocyte from 
the blood-brain barrier through GLUT1 facilitated 
diffusion (Figure 1) may be stored as glycogen, a tem-
porary energy depot that is depleted instantly upon 
stimulation of cerebral activity (Kasischke, 2009; 
Hubbard, 2016; Rao, 2006). Indeed, scientific exper-
iment has demonstrated appreciable expression of the 
enzymes, glycogen synthase and glycogen phosphor-
ylase, in astrocytes, suggesting an indispensable role 
of these glial cells in cerebral gluconeogenesis (Wi-
esinger, 1997). 

  Nonetheless, glutamate decarboxylase can me-
diate the conversion of neuronal glutamate to gam-
ma-aminobutyric acid (GABA). But glutamate may 
be released into the synaptic cleft upon glutamatergic 
stimulation (Petroff, 2007). Importantly, data indicate 
that glutamatergic stimulation of astrocyte metabo-
lism is associated with increased lactate production 
via the action of lactate dehydrogenase on pyruvate, 
generated from glucose metabolism (Magistretti & 
Allaman, 2018). 

Shortcomings of the ANLS hypothesis
Though the ANLS model essentially improved 

our knowledge of cerebral glucose metabolic func-
tions, it failed to account for new experimental data 
that showed non-reliance of neurons on astrocyte-de-
rived lactate (Dienel, 2017a; Lundgaard, 2015; Pa-
tel, 2014). Accumulating data indicate that neurons 
display relatively high uptake (from the blood-brain 
barrier) and glucose metabolism in both resting and 
stimulated states (Patel, 2014; Bartlett, 1987; Díaz-
García & Yellen, 2019). In the stimulated state, how-
ever, an increase in cerebral function is dependent 
on the increase in cerebral blood flow (Díaz-García 
& Yellen, 2019). Interestingly, Patel (2014) established 
that not astrocyte-generated lactate is responsible 
for powering neuronal energy needs, but pyruvate 
derived from neuronal glucose metabolism. Indeed, 
proponents of the ANLS model in a relatively recent 
publication argued that the hypothesis does not ex-
clude direct neuronal uptake of glucose (Magistretti 
& Allaman, 2018). Direct neuronal uptake of glucose 

has also been demonstrated by Kong et al. (2017) and 
further discussed by Díaz-García & Yellen (2019) and 
DiNuzzo (2010), who opined that the differences in 
carbon-substrate utilization by astrocytes and neu-
rons might be explained at the level of glucose uptake 
by different brain cells, not necessarily lactate shuttle. 
Contrary to the preferential astrocyte uptake of glu-
cose postulated in the original hypothesis (Pellerin & 
Magistretti, 1994), Lundgaard et al. (2015) demon-
strated in awake-active experimental rodents that 
preferential transport of glucose occurs in neurons, 
not astrocytes as previously reported. Notably, the 
glycolytic enzyme, hexokinase, which is involved in 
the catalysis of the first step of glucose metabolism, 
is richly expressed in neurons than in astrocytes, 
suggesting that neurons may not even need astro-
cyte-generated lactate to power their energy require-
ments (Lundgaard, 2015). This, indeed, indicates that 
neurons may even exhibit a higher rate of glycolysis 
than the stellate-shaped glial cells (Lundgaard, 2015). 

In conflict with one of the central tenets of the 
ANLS model,  assuming that lactate derived from as-
trocytes is the primary substrate that feeds neurons 
(Pellerin & Magistretti, 1994; Magistretti & Allaman, 
2018), independent groups of researchers have shown 
that neurons can produce their lactate from glucose 
and that astrocyte-generated lactate is not a prereq-
uisite for neuronal metabolic processes. So, Dienel 
(2017b) showed that shuttling of lactate from astrog-
lial cells to neurons does not make a substantial con-
tribution to neuronal energetics. 

