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Abstract: An entirely different corporate age is beginning, and thanks to the fusion of discussion topics of nanotechnology, 
biological science, technological advances, and instrumentation. The herbal medication is shaped into nano-carriers to capitalize 
on the expanding demand for medicinal products for an array of disciplines and to increase therapeutic value. Herbal medications 
were the primary component in their development in nanotechnology to encourage their behavior at the targeted location. This 
review article aims to provide an overview of the state-of-the-art analytical methods for synthesizing, identifying, and characterizing 
nanomaterials. Developing analytical methods to characterize nanomaterials using a physical or chemical approach presents 
difficulties. The principal methods are transmission electron microscopy, scanning electron microscopy, magnetic nanoparticles 
and HPLC, and atomic force microscopy. The most common techniques are atomic force microscopy, electron microscopy with 
scanning electrons, magnetic nanoparticles, HPLC, and transmission electron microscopy: X-ray photoelectron spectroscopy and 
capillary electrophoretic separations. Nanomaterials are under investigation for their wide range of conceivable usage in optics, 
electronics, magnetism, catalysis, biomedicine, chemical sensing, microreactors, and medicines. 
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1. INTRODUCTION 
 
Herbal nanomedicines (HNMs) are micron-sized drugs made 
of enriched parts, gathers, or diagnostic components of 
medicinal plants. Higher bioavailability and decreased toxicity 
of HNMs are advantages1. A type of material known as nano-
size atoms has fragments that are smaller than 100 Angstroms 
in size. Polymeric herbal nanoparticles, solid lipid 
nanoparticles, phytosomes, nano-micelles, self-nano 
emulsifying drug delivery systems, nanofibers, liposomes, 
dendrimers, ethosomes, nano-emulsion, nanosuspension, and 
carbon nanotubes are examples of herbal nanomedicines. 

Nanoparticles are currently produced with numerous 
scientific uses, including biosensors, medication transport, 
drugs, and healthcare products. Nanoparticles' effectiveness 
and interactions with ecosystems are greatly influenced by 
their physical and chemical characteristics. With regards to 
their excellent stability, substantial specificity, excessive drug 
storage capacity, capability for controlled dispersion, the 
potential of being utilized in varied administrative methods, 
and ability to deliver both hydrophilic and hydrophobic drug 
molecules, nanoparticles may provide major benefits over 
standard drug delivery. 

 

 
 

Fig 1: Different types of nanocarriers (nanoparticles) serve as drug delivery1. 
 
Natural medication is shaped into nano-carriers to capitalize 
on the expanding demand for pharmaceuticals for an array of 
disciplines and to increase therapeutic value. Medicinal 
products served as the primary component in its development 
in nanotechnology can stimulate its action at its intended spot. 
Because of a greater engaged surface power, there are 
numerous opportunities to increase the bioavailability and 

interaction target discrimination, which will improve the active 
entity's potency and safety. Nanoparticle is crucial for the 
therapy since the action of herbal remedies breaks down in 
the abdomen's extremely acidic PH or is processed through 
the liver2. To enhance pharmacokinetics and 
pharmacodynamics components of drug molecules in a 
biological system before entering the circulatory system. 

 

 
 

Fig 2: Different nanoparticle2 
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1.1 A Nano-formulation technology that contains an 
active herbal component 
 
Solid nanoparticles of lipids, magnetic nanoparticles, polymeric 
micelles, phospholipid micelles, and polymeric 
nanoparticles To enhance the dissolution of water & delivery 
of drugs to the diseased location, metallic and inorganic 
nanoparticles, colloidal nano-liposomes, and dendrimers are 
implemented. Nanoparticles made of a Metal-Organic 
Framework (MOF) improve the immunotherapy of several 
medicinal drugs. During each in-vitro and in-vivo experiment, 
the micelle carriers increases photothermal efficiency towards 
the cancer cells. Techniques for loading nanoparticles 
 
1. The hot homogenization procedure 
2. The Cold homogenization procedure. 
3. The High-pressure homogenization procedure. 
4. Complex coacervation procedure. 
5. Coprecipitation procedure. 
6. Salting out procedure 
7. Solvent emulsification diffusion procedure. 
8. Supercritical fluid procedure 
9. Nanoprecipitation procedure 
 
(1) The hot homogenization procedure: 
 
The hot homogenization process, performed at temperatures 
over the lipid's melting point, is called emulsion 

homogenization3. High-shear mixing equipment (Ultra-Turrax) 
produces a pre-emulsion of the drug-loaded lipid melt and the 
aqueous emulsifier phase (both at the same temperature). It is 
preferable to acquire droplets near a few micrometers since 
the pre-emulsion's efficiency significantly influences the overall 
performance of the finished product. Higher temperatures 
often lead to smaller particle sizes because the inner phase's 
viscosity is reduced. High temperatures, however, also hasten 
the pace at which the medicine and the carrier degrade. 
Multiple iterations of the homogenization process are possible. 
Therefore, it must constantly be contained. High-pressure 
homogenization raises the sample's temperature (by around 
10°C for 500 bar).  
 
