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ABSTRACT  The current study involves the synthesis of fourteen analogs of oligochitosan and their screening for antiviral 
potential against human immunodeficiency virus (HIV), respiratory syncytial virus (RSV) and Coxsackie virus.  The synthesized 
oligochitosan analogs were characterized by nuclear magnetic resonance (NMR) and FTIR techniques. HIV-1 p24 ELISA was 
performed using HIV-1 p24 antigen capture assay in order to estimate the viral infectivity loss. It was observed that sulfated 
oligochitosan was devoid of antiviral activity as compared to oligochitosan UN102 analog. The rest of UN102 analogs which 
include N-thiol (UN105), N-glutaryl (UN106), N-Azido (UN111) and N-phthaloyl (UN114) and N-citric analog (UN117) 
exhibited antiviral activity against HIV. The UN102 also decreased viral infection caused by RSV. In addition, UN102 was 
found to bind Coxsackie virus, which causes autoimmune myocarditis. The findings were of great interest to proceed for the 
development of novel antiviral agents.  

INTRODUCTION

Diverse factors affect the development of 
anti-viral drugs including high incidence of a 
particular viral disease and availability of the 
vaccine, severity, ease of diagnosis, duration of 
the acute and chronic viral disease and the drug 
target (Pardi and Weissman 2020). The adverse 
effects are accompanied by currently used broad 
antivirals (Villamagna et al. 2020), the appear-
ance of new emerging viruses (Choi 2021) and 
resistance against existing antiviral in new virus 
strains (Irwin et al. 2016) which also suggest 
an urgent need for the development of safe and 
broad spectrum of antiviral agents. It is essential 

to discover new strategies to overcome the above 
challenges and improve public health.

Natural products are highly valuable and many 
medicinally important compounds have been iden-
tified among them like polysaccharides which are 
reported for their antiviral action (Ehresmann et 
al. 1977; Minari et al. 2011). In particular, sulfated 
polysaccharides are a class of molecules with fa-
vorable tolerable profiles in animals and humans 
characterized by a plethora of biological activities, 
including antiviral activity in some studies (Na-
kashima et al. 1987; Schols et al. 1992; Sugawara et 
al. 1989).  Also, it was reported that selective use 
of sulfates of chitosan, a chitin derived polysaccha-
ride, resulted in a higher anti-HIV activity (Artan et 
al. 2010; Satitsri and Muanprasat 2020; Nishimura 
et al. 1998). However, the preparation of sul-
fated chitosan remains complex and heterogeneous 
products make them difficult to use in biological 
activity. These factors collectively discourage use 
of sulfated chitosan. Moreover, sulfated polysac-
charides only work at lower pH and some of these 
exhibit altered clotting properties. The high molecu-
lar weight polysaccharides are not preferred due to 
poor tissue penetrating ability (Wang et al. 2012). 
Therefore, there is need for a pharmaceutical agent 
that is safe, convenient, effective and preferably a 
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cost-effective non-sulfated polysaccharide as an 
anti-viral agent that can be used to overcome the 
technical and commercialization challenges facing 
sulfated polysaccharides.  Recently high molecular 
weighing chitosan has been shown to exhibit anti-
viral activity (Zheng et al. 2016). However, studies 
have shown that high molecular weighing chitosan 
(100-400 kDa) exhibits aggregation, low solubility 
under physiological conditions, high viscosity at 
concentrations used for in vivo delivery and slow 
dissociation or degradation (Zaikov 2005).

Mohapatra’s research group has previously 
reported a 10 kDa on nano - chitosan, referred to 
here as UN102, which we have characterized and 
used in diverse genes, drugs and peptide delivery 
studies. This oligochitosan is well known for its 
bio - compatibility, biodegradability, favorable 
physico - chemical properties and chemical modi-
fication suitability (Bird et al. 2014; Kong et al.  
2005; Zhang et al. 2005). We reasoned that UN102 
could lead to the development of potent broad an-
tiviral by making structural modifications. For this 
purpose, functionality in UN102 was made and the 
synthesized analogs were characterized by NMR 
and FTIR techniques. These UN102 analogs were 
tested for antiviral properties against HIV, RSV 
and Coxsackie virus.