It was thought that gluconeogenesis exclusively 
occurs in astrocytes due to their expression of glyco-
gen synthase and glycogen phosphorylase; nonethe-
less, evidence has shown that neurons also express 
these enzymes, which are required for the metabolism 
of glycogen (Saez, 2014; Pfeiffer-Guglielmi, 2014). 
Though the neuronal forms of the glycogen metabolic 
enzymes may not be very active under physiological 
conditions, they remain essential in hypoxia and oth-
er abnormal conditions, including neurodegenerative 
disorders (Pfeiffer-Guglielmi, 2014; Duran, 2012). 
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Inconsistent with previous belief that cleavage of as-
trocyte glycogen produces lactate, Dienel and Cruz 
(2004) demonstrated that stimulation of cerebral ac-
tivity leads to utilization of glycogen cleavage prod-
ucts by astrocytes themselves, not neurons, thereby 
challenging the ANLS hypothesis (Pellerin, 1994; 
Magistretti, 2018). To resolve this controversy, Man-
gia et al. (2009), using functional magnetic resonance 
spectroscopy, revealed the existence of both ANLS 
and neuron-to-astrocyte lactate shuttle (NALS). Sur-
prisingly, however, it was shown that ANLS was only 
possible if the transport capacity of astrocyte glucose 
increased by 12 times in the presence of neuronal 
non-responsiveness to stimulation with a raised gly-
colytic activity (Mangia, 2009). The latter process is 
unlikely, suggesting that only one process may favor-
ably occur. There is, therefore, need to address these 
inconsistencies in data reported by different authors. 
Indeed, Supplie et al. (2017) reported that astrocytes 
and neurons exchange energy-rich metabolites. 

Interestingly, whether astrocyte- or neuron-de-
rived, lactate has been shown to play a critical role 
in memory formation. For instance, experimental 
data have demonstrated that deletion of the astrocyte 
MCT1 and MCT4 or neuronal MCT2 leads to am-
nesia. This indicates that lactate import into neurons 
is essential for neuronal functions, and in particular 
long-term memory formation. Suzuki et al. (2011) 
suggested that astrocyte glycogenolysis is crucial for 
induction of molecular signaling cascades associat-
ed with memory consolidation through activation 
of CREB (cAMP response element-binding protein), 
Arc, and cofilin. Likewise, Newman et al. (2011) 
showed that lactate in the brain is important for 
memory consolidation. Similar data are reported else-
where (Kong, 2017). More recently, neuronal lactate 
has been implicated in the induction of neurogenesis 
(Lev-Vachnish, 2019). 

Hall and coworkers (2012) also reported data op-
posing the ANLS model. The authors showed that 
oxidative phosphorylation, not shuttling of astro-
cyte-generated lactate, constitutes the principal mech-
anism that feeds neurons with energy molecules. As 

previously noted in the ANLS model, Na+/K+ ATPase 
consumes a substantial proportion of the energy pro-
duced by biochemical reactions in the brain (Pellerin 
& Magistretti, 1994; Kasischke, 2009). This finding 
has been confirmed by several authors, including Foo 
et al. (2012), who further noted that ATP utilization 
by neurons in addition to the Na+/K+ ATPase activity 
depends on NMDA (N-methyl-D-aspartate) recep-
tor activity, and not necessarily on neuronal activity. 
These views have been confirmed in cerebral patholo-
gy such as cerebral stroke, in which depletion of neu-
ronal energy molecules is associated with excessive 
secretion of glutamate. This transmitter activates the 
NMDA receptor (Foo, 2012). 

Undoubtedly, glutamate activates glucose trans-
port in astrocytes. But the transmitter also inhibits 
glucose transport in neurons through AMPA (α-ami-
no-3-hydroxy-5-methyl-4-isoxazole propionic acid) 
receptor-mediated sodium entry. Thus, upon stimula-
tion of glutamatergic synapses, neuronal cells should 
have decreased glucose availability, while astrocytes 
should have increased the quantity of glucose (Porras, 
2004). Nevertheless, data regarding astrocyte-neuron 
glucose metabolism suggest that this is usually not the 
case (Hall, 2012; Dienel, 2017b; Lundgaard, 2015). 