(2) The Cold homogenization procedure: 
 
The cold homogenization procedure, meanwhile, entails the 
pressurized processing of an emulsion despite utilizing an 
emulsified lipid3. Adequate temperature monitoring and 
control are necessary to ensure the lipid is in an unmolten 
condition since a spike in temperature occurs during 
homogenization. The hot homogenization method's three 
shortcomings prompted the invention of cold homogenization. 
1. Technology that exposes pharmaceuticals to temperature-
related degradation. 2. Drug dispersion into the aqueous phase 
throughout homogenization 3. The intricate crystallization 
stage of the nanoemulsion may cause several modifications or 
pressure from melts that have undergone supercooled.

 
 

 
 

Fig 3: Hot and cold homogenization technique3 

 
 
 

http://www.ijtos.com/


  

www.ijtos.com 

 

 

4 

 

(3) The High-pressure homogenization procedure. 
 
It is a reliable and effective method used for the first time to produce SLNs. High-pressure homogenizers force a liquid through a 
small opening (a few microns wide) under high pressure (100–2000 bar). About a very short distance, the fluid accelerates to a 
very high velocity (about 1000 km/h). Cavitation pressures and extremely high shear stresses cause the particles to break into 
submicron sizes. Although up to 40% lipid content has also been researched, 5-10% is often utilized. 
 
(4) The Complex coacervation procedure. 

 
 

Fig 4: Complex Coacervation Method.4 

 
 

(5) Coprecipitation procedure 
 
Another way of producing solid lipid nanoparticles is through 
precipitation, characterized by the requirement for solvents. 
For example, an organic solvent (like chloroform) could be 

dissolved using glycerides, and an aqueous phase will be 
utilized to emulsify the result. The lipid will precipitate out of 
the organic solvent once it has evaporated, creating 
nanoparticles. 

 

 
 

Fig 5 Coprecipitation procedure5 
 

(6) Salting Out Procedure 6 

 
Polymers and medicine are primarily dispersed into a solvent, 
including salting out agents (electrolytes like calcium chloride 
and magnesium chloride or sucrose as non-electrolytes) and 

hydroxy ethyl cellulose as a colloidal stabilizer. The oil 
mentioned above in water dispersion has been mixed with 
water to promote liquid propagation, triggering the 
emergence of nanospheres. 

http://www.ijtos.com/
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Fig 6 Salting out Methods6 

 
(7) Solvent emulsification diffusion procedure. 
 
This technique allows for the emergence of granules with characteristic diameters between 30 and 100 nm. The lack of heat during 
preparation is the key advantage of this procedure. The zeta potential changes and SLN coacervation is produced using an acidic 
aqueous phase. This process generally involves dissolving the lipid in the organic phase in a water bath heated to 50 °C. The two 
phases are then separated using centrifugation. The SLN suspension came into being quick. The entire dispersed system can be 
reabsorbed in distilled water afterward centrifuging it. 

 

 
 

Fig 6 Solvent emulsification diffusion method for nanoparticle preparation7 

 

(8)  Supercritical fluid procedure 
 
This brand-new procedure for making SLN has the advantage 
of making it requiring the necessity of solvents. There are 
multiple variations of this platform technology for producing 
powder and nanoparticles. For example, SLN may be created 
using the explosive growth of supercritical carbon dioxide 
solutions (RESS) technology. Therefore, performing this 
treatment using carbon dioxide (99.99%) as the solvent was a 
good idea. 