Objectives

1.	 To confirm the antiviral activity of oligochis-
tosan against HIV, RSV and Coxsackie virus.

2.	 To chemically modify the natural occur-
rence oligochitosan in order to boost its 
antiviral activity.

3.	 To compare antiviral activity of the synthe-
sized analogs with the naturally occurrence 
oligochitosan. 

 METHODOLOGY

The first batch of analogs were synthesized 
and tested between fall 2014 and spring 2015, 
and later on in 2019 , UN105, UN106, and UN111 
were resynthesized and tested again to confirm 
activity. The methodoly used to prepare these 
compounds was  chosen based on the fact that 
the amino moiety in the chitosan’s ring is very 
reactive which is the reason why, the researchers 
decided to protect it with N-Phthaloyl group in 
dimethyl sulfoxide:water  95/5 for the subsequent 

steps, this methodology prevents the formation of 
O-phthaloyl byproduct. At the end of the procedure, 
the phthaloyl group is removed using hydrazine 
monohydrate in order to regenerate the free amino 
group. This synthetic strategy was used for most 
of the modifications done to the original chitosan’s 
ring, blocking amino group, working on the hy-
droxyl groups, and deprotecting the amino group 
at the end of the procedure. 

Synthesis of Oligochitosan Analogs

Oligochitosan 10KD (UN102), a water soluble 
oligochitosan with approximately 70 units of chi-
tosan monomers linked β-glucan linkages with 
15 percent  deacetylation and the starting mate-
rial for all the chitosan’s analogs synthesized for 
this study, was prepared using an acid hydrolysis 
method from insoluble chitosan (purchased from 
Sigma) and the product was characterized by 
13CNMR, 1H NMR and FTIR. In general, when 
the modification was done in a different position 
other than the amino group, the procedure in-
volved protection and deprotection of the amino 
group using phthalic anhydride in dry dimeth-
ylformamide (DMF) for 12 hours and reflux. 
Alternatively, an additional protection was done 
over the primary alcohol group on C6 as follows, 
starting 10K chitosan (100 mg) was suspended 
in dry 1,4 p-dioxane (0.5M) at room temperature 
under argon atmosphere with magnetic stirring. 
Diphenylphosphoryl azide (DPPA) 6.5 µl, 1.8 equiv) 
and DBU (3.0 µl, 2.4 equiv) were then added drop 
wise. The reaction was completed in 12 hrs.    

Synthesis of Thiolated-Chitosan Analog 
(UN105)

Initially, 500 mg of chitosan UN102 was 
dissolved in 15 ml of water acidulated with 1% 
acetic acid. Then 500 µl of TGA was added fol-
lowed by the addition of 0.5g, 2.6 µmol of EDCI 
and a catalytic amount of DMAP. The reaction 
was run for 12 hrs. The resulting product was 
precipitated and washed 3 × 5ml cold ethanol 
The product was then re-suspended in water 
and dialyzed using Spectra/Por® dialysis tubing 
6-8K molecular weight cut-offs (MWCO) for 24 
hours changing the water after every 4 hours. The 
final product, a white solid, was obtained in a 67 
percent yield and confirmed by NMR and FTIR. 
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1H-NMR Analysis

1H NMR spectra of compounds was taken on a 
Bruker AVIII500 Spectrometer (Switzerland, pro-
vided by Bruker Tech. and Serv. Co., Ltd. Beijing, 
China) at room temperature. The operation frequency 
of 500 MHz was set and 99.9 percent  Deuterium Ox-
ide (D2O) was used. MestreNova software. Chemical 
shifts were reported in parts per million with TMS 
as internal standard (Tan et al. 2018).

FTIR Analysis

The Jasco-4100 Fourier Transform Infrared 
Spectrometer (Japan, provided by JASCO Co., 
Ltd. Shanghai, China) was used to conduct FTIR 
spectrum. The scanning range of 4000-400 cm- 
was used for spectra generation (Tan et al. 2018).

