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ABSTRACT- HIV, which causes AIDS, is one of the deadliest diseases and the sixth leading
cause of death. The reported poor bioavailability of non-nucleoside reverse transcriptase inhibitors
used to treat HIV infection is related to first pass metabolism, protein binding and enzyme
metabolism. They are also less permeable to the blood-brain barrier. He biomimetic architecture,
the ability to hijack host immune responses, continuous antigen shifting, and drafting are the
major critical factors that are responsible for the unavailability of a concrete therapeutic regimen
against viral infections. Further, inappropriate pharmacodynamic physicochemical and biological
parameters such as low aqueous solubility, poor permeability, high affinity for plasm proteins,
short biological half-lives, and fast elimination from the systemic circulation are the major
critical factors that govern the suboptimal drug concentration at the target site that leads to the
development of drug resistance. However, size, shape, charge, and surface topology of
nanoparticles are the greater influential factors that determine target-specific drug delivery,
optimum cellular uptake, degree of opsonization by the host immune cells, drug retention time,
transcytosis, the extension of biological half-life, in vivo stability, and cytotoxicity. The review
will enlighten the elaborative role of nanotechnology-based drug delivery and the major
challenging aspect of clinical safety and efficacy. Various parameters of Efavirenz SLN gel were
evaluated, such as gel temperature, pH, viscosity, light transmittance, muco-adhesive strength,
diffusion, and in vitro and ex vivo dissolution studies. Drug release was found to be optimal for
zero-order release Kkinetics (R2 = 0.3), suggesting that drug release is concentration-sensitive and
diffusion-controlled. In vivo pharmacokinetic studies have shown that it is possible to successfully

eradicate HIV in the brain and cure HIV patients after intranasal administration, and many of these
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problems are voluntarily overcome by the use of advanced anti-inflammatory drugs developed
with nano-technology. These delivery systems carry antibodies in nanoparticles that can be made
from synthetic or natural materials. However, due to health and environmental concerns, there is

interest in developing antibiotics from natural products such as lipids.

Keyword: Nanoformulation, Anti-Viral Drugs, transcytosis, organic and inorganic nanocarrier

system, pharmacokinetics, targeted delivery
Introduction-

Current treatments using antiretroviral drugs for HIV infection are effective at lowering plasma
levels, but not effective at eliminating the virus in other areas, such as the central nervous
system, because they are inaccessible and cannot be stored in cellular and anatomical reservoirs
where the virus can center. . . The central nervous system is the most important HIV repository
[9]. With limited access to anti-AIDS drugs, the brain is thought to be a haven for the virus. This
not only causes immunity, but mental function improvement, movement symptoms or mild
neurocognitive impairment (MDR), HIV-associated dementia (HAD), HIV encephalitis (HIVE),
and in many cases even death. he development of an effective treatment against viral infections
remains a greater challenging arena in front of the global scientific community. The various
critical factors like continuous viral antigen shifting and drafting (alteration of surface proteins
(antigen) due to mutation), non-specific drug targeting, suboptimal drug concentration at the
target site, and development of drug resistance are the crucial factors that are responsible for
ineffective therapeutic regimen against viral infections [2]. The major antiviral drug regimen
consists of remdesivir, oseltamivir, zidovudine, zalcitabine, stavudine, abacavir, nelfinavir,
ritonavir, efavirenz, etc., Other class of antiviral therapeutics such as acyclovir, ritonavir, and
efavirenz shows poor aqueous solubility 2.25, 1.2, and 8.85 pg/L respectively at pH 6.8 which
restrict their systemic absorption from the intestinal site that leads to poor drug bioavailability
[34]. Addressing such issues, nanotechnology-based drug delivery is emerging as an alternative
approach for improving the therapeutic efficiency by altering the physicochemical properties of
the antiviral drugs. Tracking the effectiveness and safety profile, there are still many critical
aspects like immunogenicity, target specificity, and compatibility in the biological environment

that are closely associated with the nanotechnology-integrated nanomedicines. In contrast,
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viruses have been armed with a different strategy to evade humoral and cellular immune
responses for about millions of years of evolution [36]. Viral physiochemical features that
include size, shape, hydrophobicity, and surface charge define many of these stealth activities.

A virus is the microscopic particulate of dimensions ranging from 1 to 100 nm that fuses directly
at the plasma membrane followed by various endocytic processes such as clathrin-mediated
endocytosis, caveolin-mediated endocytosis, macropinocytosis, and phagocytosis that reach
intracellular compartments. After successful internalization of viral components (both enveloped
and non-enveloped), it alters the cellular environmental factors, like pH, connection with a target
cell, or the activity of proteolytic enzymes, that causes a conformational change in specific

proteins that manipulate the host immune responses [37].

Aim of the research work- The aim of this study is to design and manufacture
nanoparticles of the antiviral drug efavirenz, to increase their bioavailability in the HIV reservoir
area by delivering them to the brain, to conduct research and to compare formulations of
existing formulations.