 
1.2 Analytical Techniques Employed in 
Nanotechnology 
 
1.2.1 Transmission electron microscopy (TEM8) 
 
Projection of a diluted sample, including the object to be 
studied, onto backing grids, may quickly yield substances with 
dimensions sufficiently small to be electron transparent, 
including powders or Nanotubes. The electron beam is 
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focused and controlled by electrostatic and electromagnetic 
"lenses" in the electron microscope. The transmission of an 
electron beam via an incredibly thin specimen as it engages 
with the material is a technique. The electrons that pass via 
the specimen are converted into an image, which is then 
enlarged and focused by an objective lens and shown on an 
imaging screen. It is aware of faults in the stretched crystal 
lattice. 
 
1.2.2 Scanning electron microscopy (SEM)9 
 

This technique creates magnified images using electrons 
instead of light waves. When the beam of electrons interacts 
with the atoms of the sample, signals in the form of secondary 
electrons, backscattered electrons, and characteristic x- rays 
are generated that contain information about the sample's 
surface composition, topography, etc. In its main detecting 
mode, i.e., it can generate exceptionally high-resolution 
photographs of a sample surface, exposing features 1 to 5 nm 
in size. Imaging using secondary electrons. Detectors collect 
these X-rays, backscattered electrons, and secondary 
electrons and convert them into a signal sent to a screen 
similar to a television screen.

 
 

 
 

Figure 7 Scanning electron microscopy (SEM)9 
 
1.2.3 Magnetic nanoparticles and HPLC10  
 
A microextraction approach employing Ag modified-magnetic 
nano Particles (ag-maps) and high-performance liquid 
chromatography (HPLC) is used to detect ceftriaxone in 
plasma. They used a mild solution method to create magnetic 
nanoparticles. To characterize the produced nanoparticles, 
several techniques, including X-ray diffraction (XRD), 
transmission electron microscopy (TEM), FTIR, and 
ultraviolet-visible (uv-vis) spectroscopy, were used.  
 
 

1.2.4 Atomic force microscopy (AFM)11  
 
AFM is the best tool for evaluating the surface roughness at 
the nanoscale scale and for visualizing surface nano-texture on 
many different material surfaces, including textiles and 
polymer nanocomposites with polished or coated surfaces. 
Utilizing piezoelectric scanners, an AFM probe with a pointed 
tip that has a specified tip radius of 10 nm is placed close to 
the end of a cantilever beam and raster scanned across a 
specimen's surface. In addition, a place-sensitive photodiode in 
an optical lever detection system is frequently used to track 
modifications to the tip specimen interface. 
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Fig 8: Atomic force microscopy12 
 
1.2.5 Capillary electrophoretic separations 13 
 
Microchip capillary electrophoresis (MCE) and capillary 
electrophoresis in a capillary procedures are among the best 
and most effective for DNA analysis. They discussed using 
nanomaterials and chip-based nanostructures for DNA 
separation in MCE and CE. Several innovative chip-based 
techniques are being created for the separation of DNA, 
particularly for long DNA molecules, which utilize the 
dependency of the mobility of DNA molecules on the size and 
form of nanostructures. In addition, utilizing nanostructures 
eliminates the need for sieving matrices, unlike traditional CE 
and MCE procedures. 
 

1.2.6 X-ray photoelectron spectroscopy14 
 
XPS determines the elements and the quality of those 
elements present within ~ 10 nm of the sample surface. It also 
detects the contamination, if any, in the surface or The bulk of 
the sample. If the material is free of Excessive surface 
contamination, XPS can generate empirical formula of the 
sample, and the chemical state of one or more elements can 
be identified. It can also determine the thickness of one or 
more thin layers (1-8 nm) of different materials within the Top 
10 nm of the surface. It can also measure the uniformity of the 
elemental composition of textile Surfaces after nano-level 
etching, finishing, or coating of the surfaces.

 

 
 

Fig 9: Nano-carriers15 
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Fig 10: Nano medicines16 
 
1.3 Nanotechnology in Medicine - Nanoparticles in 
Medicine 
 
1.3.1 Drug Delivery17.  
 
Presently in development, nanotechnology in healthcare 
involves using nanoparticles to transport medications, heat, 
light, or other chemicals to particular cell types (like cancer 
cells). In addition, it is possible to directly treat damaged cells 
using particles designed to attach to certain cells. This method 
identifies early illness and lessens harm to the body's healthy 
cells. One example is creating a way to distribute cardiac stem 
cells to injured heart tissue. To boost the number of stem cells 
supplied to damaged tissue, they connect nanovesicles drawn 
to the lesion to the stem cells18. 
 
1.3.2 Antibacterial Treatments19. 
 
It is creating a method that uses infrared light and gold 
nanoparticles to destroy microorganisms. This technique 
could result in better equipment maintenance in medical 
facilities. 
 