Synthesis of Glutaryl-Chitosan Analog (UN106)

500 mg of chitosan 10K, UN102, was dissolved 
in 5 ml of DMSO and 0.39 g, 3.43 mmol of glu-
taric anhydride was added and a catalytic amount 
of DMAP followed by 740 µl, 5.28 mmol of tri-
methylamine. The reaction was completed after 12 
hr. The crude product was precipitated in ice-cold 
water and washed (3 × 10 mL) with cold water and 
then re-suspended in a mixture of ethanol-water and 
dialyzed using Spectra/Por® dialysis tubing 6-8K 
molecular weight cut-offs (MWCO) for 24 h and 
finally freeze-dried for  24 h at -68 °C. 

Synthesis of Azido-Chitosan Analog (UN111)

A 100 mg of chitosan UN102 sample was 
suspended in dry 1,4 p-dioxane (0.5M) at room 
temperature under argon atmosphere with mag-
netic stirring. DPPA (6.5 µl, 1.8 equivalent) and 
DBU (3.0 µl, 2.4 equivalent) were then added drop 
wise. The reaction was completed after 12 Hrs. 
The reaction mixture was then heated under argon 
atmosphere in an oil bath after the addition of so-
dium azide (5 equiv) and 15-crown-5 (0.1 equiv). 
The reaction mixture was allowed to stir overnight 
for completion. The solvent was evaporated on 
rotary evaporator under vacuum at 40°C and the 
yellow solid was suspended in water (3 × 20 mL) 
and the solid recovered by centrifugation at 4K g, 
then washed with ethyl acetate (3 × 20 mL) and 
the solid recovered by centrifugation at 4K g and 

finally washed with ethanol and acetone and the 
solid recovered as described before.

 Virology Studies

Viral cultures and solution preparation:  
HIV89.6 was obtained from NIH NIAID repository. 
Stock solutions of 10 mg/ml of UN102 were pre-
pared in water. Stock solutions (10 mg/ml) of the 
rest of the compounds were prepared using 10% 
DMSO in PBS due to their solubility. Respective 
negative controls were used in the study. 

Medium/Blood Samples 

To ensure uniformity and reproducibility, stan-
dards with known viral copy numbers of HIV89.6 
(NIH/NIAID repository) were prepared. A known 
amount of virus was inoculated into cell culture 
medium in ten-fold serial dilutions. HIV-1 RNA 
was extracted using the High Pure viral RNA kit 
(Ambion). Complementary DNA (cDNA) was 
synthesized with the SuperScript III cDNA Syn-
thesis Kit (Invitrogen), amplified and quantified 
using primers specific for HIV-1 LTR. Real-time 
PCR amplification was performed in a CFX96TM 
Real-Time system (Bio-Rad, Hercules, CA). The 
primers used were specific to a conserved region 
of HIV-1 LTR: 5mplification was performed in 
(LTR sense; position 506 of HxB2) 5LTR sense; 
position 506 of Hx (LTR antisense; position 626 
of HxB2) (Mehta et al. 2009).  HIV-1 specific 
amplicons were detected using SYBR Green dye 
(Bio-Rad). The number of HIV-1 RNA copies in 
each test template was measured by its threshold 
cycle (Ct) as determined from the curve of serially 
diluted standards using data analysis software (Bio-
Rad CFX Manager). The threshold cycle values 
were plotted against copy numbers to construct 
the standard curve. Quantification of HIV-1 RNA 
in each test sample was back calculated and viral 
load was expressed as copies/mL. At the end of the 
assay, the specificity of each amplified product was 
ascertained by means of melting curve analysis. 
This eliminated false-positive detections due to 
primer-dimers or nonspecific amplicons.

HIV p24 Assay

HIV-1 p24 ELISA was performed using 
HIV-1 p24 antigen capture assay according to 
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manufacturer’s protocol in each test (Advanced 
Bioscience Laboratories). Real-time PCR assay 
was performed for the detection and quantitation 
of HIV-1 from cell culture.  HIV-1 p24 ELISA 
antigen assay was adopted due to its frequent 
use in antiviral studies (Behbahani et al. 2014).