Blood —Brain Barrier- BBB (Blood-Brain Barrier) The BBB is an important barrier that
prevents macromolecules, hydrophilic molecules, microorganisms, or nanoparticles from
entering the brain [34]. The blood-cerebrospinal fluid barrier (BCSFB), composed of choroid
plexus epithelial cells, also plays a role in nutrient and xenobiotic permeability. Access to the
brain is limited and well-controlled, mainly due to three types of damage.

1. Physical Barrier- The BBB shows the largest surface area (approximately 20 m2), has
weak endothelial cells with tight junctions preventing transport, lacks endothelial
fenestrations, and reduces the rate of pinocytosis on the luminal side. The BCSFB
problem occurs because there is a layer of polarized epithelial cells around the windowed
capillaries held together by tight junction proteins.

2. Biological Barrier- Expression and function of various receptors, ion channels, and
efflux/efflux transporters that regulate transport. In particular, ATP-binding cassette
(ABC) membrane-associated transporters such as P-glycoprotein (P-gp), multidrug
resistance-associated protein (MRP), and breast cancer protein (BCRP, ABCG2) play an
important role in restrictions. . Many Penetration drugs, including anti-cancer drugs and
anti-HIV drugs.

3. Metabolic Barrier- Metabolic enzymes can inhibit transport. These transporters and
enzymes may also cause drug-drug interactions that can lead to treatment failure and/or
toxicity.
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Design of experiment- Its products are designed to meet the patient's needs and product
needs. Drug development should include the definition of quality product (QTPP),
identification and determination of critical features (CQAs), selection of appropriate
manufacturing processes, determination of control strategies, identification of possible
equipment and procedures affecting the CQA product. A method can facilitate continuous
improvement and innovation in production and throughout the life of the product [16-18].In the
current study, drug identification, selection of different products, social studies etc. Many
preliminary studies such as particle size and maximum encapsulation of drug Efficacy in SLN
[19, 20].

Preformulation studies - The main components of solid lipid nanoparticle systems include
drugs, lipids and surfactants. After identifying the drug, various materials were selected as
components of the proposed system. This selection was based on drug solubility and ability to
form small particles. The selection was also based on the component’s safety profile and
approval status.

Drug-Excipients Compatibility Study- infrared spectra of pure chemicals stored at 25 +
2 OC, 60% + 5% relative humidity for 7 days, as well as physical mixtures of chemicals and
selected materials, were recorded using an FT-IR spectrophotometer (Bruker Alpha-one, Bruker
Optik). , Germany) in the range of 4000-400 cm-1 and compared significant changes
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Figure 02 : Formulation of solid lipid nanoparticles by high pressurehomogenization

Nanotechnology-Based Drug Delivery System for the Treatment of
Viral Infections

As per the Center for Disease Control and Prevention (CDC) guidelines, the appearance of
widespread resistance against the strains of influenza A viruses adamantanes (amantadine and
rimantadine) a class of antiviral drugs used are not recommended by the physicians in the USA.
In addition, antiviral drugs like ganciclovir and valganciclovir (cytomegalovirus), acyclovir
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(herpes simplex virus), lamivudine, adefovir, telbivudine, entecavir, and tenofovir (hepatitis B
virus) show clinical evidence for drug resistance [42]. Muco-adhesive strength-
Mucoadhesion was determined by a modified two-disc balance [37]. According to the literature
review, although there are many in vitro and in vivo studies of the efficacy of mucoadhesive
drug delivery systems, surprisingly, there is still no established protocol to measure
mucoadhesion or can be done according to its quality. Mucoadhesion Strength Method. In vitro
testing with a two-disc balance is the best and easiest way to evaluate the mucoadhesive
properties of formulations [43, 44]. In this way, as shown in Figure 3.3, one side of the scale is
covered with wooden blocks and the other side with a container of water.More than 20 pl of test
sample gel in contact with cellophane film (1 cm2) adhered to the horizontal end of the water
box and on the perfect surface. Water was slowly added dropwise until the cellophane membrane
separated from the gel.

Weight in grams of water required to separate the two surfaces was measured

F=wxg
Where F is the muco-adhesion force (dynes / cm?),

w is the minimum weight required to break the bond (grams), g is the
acceleration due to gravity (cm/s?).

Drug Release Profile

In-vitro drug diffusion profile- In vitro drug diffusion curves of SLN dispersions and EFV-
loaded SLN gels were obtained using the dialysis bag/dialysis bladder method [7,24,48] as well
as Franz diffusion cells [18,36,48]. For the Dialysis bag, the SLN dispersion and bulk
suspension are packaged in a filter bag 110 (LA 395), Himedia, cut at 12000 Da) and extracted
in 50 ml of methanolic phosphate buffered saline (pH 6.4) in a glass beaker, 40% v/v) [6, 7].
The beaker was placed on a magnetic stirrer and mixed with magnetic beads and covered with
parafilm to prevent evaporation loss during the experiment [46]. Fractions are removed from the
receptor chamber at 24-hour intervals and replaced with an equal volume of fresh diffusion
medium.