1.3.3 Diagnostic Techniques 
 
A detection device that can quickly provide results when 
utilized with hand-held testing equipment and can identify 
COVID-19 and other viruses is produced using nanoimprint 
lithography20. Carbon nanotubes in chips are coupled with 
antibodies to find cancer cells in the bloodstream. The 
researchers think this technique might be used for quick lab 
tests that could find cancer cells in circulation early. In 
addition, creating a test for the early recognition of kidney 
injury is ongoing. The technique uses gold nanorods that have 
been functionalized to bind to the kind of protein produced by 
damaged kidneys. The color of the nanorod changes as protein 
builds up on it. The test will be performed rapidly and 
affordably for early problem identification. 
 
1.3.4 Wound Treatments 
 
Researchers have exhibited a bandage that uses electricity 
generated by the patient's Nanogenerators to apply electrical 
pulses to a wound21. There is an imperative for a different 
strategy to stop blood loss in trauma patients who have 
internal bleeding. Synthetic platelets are made of polymer 
nanoparticles. Injection of these artificial platelets considerably 
lowers blood loss, according to laboratory testing22. 
 
1.3.5 Cancer Treatments 
 
A reusable solution that may administer chemotherapeutic 
medications to the skin to treat melanoma has been created 
using silicon Nano needles. We have created nanoparticles 

with chemicals coupled to a radioactive core that bind to 
lymphoma tumor cells23. According to the researchers, this 
technique prevents the main tumor from spreading 
malignancy24. Researchers have shown a nanoparticle that 
destroys lymphoma cancer cells. They employ a nanoparticle 
with a gold nanoparticle in its center that resembles HDL 
cholesterol. The cancer cell is starved when this nanoparticle 
binds to a lymphoma cell and prevents the cancer cell from 
adhering to actual HLD cholesterol25. The organization has 
shown how to send a protein that kills cancer cells to the 
cancer cells themselves. They utilize a polymer nanoshell to 
get the protein inside the cancer cells. The cancer cell self-
destructs when the protein builds up in the nucleus of the 
cancer cell26. It has been demonstrated that heating cancer 
tumors using iron-oxide nanoparticles and a magnetic field 
stimulates the immune system to fight cancer cells in other 
regions of the body27. While other methods are utilized to 
treat localized tumors, researchers think this technology may 
help halt the spread of cancer cells. 
 
1.3.6 Artemisinin (ART) 
 
Chitosan, gelatin, and alginate encapsulated ART crystals to 
provide controlled release28. Using the layer-by-layer method, 
these polyelectrolytes were alternately placed on ART crystals 
of a size of around 766 nm. We examined the ART 
nanocapsule's swelling characteristics, size distribution, and 
zeta potential. Transmission electron microscopy was used to 
study the morphology of the ART nano-capsules after they had 
dissolved. Phosphate buffer solution (Ph 7.4) was used to test 
the release property of ART nano-capsules. The ART 
nanocapsule's good aqueous solution dispersion was 
demonstrated29. The disclosed approach is practical for 
achieving sustained drug release through self-assembling poly 
electrolytes on natural drug crystals. 
 
1.3.7 Food Safety 
 
Food safety will be impacted by nanotechnology. Electronic 
equipment is becoming smaller due to nanotechnology, which 
enhances computing, communication, and information 
processing30. Food goods may be tracked via smart labels or 
packaging, protecting legitimacy and enabling traceability. 
Compounds used in food interaction that prevent microbial 
contamination are created using nanotechnology. The 
consumption of particular mineral particle nanomaterials, 
which might remain and amass in the body due to the creation 
and dumping of items containing nanomaterials, is at the center 
of the debate over the regulation of nanotechnology. The 
extensive use of antimicrobial products, which may promote 
the emergence of microbe resistance, is another issue of 
concern. Nanotechnology-enabled imaging and diagnostic 
technologies are opening the door to earlier identification, 
more personalized treatment options, and higher therapeutic 
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success rates. In one method, scientists developed a 
nanoparticle that resembles high-density lipoprotein, the 
body's "good" cholesterol that aids in plaque reduction31. 
Researchers are looking into carbon nanotube "scrubbers" and 
membranes to extract carbon dioxide from power plant 
exhaust. Researchers in nanomedicine are examining methods 
that nanotechnology might enhance vaccinations, including 
needle-free vaccination administration. 
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