p24 ELISA and Quantitative PCR from Human 
Blood

The compounds UN102, UN103, UN104, 
UN105, UN106, UN107, UN108, UN109, UN110, 
UN111, UN112, UN113, UN114, UN115 and 
UN117 were tested for their efficacy in binding 
to the HIV-89.6 virus in the presence of blood. 
Human whole blood was acquired from Florida 
Blood Services and each time 100 μl (microli-
ters) of blood was inoculated with 1 mg of the 
compound and 35 pg (picograms) of HIV-89.6. 
The mix was incubated for 30 minutes at room 
temperature on a rotating platform. Later super-
natant was separated upon centrifugation (12000 
rpm for 5 minutes). Part of the supernatant was 
used to determine p24 levels using HIV-1 p24 
antigen capture assay kits (Advanced Bioscience 
Laboratories). Remaining supernatant was used 
for isolation of RNA using High Pure viral RNA 
isolation kit (Roche). The 5 μg of the isolated 
RNA was used to synthesize complimentary 
DNA HIV-1 LTR using Superscript III (Invitro-
gen). Quantitative real-time PCR was performed 
using BioRad CFX 96 with the known amounts 
of HIV-1 RNA as standards. The starting quan-
tity of HIV-1 RNA in the samples treated with 
different compounds was determined using the 
standard curve and plotted on the graph.

Neutralization of RSV and Coxsackievirus

 A culture supernatant was inoculated with 
either RSV or coxsackie virus. UN102 was incu-
bated with either 10 μl rg RSV (8 × 108 pfu/ml) or 
Coxsackie virus at room temperature for 30 min 
and subjected to centrifugation at 12000 rpm for 
5 min to pellet the UN102 complexes and RNA 
was isolated from supernatant after incubation. 
The RNA from supernatant containing virus, 
treated with phosphate buffered saline (PBS) 
served as control. The infectivity of the RSV 
was examined by releasing virus from the pellet. 
Thus, compounds were incubated with 1 μl rg 

RSV (8 × 108 pfu/ml) at room temperature for 
30 min and subjected to centrifugation at 12000 
rpm for 5 min and the pellet was resuspended 
in 100 μl of fresh medium and added onto Vero 
cells plated in 48 well plate (60,000 cells/well). 
The equal amount of virus incubated in PBS 
was used as control and treated similarly and the 
pellet added onto Vero cells.  

Statistical Analyses

Statistical analysis was performed using the 
general linear model (GLM) procedure of the SAS 
System 9.2 (SAS Institute Inc., Cary, NC, USA). 
The P < 0.05 was considered a significant different.

RESULTS

The synthesized compounds were purified 
using column chromatography and the purity of 
the compounds corroborated using NMR protonic 
and 13C. The more active compounds were chosen 
for this publication and the characteristic peaks for 
these compounds are presented as follow: 

Synthesis and Characterization of Oligochitosan 
(UN102)

 The oligomeric chitosan polysaccharide 
obtained as yellowish solid was characterized by 
1HNMR, 13C NMR and FT-IR. 1H NMR (400 
MHz, D2O): δ 3.72 (5H, m), 3.59-3.53 (3H, m), 
2.97 (2H, t), 1.88 (1H, s). 13C NMR (100 MHz, 
D2O): δ 177.24, 101.0, 97.77, 76.49, 74.92, 70.27, 
60.06, 55.93, 22.24, 20.50-19.72. FTIR: 3340 (O-H 
stretch); 1620.8 (Allyl C=C); 1514, 1507 and 1378.3 
(aromatic C=O, N-H bending and C-N stretching). 

Synthesis of  Thiolated-Chitosan Analog 
(UN105)

The final product, a white solid was obtained 
in a 67 percent yield and confirmed by NMR and 
FTIR. 1H NMR and FTIR.

The 1H NMR (400 MHz, D2O) δ 3.72 (5H, 
m), 3.59-3.54 (3H, m), 2.99 (2H, t), 1.87(1H, 
s), 1.10-0.9 (2H, m), 0.52(1H, s). 13C NMR 
(100 MHz, D2O): δ 177.24, 101.0, 97.77, 76.49, 
74.92, 70.27, 60.06, 55.93, 47.90, 33.33, 22.24, 
20.50-19.72. The chemical shift values between 
3.2-3.5 were probably due to H3–H6 connected 
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to the non-anomeric C3–C6 carbons in the gluco-
pyranose ring.  FTIR: 3225 (O-H stretch); 2496 
(-S-H stretching); 1681 (N-H bending); 1546 
(amide II), 1246 (C-SH stretching), 1149 and 
1032 (asymmetric stretching vibration C-O-C), 
808 (S-S bisulfide bond). 