Ex-vivo drug release profile- In vitro release studies were performed in the nasal cavities of
slaughtered goats using Franz diffusion cells [18, 39]. Carefully remove the proboscis and
remove the tissue. Mount the severed nose in a Franz diffusion cell and fill the receptor chamber

with methanolic phosphate buffer (pH 6.4, 40% v/v). Place the cells on a magnetic stirrer for

gentle shaking and keep the temperature at 34 = 0 °C. Place 5 EFV preparations (0.5 mL) on the
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donor site. Fractions are removed from the receiving chamber at 24-hour intervals and replaced
with an equal volume of fresh diffusion medium. Aliquots were analyzed spectrophotometrically
at 247 nm.

In-vivo studies- In vivo studies were performed in adult albino Wistar mice. Animal study
protocols were approved by the Animal Ethics Committee (IAEC) and Animal Control and Care
Committee (CPCSEA) [PIPH 04/15 CPCSEA921/PO/Ere/S/05/CPCSEA]. Animals were housed
in polypropylene cages for mice. Rice bran was used as bedding. Laboratory rats were provided
ad libitum with granulated food and purified drinking water. Rats were divided into two groups.
Group | (a test group) consisted of 6 animals and the established SLN formulation (equivalent to
0.06 mg efavirenze) was administered intranasally. The second group (standard) consists of 6
animals speaking commercial - EFAVIR - efavirenz capsules.(Powder equivalent to 25 mg
efavirenz capsules, dispersed in 1 ml of water). This dose is calculated as the Human Equivalent
Dose (HED) according to FDA guidelines. Plasma samples were collected from all animals and
animals were sacrificed within 24 hours with an overdose of sodium pentobarbital. Brains were
isolated, weighed, homogenized in PBS pH 6.4 at 5000 rpm using the Silent Crusher M
homogenizer (Heidolph, Germany), centrifuged, and the supernatant collected for drug
concentration determination [55].The amount of drug in plasma and brain homogenates is
determined using HPLC, a developed and validated method for estimating efavirenz in plasma.
Tenofovir disoproxil fumarate was used as an internal standard. Brain:plasma ratio,
bioavailability and relative bioavailability were calculated using the formula brain:plasma =
concentrate. Brain drug concentration/concentration Amount of drug in plasma fraction
Bioavailability = Bioavailable dose/Used dose Relative bioavailability = Systemic drug
availability/Systemic availability of an oral standard of the same drugs.

Results

Identification of Drug- Before starting its construction, it is necessary to determine and ensure
the purity of the purchased drug. Analytical tests and decisions to determine the appearance,
solubility and melting point of chemical samples are summarized in Table 3.

TABLE 3: Identification tests for EFV with the inferences

Parameters Observations Reported [1] Inferences
Appearance White powder White to almost white Complies
powder
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Solubility Practically insoluble in water Practically insoluble in Complies
(10 mg insoluble in >100 ml) water
Freely soluble in methanol Freely soluble in methanol | Complies
(10 mg in<1ml)
Melting 139-142°C 138 - 142°C Complies
point
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Figure 2: IR spectra (a) Observed spectra of EFV (b) Reported spectra of EFV

TABLE 4: Major peaks observed and reported for EFV in IR spectra:
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Observed (cm™) Reported (cm™) Inferences [3]

3319.64 3500-3100 N-H stretching

2249.39 2250-2100 C= C (Alkyne)

1750.06 1750-1730 C=0 of ester

1602.59 1680-1630 C=0 of amide

1498.33 1350-1000 C-N

1036.16 1300-1000 C-O0

Conclusion- Advanced developments in nanomedicine design and engineering have provided
many privileges over the traditional approach of drug administration for the prevention and
treatment of viral infections. The dominance of nanomedicine approaches lies in the presentation
of unique attributes such as nanoscale dimensions, high surface-to-volume ratio, the versatility of
surface functionalization to achieve the desired selectivity, and biocompatibility. The present
investigations, it may be concluded that solid lipid nanoparticles of a poorly soluble drug
efavirenz were successfully developed and optimized using the systematic approach of design of
experiments (DoE) by high pressure homogenization technique. Thermo sensitive in-situ gel was
prepared with the optimized SLN dispersion. it may be concluded that the developed
formulation has better potential to target brain where the HIV viruses are reported to harbor
even with low dose of efavirenz, rendering the treatment more cost-effective as well and
acceptable to patients because of convenience of application of in-situ gelling formulation.
Hence, the developed formulation, after necessary investigations of clinical trials, has the

promising potential for an attempt to completely eradicate HIV reservoir and cure AIDS.
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