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CHAPTER 5

GENERAL CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

The objective of this study was to synthesize nanocarriers that will serve as vehicles, protect
the AMPs and deliver them to the conditions that have low pH. The NPs used in this study
were synthesized and characterized. They are non-toxic, biodegradable, biocompatible and
most importantly stable in acidic conditions which make them suitable as microbicides. The
microbicides made from these NPs can be used as topical vaginal gels or condom gels for an

extra layer protection to prevent the transmission of STls.

The CNPs were prepared successfully by ionic gelation of CS with different concentrations
TPP. TEM, SEM, FTIR, UV and DLS analysis was used to confirm this. The characterization
techniques revealed that the NPs were spherical in shape with a mean diameter of 2.5-15 nm
and a zeta potential more than + 30 mV, which ensures their physical stability and render them
suitable for transportation through mucosa and uptake by cells in the human body. The
phosphate band observed by FTIR confirmed the formation of the NPs.

The successful loading of peptide into the CNPs was also confirmed by FTIR, DLS, HRSEM,
HRTEM, and UV-Vis spectroscopy. The FTIR spectra of peptide-loaded CNPs showed the
shifts in band and formation of new peaks, which can be attributed to the presence of peptides.
CNPs cross-linked with 1 mg/ml TPP showed excellent stability as demonstrated by the DLS
analysis. HRTEM revealed NPs with an average size less than 100 nm for both CNPs and
peptide loaded CNPs were synthesized via ionic gelation method. Poly electrolyte formation
between PAA and CS with peptides loading was confirmed by FTIR, DLS, and HRSEM
spectroscopy. The FTIR spectra of peptide-loaded CS/PAA NPs amide absorption bands
characteristic of peptide and also showed that carboxylic groups of PAA associated with amine
and OH groups of CS through electrostatic interactions to form the polyelectrolyte. Exothermic
peaks of physical mixture were different from those of the uncoated NPs, which also indicate
that coating of the AMP-CNPs with PAA results in new chemical bonds formed. The Zeta
potential of AMP-CP NPs remained positively charged an indication that conjugation of PAA
will not affect the mucus penetration properties of CNPs.
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The encapsulation efficiency EE (%) of the peptide loaded CNPs cross-linked with 1mg/ml
TPP was 79.6% and it was observed that the entrapment efficiency of these NPs was higher
compared to NP synthesised with higher/lower concentrations of TPP. The stability of the
CS/PAA NPs allows for modulated release of the encapsulated drug. It also showed
improvement in the in vitro release profiles of these coated NPs, by releasing the Kn2-7 in a
more controlled and sustained manner. Thus, as the NPs are slowly degraded by the acidic

conditions in the vagina, the peptide is released and kills the bacteria.

Antibacterial studies confirmed that free peptide (Kn2-7) does not survive the acidic conditions
and that the peptide completely lose its activity. Kn2-7 loaded NPs protects the activity of the
peptide in the conditions that simulate vaginal pH (~pH 3.8). Comparing the activity of all the
peptide loaded NPs cross-linked with different concentrations of TPP, it was clear that TPP has
an effect in the loading capacity of the drug. Approximately 87.5% of the peptide was released
within 24 hours to inhibit the bacterial growth at pH 3.8. These results indicate that CS/PAA
NPs are a promising carrier system for the controlled delivery of antimicrobial peptides in

acidic environments such as the vagina.

In conclusion, this study demonstrated that incorporating Kn2-7, which was previously shown
to have anti-HIV activity, into CNPs protected the peptide from degradation in acidic
conditions and preserve the antimicrobial activity of the peptide. These NPs demonstrate
potential for its application in the development of a microbicidal product that could prevent the
transmission of STIs, such as HIV/AIDS.

5.2 Recommendations

. The antiviral activity against HIV must be tested, first in vitro, then in vivo in an
animal study.

. To test the nanoparticles against hepatitis B, herpes and the human papilloma virus
(HPV) for susceptibility.

. The mucus penetrating ability of the AMP-CP NPs still need to be tested.

. All of the above must be repeated with HBd-3.

. The release studies on NPs over time still need to be investigated to know the exact

time for the start of release.
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Appendix 1

ZETA POTENTIAL AND SIZE DISTRIBUTION CURVES
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Figure 1(a): Zeta potential of Kn2-7 CNPs
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Figure 1(b): Size distribution of Kn2-7 CNPs
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Figure 1(c): Zeta potential of HBd-3 CNPs
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Figure 1(d): Size distribution of HBd-3 CNPs.
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Figure 1(e): Zeta potential of Kn2-7 CS/PAA NPs
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Figure 1(f): Size distribution of HBd-3 CNPs.
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Figure 1(g): Zeta potential of Kn2-7 CS/PAA NPs
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Figure 1(h): Size distribution of HCPNPs.
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Appendix 2

FTIR SPECTRUM.
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Figure 2(a): FTIR of Kn2-7 CS.
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Figure 2(b): FTIR of Kn2-7 peptide.
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Figure 2(c): FTIR of Kn2-7 CNPs in 0.3 mg/mL TPP
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Figure 2(d): FTIR of Kn2-7 CNPs in 0.3mg/mL TPP
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Figure 2(e): FTIR of Kn2-7 CNPs in Img/mL TPP
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Figure 2(f): FTIR of Kn2-7 CNPs in 3mg/mL TPP
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Figure 2(g): FTIR of HBd-3 CNPs in 0.3mg/mL TPP.
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Figure 2(h): FTIR of HBd-3 CNPs in 1Img/mL TPP.
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Figure 2(i): FTIR of HBd-3 CNPs in 3mg/mL TPP
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