Synthesis of Glutaryl-Chitosan Analog (UN106)

The final product, a whitish solid was obtained 
in a 54 percent  yield and confirmed by NMR and 

FTIR (Fig. 1.2A, 1.2B and 1.2C). 1H NMR (400 
MHz, DMSO-d6): δ 7.95-7.92 (1H, s), 2.89 (1H, 
s), 2.73 (1H, s), 2.54-2.50 (4H, m), 2.29-2.22 (1H, 
m), 1.72-1.67 (2H, t). The δ values 2.54-2.50 (4H 
m) represented glutaryl group.13C NMR (100 MHz, 
DMSO-d6): δ 182.50, 141.35, 138.41, 134.20, 
133.08, 129.26, 128.13, 126.61, 97.66, 89.03, 
76.50, 74.96, 70.23, 60.22, 56.03, 22.3611. FTIR: 
3340 (O-H stretch); 1705 (C=O stretch); 1642 
(N-H deformation); 1546 (amide II), 1378, 1150 
and 1000 (asymmetric stretching vibration C-O-C).

Synthesis of Azido-Chitosan Analog (UN111)

 A white solid was obtained in a 78 percent yield 
and confirmed by 13C, 1H NMR and FTIR studies. 

1H NMR (400 MHz, D2O): δ 3.72 (5H, m), 3.59-
3.54 (3H, m), 2.99 (2H, t), 1.87(1H, s). 13C NMR 
(100 MHz, D2O): δ 177.24, 101.0, 97.77, 76.49, 
74.92, 70.27, 60.06, 55.93, 22.24, 20.50-19.72. 
FTIR: 3340 (O-H stretch); 2361-2341 (-N=N+=N 
strong vibration); 1681 (N-H deformation); 1546 
(amide II), 1379, 1149 and 1032 (asymmetric 
stretching vibration C-O-C).

 Additional UN102 analogs are illustrated in 
Figure 1. The compounds synthesized involved 
carboxylation (UN103), ester mannosylation 
(UN104), N-thiolation (UN105), N-glutamyl 
addition (UN106), Sulfation (UN107), Oxidation 
with diamino Starch (UN108), Oxidation with 
Starch azure (UN109), N-Phthaloyl (UN110), 
Azido-methyl (UN111), Bromination (UN112), 
Propargylation (UN113), N-phthaloylation 
(UN114), conjugation with curcumin gluta-
ryl (UN115), and amidation using citric acid 
(UN117) whose structures are shown in Figure 2.

UN102 Analogs Tested for Anti-HIV Activity 
in HIV Culture Supernatants In Vitro

To identify the compounds that bind HIV, the 
HIV containing supernatant from HIV-infected 
cells was incubated with the desired compound 
and neutralization of HIV (1 mg of the compound 
and 35 pg  of HIV-89.6), was determined by 
analysis of the total HIV RNA in culture super-
natant. The results of RNA concentration in the 
supernatant showed that in addition to UN102, 
several of its analogs such as UN105, UN106, 
UN111, UN114 and UN117 showed more than 
90 percent reduction in levels of HIV RNA in the 
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supernatant. The rest of UN102 analogs includ-
ing UN103, UN104, UN107, UN108, UN109, 
UN110, UN112, UN113 and UN115 showed less 
than 20 percent binding or in some cases (Table 1).

Then, HIV p24 was used as a marker to 
verify the binding potential of synthesized chitosan 
derivatives. Total RNA level was isolated from 
supernatant (mixture of PBS, compound and virus, 
1 mg of the compound and 35 pg of HIV-89.6). The 
results showed that compounds UN102, UN105, 
106, UN111, UN114, UN111-2 (UN117) decreased 
p24 levels in the supernatant more than 95 percent 
and UN103, UN104, and UN113 failed to show 
such reduction Table 2. These results confirm the 
ability of some of the UN102 analogs to neutralize 
HIV from culture supernatant.