Again, the ANLS model did not consider lactate 
transport through the blood-brain barrier to brain 
cells via MCT1. To this end, data have revealed that a 
rise in brain lactate level can stimulate astrocyte gly-
colytic and glycogenolytic pathways, suggesting that 
lactate is actively taken up by astrocytes for energy 
metabolism (Petroff, 2007). In addition, the ANLS 
model is energetically unfavorable for astrocytes in 
the long term. However, since astrocytes are relatively 
resilient to hypoxia, they tend to maintain neuronal 
survival during condition of inadequate oxygen and 
glucose supply (Genc, 2011). These data strongly con-
tradict the ANLS; thus a redefinition of the model is 
crucial. 

Glucosensor model of cerebral glucose metab-
olism  

Identification of neurons and astrocytes that act 
as glucosensors was demonstrated in the 1980s (Kow, 
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1985; Mizuno, 1984). Glucosensors can be catego-
rized as the plasma membrane and intracellular glu-
cosensors. Over the past decades, several researchers 
have revealed an essential role of multiple players in 
regulating the astrocyte-neuron glucose metabolic 
circuitry (Kyriazis, 2012; Welcome, 2015). These cen-
tral glucosensors are discussed below. 

Plasma membrane glucosensors of the brain 
Plasma membrane glucosensors are those glu-

cosensors expressed on the membrane of neurons, 
astrocytes (Burdakov, 2005), and the choroid plexus 
epithelial and ependymal cells (Chiba, 2020; Duar-
te, 2020). The expression of plasma membrane glu-
cosensors confers these cells the ability to integrate 
multiple signals from different sources (Roh, 2016; 
Marty, 2007). The neuronal glucosensors of the plas-
ma membrane are GLUT2 (Shah, 2012; Koekkoek, 
2017), sodium-glucose cotransporter (SGLT) type 
3, and Kir6.2 subunit of the ATP-dependent potas-
sium (K-ATP) channel (Kang, 2004). Astrocytes ex-
press glucosensors GLUT2 and Kir6.1 subunit of the 
K-ATP channel (Shah, 2012; García, 2003). Finally, 
the choroid plexus epithelial and ependymal cells ex-
press GLUT2 (Chiba, 2020). The latest member of the 

plasma membrane glucosensors, sweet taste receptor 
heterodimer, is expressed in neurons, astrocytes, and 
choroid plexus epithelial cells (Duarte, 2020). This 
review is mainly concerned with neuronal and astro-
cyte taste receptors due to the frequent involvement 
of these cells in brain pathologies. The glucosensors 
have been implicated in a couple of diseases involving 
cerebral metabolic impairment. Interestingly, defects 
in plasma membrane glucosensors of the brainstem 
and hypothalamus, primarily the sweet taste recep-
tors and GLUT2, are believed to play an integral role 
in the pathogenesis of Alzheimer’s disease, diabetes 
mellitus, and obesity, among others (Dienel & Cruz, 
2004; Shah, 2012). Bady and colleagues also report-
ed impaired feeding behavior in laboratory animals 
with GLUT2 deficiency (Bady, 2006), suggesting that 
this membrane glucosensor may drive behavioral dis-
orders associated with obesity, bulimia nervosa, an-
orexia, and even schizophrenia (Jouroukhin, 2018). 
Whether or not cerebral glucose metabolic impair-
ment constitutes an underlying mechanism involved 
in the development of neurodegenerative diseases re-
mains a contemporary subject of discussion (Kamat, 
2016; De la Monte, 2018). 

Figure 2. Interaction between intracellular metabolic sensors and membrane glucosensors (see explanation in text).