UN102 Analogs Show Anti-HIV Activity in 
PBMC Culture Ex Vivo

To confirm the activity of the newly synthe-
sized compounds in HIV infected human cells, 
peripheral blood mononuclear cells (PBMCs) 
from healthy humans were cultured and parallel 
assays with PBMCs treated with UN102 and 
samples with no treatment were also run, followed 

by infection with HIV-1 89.6. Samples were pel-
leted on days 0, 2, and 3. Culture supernatants 
were assayed for p24 concentration. The results 
show that p24 levels are significantly reduced 
in UN102-treated vs. non-treated cells on day 3 of 
the culture Table 3. We also examined the viral RNA 
copy number from blood of HIV infected patients 
which were treated with analogs UN102 to UN117. 
The results show that the compounds UN105, UN106 
and UN111 showed the strongest reduction in copy 
number, followed by UN102, UN114 and UN117. 
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Fig. 2. Chemical structures of the most representative 
analogs synthesized during this work 
Details of the procedure to obtain these analogs is presented 
in the material and methods section.

UN102 analogs tested for anti-HIV activity in HIV culture 
supernatants in vitro UN105, UN106, UN111, UN114 and 
UN117 show more than 90 percent reduction in levels of HIV 
RNA in the supernatant while the rest i.e UN103, UN104, 
UN107, UN108, UN109, UN110, UN112, UN113 and UN115 
show less than 20 percent binding.The results of a representative 
experiment of N=3 are shown. *, P=<0.05 and **, P=<0.01  

Table 1: Screening of compounds for HIV binding in culture 
supernantant 
Compound  Percentage  of control
UN102 5
UN103 94
UN104 90
UN105 10
UN106 6
UN107 75
UN108 110
UN109 72
UN110 70
UN111 10
UN112 98
UN113 105
UN114 30
UN115 78
UN117 7
AA control 80

Table 2: Screening of compounds for HIV binding in 
culture supernantant
Compound Viral RNA (Number/ml)
UN102 0.5 × 1012

UN103 5.8 × 1012

UN104 7.3 × 1012

UN105
UN106
UN111 0.2 × 1012

UN113 8.1 × 1012

UN114 0.3 × 1012

UN111-2
10% DMSO control 7.9 × 1012

Binding potential of synthesized chitosan derivatives. Results 
show compounds UN102, UN105, 106, UN111, UN114, 
UN111-2 (UN117) decreased p24 levels in the supernatant 
by more than 95 percent and UN103, UN104, and UN113 
failed to show such reduction. The results of a representative 
experiment of N=3 are shown. *, P=<0.05 and **, P=<0.01
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In marked contrast, UN103, UN104 and UN113 
did not show any reduction in copy number (Fig. 3). 

UN102 Enabled Detection and Neutralization of 
RSV and Coxsackie Virus

A culture supernatant was inoculated with either 
RSV or Coxsackie virus and then was incubated 
with UN102 at room temperature for 30 min and 
subjected to centrifugation to pellet the UN102 
complexes and RNA was isolated from supernatant 
after incubation. The RNA from supernatant 
containing virus and treated with PBS served as 
control. Results in Figure 4A shows that UN102 
was able to remove both RSV and Coxsackie virus 

from the culture supernatant to the extent of 95-
99 percent. The total RNA was isolated from the 
pellets representing complexes of UN102 and RSV, 
as shown in Figure 4B. The results show that the 
viral RNA was recovered from the pellet.  

UN102 was used to absorb the virus (recombi-
nant RSV expressing green fluorescence reporter 
protein) from the culture supernatant to test the 
binding ability of UN102 in terms of infectivity loss 
(Fig. 5). The infectivity of the virus of Vero cells 
was examined by releasing virus from the pellet. 

Fig. 3. Effect of UN102-treatment in HIV-infected PBMCs  
The results of a representative experiment of N=3 are shown. 
*, P=<0.05 and **, P=<0.01 

Table 3: Effect of compounds that remove HIV from 
blood as determined by RNA copy number
Compound Viral RNA (Copy numbers/ml)
UN102 0.5  × 1012

UN103 5.9 × 1012

UN104 7.3 × 1012

UN105 0.1 × 1012

UN106 0.1 × 1012

UN111 0.2 × 1012

UN113 8.1 × 1012

UN114 0.3 × 1012

UN117 0.2 × 1012

Veh, control 7.9 × 1012

The assay was done in triplicate. Viral RNA copy number 
from blood of HIV infected patients treated with analogs. 
Results show compounds UN105, UN106 and UN111 show 
the strongest reduction in copy number, followed by UN102, 
UN114 and UN117. In contrast UN103, UN104 and UN113 
did not show any reduction in copy number. The results of 
a representative experiment of N=3 are shown. *, P=<0.05 
and **, P=<0.01  

Fig. 4. UN102 Neutralization of RSV and Coxsackievirus 
A culture supernatant was spiked with either RSV or coxsackievirus 
Fig. 4A. RNA was isolated from supernatant after incubation 
The RNA from supernatant containing virus and treated with PBS served as control
Fig. 4B.  The results show that the viral RNA was recovered from the pellet. The assay was done in triplicate. The 
results of a representative experiment of N=3 are shown 
*, P=<0.05 and **, P=<0.01  
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The pellet was re-suspended in fresh medium and 
added onto Vero cells plated in 48 well microplate. 
The equal amount of virus incubated in PBS was 
used as control and treated similarly and the pellet 
added onto Vero cells. Photomicrographs were 
taken at 24 h/48 h post treatment of the cells. No 
RSV infected cells were found in pellet obtained 
after treatment of pellet with UN102, showing the 
virus found on the pellet was unable to infect cells.

DISCUSSION

The studies reported herein comprise syn-
thesis of a number of UN102 oligochitosan 
derivatives, which have been utilized for neu-
tralization of viruses including HIV, RSV and 
Coxsackie virus. Based on the literature, we 
reasoned that this oligochitosan may be better 
suited to develop a sulfated derivative and other 
chemical derivatives to identify the ones with 
best antiviral activity. Surprisingly, sulfated 10 
kDa oligochitosan did not exhibit any antiviral 
activity, whereas other analogs were identified 
with comparatively better antiviral activity.  The 
synthesized UN102 analogs were characterized 

by 1H NMR and 13C NMR and FTIR techniques 
and signals or peaks obtained in respective 
spectra confirmed the structural modifications 
as a result of chemical reactions.

The selection of the viruses to be used for this 
study was based on prevalence, pathogenicity, 
virulence, impact in population, availability and 
experience.  Three different viruses including HIV, 
RSV and the Coxsackie virus were chosen to test 
antiviral activity of UN102 and its synthesized 
derivatives. First, HIV types 1 and 2 (HIV-1 and 
HIV-2) have been identified as the primary etiologic 
agents of AIDS and its associated disorders (AIDS 
Portal 2017), which causes a chronic viral disease 
lasting the lifetime (Harrison et al. 2010). Treatment 
with antiretroviral therapy (ART) increases the 
life expectancy of people infected with HIV from 
1 year without ART to >10 years (Humphreys et 
al. 2010). ART decreases viral load and increases 
immuno - competence but once HIV becomes 
resistant to ART, a combination of antiretroviral 
drugs are used which often increases the drugs’ 
side-effects, opportunistic infections, autoimmune 
diseases (French 2007; Hirsch 2004) and treatment 
costs. Secondly, RSV is an acute infection that 

Fig. 5. Inactivation of virus following UN102 binding to the virus  
UN102 was used to absorb the virus (recombinant RSV expressing green fluorescence reporter protein) from the culture supernatant. 
The infectivity of the virus was examined by releasing virus from the pellet. Thus, UN102 was incubated with 1 μl rg RSV (8 × 108 
pfu/ml) at room temperature for 30 min and subjected to centrifugation and the pellet was resuspended in 100 μl of fresh medium 
and added onto Vero cells plated in 48 well plate (60,000 cells/well).  The equal amount of virus incubated in PBS was used as 
control and treated similarly and the pellet added onto Vero cells.  Pictures were taken at 24 h/48 h post treatment of the cells. 
The assay was done in triplicate. The results of a representative experiment of N=3 are shown. 
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CONCLUSION

The Covid 19 pandemic has been a major 
challenge for the contemporary world; it has criti-
cally affected many areas of life and has revealed 
our vulnerability to new agents of infection. The 
analogs synthesized in this study could eventu-
ally be tested against Covid 19 and its variants 
to evaluate the antiviral activity. The synthesis of 
these analogs do not require special conditions and 
therefore can be performed at room temperature 
using standard laboratory equipment. Additionally, 
the methodology is susceptible to being scaled up, 
which gives a comparative advantage as the cost 
of most of the antiretroviral drugs that are vastly 
purchased by NGOs and humanitarian bodies 
to supply for free to third world countries that 
have a high number of HIV infected people. The 
discovery of how to reduce the viral counts of 
some diseases will be able to help governments 
and individuals save when it comes to medical 
expenses and in the case of Covid, life can go 
back to normal without the risk of infection that 
might lead to death in some cases.   