Intracellular glucosensors
Pieces of evidence strongly indicate that molecules 

such as sirtuins, mTOR (Mechanistic or Mammalian 
Target of Rapamycin), AMPK (AMP activated pro-
tein kinase), Per‐Arnt‐Sim kinase (PASKIN, PSK or 
PASK), and glucokinase (hexokinase IV) function as 

intracellular metabolic (glucose) sensors in neurons 
and astrocytes. To effectively regulate the glucose me-
tabolism in the brain, these intracellular glucosensors 
interact amongst themselves and also with the mem-
brane glucosensors (Figure 2) (Shah, 2012; Koekkoek, 
2017; García, 2003). 
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Glucosensors can mediate glucose transport and 
metabolism through circulating neurotransmitter 
levels 

Glucose transport and metabolism are mediated 
by the glucosensor-neurons of the hypothalamus and 
brainstem (Koekkoek, 2017; Burdakov, 2005), nucle-
us accumbens, and amygdala (Burdakov, 2005). The 
glucose-inhibited cells sense a reduction in extra-
cellular glucose level via a decrease in cytosolic Ca2+ 
oscillations as glucose level increases from 0.1 to 5 
mmol/L (Kang, 2004; García, 2003). However, some 
glucose-inhibited neurons can sense a higher glu-
cose concentration – above 5 mmol/L (García, 2003). 
The glucose-excited neurons increase intracellular 
Ca2+ oscillations as glucose level rises from 0.5 to 2.5 
mmol/L. These neurons can respond to extracellular 
levels of not only metabolic substrates (glucose, lac-
tate, ketone bodies) but also insulin, leptin, and other 
neurotransmitters (Koekkoek, 2017). 

The glucosensor-neurons are called neuropeptide 
Y (NPY)/Agouti-related protein (AgRP) or proopi-
omelanocortin (POMC) neurons, depending on the 
most abundant neurotransmitter. These neurons, 
which are either glucose-inhibited or glucose-excited, 
also express the intracellular and plasma membrane 
glucosensors, and regulate energy expenditure as well 
as feeding behavior (Fioramonti, 2007; De Morentin, 
2011). The POMC glucosensing neurons are known 
to dampen appetite, and thus, are anorexigenic or 
glucose excited. The NPY/AgRP neurons, on the oth-
er hand, promote appetite, and therefore, are called 
orexigenic or glucose inhibited (Burdakov, 2005; Ess-
ner, 2017). AgRP/NPY and POMC neurons of the hy-
pothalamic arcuate nucleus, the primary energy-sens-
ing brain region, comprise the melanocortin system. 
This system is essential for maintaining energy bal-
ance and feeding behavior (Belgardt, 2009). POMC 
neurons also produce α-melantropin, also known as 
α-melanocyte-stimulating hormone (α-MSH). The 
glucosensors of the POMC neurons detect an increase 
in extracellular glucose, which subsequently leads to 
an increase in membrane depolarization. This change 
in membrane potential may translate to the release of 

neurotransmitters or neuropeptides. Corresponding-
ly, α-MSH is secreted in POMC neurons in response 
to membrane depolarization. The released α-MSH 
stimulates melanocortin-4 receptors (MCR4) located 
on the membrane of neighboring neurons to mediate 
a couple of physiological processes. MCR4 activation 
by α-MSH can culminate in reduced food ingestion 
and increased energy expenditure (Belgardt, 2009). 
The NPY/AgRP neurons inhibit the stimulation of 
MC4R by α-melantropin (Belgardt, 2009). 

Multiple lines of evidence indicate a critical role of 
AMPK, mTOR, sirtuins, PASK, and glucokinase in in-
tracellular glucosensing (Shah, 2012; Koekkoek, 2017; 
García, 2003). However, the precise molecular mech-
anisms of glucosensing by these intracellular molec-
ular sensors are not precisely understood. Though, 
specific subunits may be responsive (i.e., activated) or 
inhibited by certain levels of intracellular glucose, the 
precise molecular machinery of the neuronal and as-
trocyte cytosol that controls glucose metabolic activ-
ity of the cell with regards to AMPK, mTOR, sirtuins, 
PASK, and glucokinase are yet to be well defined. It 
is, therefore, necessary to investigate mechanisms of 
glucose-induced activation and inhibition of the in-
tracellular glucosensors. 

T1R2+T1R3 receptor as an integral sensor and 
regulator of cerebral glucose metabolism

Ren et al. (2009) are credited for discovering sweet 
taste receptors (including the functional receptor – 
T1R2+T1R3 heterodimer) as sensors of glucose level 
in the hypothalamus. Interestingly, the researchers 
found functional sweet taste receptors and their cor-
responding genes in the neurons of the cortex, dentate 
gyrus, and CA area of the hippocampus (Ren, 2009). 
Notably, research data have shown considerable in-
crease in the expression of sweet taste receptor sub-
types following food deprivation, suggesting a pos-
sible compensatory mechanism required to increase 
glucosensing for brain activities upon reduction in 
energy molecules (Ren, 2009). Correspondingly, a 
reduction in hypothalamic level of extracellular glu-
cose was associated with an increased expression of 
T1R2, which normalized following glucose adminis-



118

Welcome

tration (Ren, 2009). Other authors have demonstrated 
the presence of sweet taste receptors in hypothalamic 
arcuate nucleus, which is a primary brain region, con-
cerned with energy, in particular glucose homeostasis 
(Kohno, 2016; Benford, 2017).  

Kohno et al. (2016) later showed that sweet taste 
receptor responses to glucose in the hypothalamus 
occur in leptin-responsive neurons of the arcuate 
nucleus. Taste receptors of the hypothalamus are not 
only involved in glucose sensing but also cephalic 
phase responses during food ingestion. Interestingly, 
an animal study of T1R2+T1R3 receptors revealed 
that cephalic phase responses are associated with 
insulin release and improved glucose metabolism. 
While peripheral tissue taste responses were not al-
tered in T1R2+T1R3 receptor defect, central taste re-
sponses of T1R2+T1R3 receptor showed significant 
alteration (Glendinning, 2015), indicating that stimu-
lation of taste receptors of the brain can be harnessed 
for possible treatment of diseases involving impaired 
insulin secretion and signaling (Glendinning, 2015). 
This result also indicates strong cooperativity be-
tween T1R2+T1R3 and GLUT2 or other glucosen-
sors (Figure 2). This association may be due to the 
stimulation of downstream effectors that regulate the 
transport activity and expression of SGLT3 or GLUT2 

glucosensors. The cooperativity of T1R2+T1R3 and 
traditional transporters involved in glucose absorp-
tion has been reported in the gastrointestinal tract 
(Margolskee, 2002). Sweet taste receptor-expressing 
cells have been shown to selectively express different 
glucosensors, including Kir 6.1 subunit of the K-ATP 
channel, SGLT3, and GLUT2 (Yee, 2011). An increase 
in the number of sweeteners in meals has been associ-
ated with greater metabolic responses, indicating that 
stimulation of taste receptors may be an important 
mechanism underpinning the relationship between 
nutrient sensing and metabolism. To this end, bev-
erages loaded with sweeteners have been shown to 
influence physiological responses that accompany 
carbohydrate meals (Veldhuizen, 2017). Chan, (2017) 
revealed that activation of sweet taste receptors by 
ingested non-nutritive, no-calorie sweeteners was 
accompanied by stimulation of glucose transport, in-
cretin, and insulin secretion, with a resultant positive 
effect on glucose metabolism. Indeed, Murovets et al. 
(2015) previously noted that defect in T1R3 was asso-
ciated with impairment of glucose clearance in mice. 
The authors also demonstrated the incretin effect ac-
companied by activation of extra-oral sweet taste re-
ceptors in the pancreas and brain. 
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Figure 3. Schema of contemporary understanding of astrocyte-neuron metabolic coupling. The influx of glucose 
molecules into astrocytes and neurons occurs via the GLUcose Transporters termed GLUTs. The glucose molecules 