RECOMMENDATIONS

The recommendations are as follows:
First, there is an urgent need to have safe and 

broad spectrum of antiretroviral agents that are af-
fordable. The antiretroviral agents being affordable 
will enable various institutions to carry out more re-
search with different agents at their disposal without 
worry of being over budget. The agents also need 
to be safe so as to not put the lives of the scientists 
conducting the laboratory tests in danger during and 
after the duration that they work with them.

Second, proper funding and adequate govern-
ment support especially the FDA is vital in these 
studies. Funding will enable the scientists to con-
duct widespread research using various chitosan 
derivatives that might even be in different locations 
and countries. Proper funding will lead to the dis-
covery of drugs that can be used to fight or reduce 
the viral counts in viral diseases in human beings.

Third, more research that is in depth needs to 
be conducted. This is so that there can be effec-
tive and efficient results that are produced and in 
a timely manner.

Finally, the research needs to involve other 
countries especially the third world countries that 

occurs in immuno - compromised patients causing 
~64 million infections and killing ~166,000 persons 
annually including infants worldwide (Thompson 
et al. 2003; World Health Organization 2010) 
and despite its discovery in 1955, no vaccines or 
effective anti-viral treatments are available (Karron 
2008). Third, the Coxsackie viruses comprising of 
~29 different viruses cause several symptoms from 
hand, mouth and foot diseases to severe conditions 
like meningitis, encephalitis, paralysis, myocarditis 
and pericarditis (Koh et al. 2016).

A major and promising finding of these 
studies is the remarkable improvement on anti-
viral activity displayed by some of the UN102 
analogs: glutaryl, thiolated and azido chitosan. 
However, it was observed that unmodified 
UN102, exhibited comparatively better antiviral 
activity than sulfated UN102. The reason behind 
this remained unveiled. Although, a previous 
study revealed that sulfated chitosan showed 
significant antiviral activity against Newcastle 
disease virus (Karthik et al. 2016). The evidence 
that HIV concentration can be reduced in blood 
by more than 90 percent, opens a possibility to 
explore the use of these chitosan analogs after 
fully satisfying all FDA requirements, as a po-
tential treatment to be prescribed after detection 
of a viral agent in a bodily fluid, to reduce viral 
load in blood and may be useful in treating or 
preventing conditions including AIDS and other 
viral infections. The chitosan, its derivatives and 
some other polysaccharides were reported to 
have many medicinal properties including anti – 
HIV (Vo and Kim 2010). The results of HIV RNA 
and p24 analysis in HIV infected blood show that 
the mentioned analogs were effective in neutral-
izing >50 percent of HIV from blood, suggesting 
that these new chemical compounds could be in 
pharmaceutical preparations to control viral in-
fections. Further study on these compounds may 
provide a novel range of chitosan derivatives to 
treat viral infections.   

Another important finding is that the anti-
viral effect of these new compounds UN102, 
UN105, UN106 UN111, etc. are not HIV specif-
ic. Studies with RSV and Coxsackie viruses have 
shown the compounds may also decrease these 
viral titers. A key advantage of this treatment 
is that it can be personalized by using required 
amount of the compounds, as determined from 
ex vivo neutralization.
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are mostly affected by the mentioned viruses in 
huge numbers especially HIV. Involving scientists 
in third world countries will give the countries not 
only more knowledge but also the independence 
they need to improve the health of their citizens.
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ABBREVIATIONS

EDCI: 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide

HIV: Human Immunodeficiency Virus 
DMAP: 4-Dimethylaminopyridine
DMF: Dimethylformamide 
DMSO: Dimethyl Sulfoxide 
DPPA: Diphenylphosphoryl azide 
NMR: Nuclear Magnetic Resonance 
PBS: Phosphate-buffered saline
RNA: Ribonucleic acid
RSV: Respiratory Syncytial Virus 
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