stimulate a range of membrane glucose sensors, including T1R2+T1R3, GLUT2, and SGLT3. These receptors cooperate 
to regulate glucose transport and metabolism. Depending on the rate of energy demand, astrocyte glucose is stored as 

glycogen or metabolized to generate ATP and other molecules (Welcome, 2015; Glendinning, 2015; Yee, 2011; Hamano, 
2015). Products of metabolism (e.g., lactate, ATP), and glucose molecules that escape the metabolic pathways are trans-

ported through transporters, connexons, or hemichannels to the extracellular milieu (Welcome, 2015; Glendinning, 
2015). Stimulation of T1R2+T1R3 by glucose in both astrocytes and neurons triggers downstream signaling mediated 

by the dissociated α-subunit gustducin and βγ subunits of T1R2+T1R3 following the exchange of GDP for GTP. α-gust-
ducin then stimulates adenylate cyclase, which produces cAMP from ATP. However, α-gustducin can also stimulate 

phosphodiesterase (PDE) – an enzyme that causes a decrease in cytosolic levels of cAMP. The cAMP can activate sever-
al intracellular acceptors and membrane receptors via a cAMP-dependent pathway (Welcome, 2015). The βγ subunits 

mediate the formation of 1,4,5-inositol trisphosphate (IP3) through activation of phospholipase Cβ (PLCβ). IP3 signals 
downstream activating diacylglycerol (DAG), which then stimulates protein kinase C (PKC) to cause substantial chang-
es in phosphorylation of a couple of intracellular proteins. IP3 can also stimulate the IP3 receptors of the endoplasmic 
reticulum, which causes the release of Ca2+ into the cytosol. Elevation of cytosolic Ca2+ stimulates some enzymes and 
receptors, including calcium-dependent kinases, and monovalent selective cation channel (TRPM5) (Zhou, 2018). El-
evated cytosolic Ca2+ levels can also trigger the release of ATP by P2Y1 receptors. Ca2+-dependent ATP release may be 
mediated by the voltage-gated ion channel, calcium homeostasis modulator 1, implicated in ATP secretion in taste-re-
sponsive cells. Numerous peptides are also secreted in the process of T1R2+T1R3 activation. T1R2+T1R3 heterodimer 

signaling can stimulate the transcription factors that regulate gene transcription and protein expression (Welcome, 
2015; Glendinning, 2015; Yee, 2011; Hamano, 2015).
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Certain factors may affect the signaling of sweet 
taste receptors. For example, ageing worsens T1R3 
receptor-mediated regulation of glucose homeostasis. 
This clearly shows that the sweet taste receptor is a 
candidate glucosensor, controlling extra-oral glucose 
metabolism, and that aging can predispose an indi-
vidual to diseases related to glucose dyshomeostasis 
(Murovets, 2015). Indeed, accumulating reports have 
revealed that age-related neurodegenerative disor-
ders, including Alzheimer’s and Parkinson diseases, 
are linked to brain glucose metabolic disorders (Cai, 
2012; Dunn, 2014; Blum-Degen, 1995). Recent re-
search has also shown that dysfunctions in sweet taste 
signaling (downregulation of taste signaling compo-
nents – TRPM5, α-gustducin, and PLCβ2) may lead 
to an abnormal increase in glucose level, which can, 
in turn, lead to elevated intracellular reactive oxygen 
species, decreased Ca2+ level and subsequent activa-
tion of inflammatory pathways (Zhou, 2018) (See 
Figure 3 for mechanisms of taste receptor signaling). 
The molecular networks that connect sweet taste re-
ceptor signaling to immunity may be an essential 
mechanism that also links sweet taste receptors with 
neurodegenerative and other inflammatory disorders, 
including diabetes mellitus (Zhou, 2018). Interesting-
ly, accumulating reports have revealed that neurode-
generative disorders such as Alzheimer’s, Parkinson 
and Huntington’s diseases are associated with cere-
bral glucose metabolic dysfunction (Cai, 2012; Dunn, 
2014; Blum-Degen, 1995). Thus, further research may 
yield potential therapeutic options for neurodegener-
ative diseases and diabetic complications. 

Interaction of T1R2+T1R3 with other plasma 
membrane receptors or nodal signaling units: The 
astrocyte-neuron “metabolic orchestra”

Sweet taste receptors can cooperatively bind mul-

tiple molecules, mediating signals by other receptors 
(Welcome, 2015; Sivakumar and Bharathy, 2012) as 
these taste receptors are pleiotropic. This property 
is due to their multi-substrate affinity and summa-
rized in Figure 4 Consequently, they are involved in 
the control of peripheral and central metabolism as 
well as other cellular activities. Several lines of evi-
dence have suggested multiple interactions between 
membrane receptors resulting in either negative or 
positive cooperativity (Welcome, 2015; Urizar, 2005). 
The wide range of cellular signaling activities mediat-
ed by sweet taste receptors indicates possible cooper-
ation with other membrane receptors, including the 
plasma membrane glucosensors. Research has shown 
that such interactions occur between several plasma 
membrane receptors and membrane glucosensors, in-
cluding GLUT2 and SGLT3 (Welcome, 2015). 

The incretin effect, secretion of hormones, and 
neurotransmitters occur due to activation of the cor-
responding membrane receptor signaling pathways 
of the hormone or neurotransmitter by downstream 
sweet taste receptor signaling that subsequently cul-
minate in the mobilization of secretory vesicles to the 
plasma membrane for exocytosis (Kyriazis, 2012). 
This process occurs via cross-talk (Welcome, 2015) 
between sweet taste receptors and other glucosensors, 
as well as plasma membrane receptors associated with 
the astrocyte-neuron metabolic machinery (Figure 4). 
Receptor oligomerization and heterodimerization, as 
well as mosaic formation, are possible ways by which 
sweet taste receptors can cooperatively interact with 
a range of plasma membrane receptors to mediate 
physiological processes (Kuhn, 2010; Lee, 2015). For 
instance, functioning as immune custocytes, sweet 
taste receptor-expressing cells have also been shown 
to cooperate with bitter taste receptors (Lee, 2015). 
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CONCLUSION  

The T1R2+T1R3 heterodimer is the director of 
glucose transport and metabolism not only in the 
periphery but also in the brain. This functional sweet 
taste receptor coordinates glucose transport and me-
tabolism in both neurons and astrocytes. The pleio-
tropic signaling and multi-directional cross-talk with 
membrane glucosensors controlled by this receptor 
form a complex and highly coordinated network 
termed “metabolic orchestra” of the astrocyte-neuron 

circuitry, which is critical for both metabolic and cog-
nitive processes in health and disease. 
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Figure 4. The metabolic orchestra of the heterodimer conductor, T1R2+T1R3, in the astrocyte-neuron 
circuitry. The taste receptor heterodimer senses extracellular glucose level. It mediates interactions with neigh-

boring plasma receptors, including GLUTs (glucose transporters), CB1 (cannabinoid type 1) receptor, D1-4 
(dopamine types 1-4) receptors, mGlutR1-5 (metabotropic glutamate) receptor types 1-5, GPR81 (lactate re-
ceptor) and SGLT3 (sodium glucose-dependent transporter type 3). Although the taste receptor heterodimer 

can signal downstream to affect gene expression and other cellular processes, their interactions with other 
membrane receptors can mediate a range of processes, including glucose metabolism, gene expression, and 

other cellular functions. Indeed, these receptors GLUTs (Welcome, 2015; Urizar, 2005), CB1 receptors, dopa-
mine receptor, mGlutRs (Kuhn, 2010; Lee & Cohen, 2015) have been implicated in metabolic dysfunctions. 

Further explanation is provided in the text.
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