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ABSTRACT 
 

Potential benefits of nanotechnology are immense, also 

its dangers. Nanomaterials are developed for their new 

radical properties involving to completely new and amazing 

results. Although exists a wide consensus about the 

advances of nanotechnology in fields like materials, 

medicine and energy, there is also huge doubts about 

biological, environmental and security implications. Some 

studies had identified knowledge gaps that must be 

addressed immediately, some of the recommendations are: 

to determine the kinetics and transport mechanism of 

nanoparticles in human body, and their characterization. 

The main objective of this paper is to describe the progress 

made in the design of equipment and protocols for future 

study of nanomaterials transport in biological media. 
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1 INTRODUCTION 
 

 

Nanotechnology shows rapid advances that promise to 

change and impact radically, many areas of science and 

technology.  

Also, It offers lots of possibilities for human progress, 

creating many types of nanomaterials applicable in different 

areas that include but are not limited to; novel medical 

treatments [1,2,3,4], agricultural research [5], diagnostic 

methods for food safety [5,6,7,8], environmental recovery 

procedures [9, 10], energy applications such as solar cells 

[11, 12], even in daily high-volume products like cosmetics 

[13, 14], clothes and / or dirt repellent surfaces [15] and 

self-cleaning paint [15]. However, it is essential and urgent 

to evaluate not only the benefits but also the potential risks 

of nanoparticles and propose effective actions by 

appropriate regulatory criteria. 

 

For this reason in recent years, many researchers [6, 13, 

16-33] have analyzed the cytotoxicity and genotoxicity of 

micro and nanoparticles in biological systems, finding 

significant effects on most organs of the body. Such wide 

spread effects in the body are due in part to: i) the fourth 

different mechanisms (inhalation, ingestion, dermal contact 

and iatrogenic method) by which nanoparticles can be 

transported in to the body, ii) its reactivity, iii) size, iv) 

novel properties different from their macroscopic 

counterparts, v) ease of transport to the whole human body 

by circulatory and lymphatic systems [34-38]. 

 

Fig. 1 illustrates the potential lifecycle of nanoparticles 

in the human body. This figure shows an overview of 

ADME (Absorption, Distribution, Metabolism and 

Excretion) processes in the body [35]. This schematic 

indicates that nanoparticles are distributed to the same 

organ through various exposure routes. For example 

nanoparticles that are in the gastrointestinal tract could 

enter through ingested products but also they can reach the 

gastrointestinal tract through an indirect route, such as entry 

by the respiratory tract or the skin, where they are 

subsequently absorbed by the circulatory system. From 

there, the particles can be distributed in the liver, taken by 

the hepatocytes and excreted in the bile to the 

gastrointestinal tract. 

 

Some recent studies [16-33] regarding the effect of 

nanoparticles in the body, show effects that include among 

others: oxidative stress, generation of reactive oxygen 

species, increase of Ca + concentration into the cell, lipid 

peroxidation, mitochondrial damage, cell membrane 

damage and DNA damage that causes cell death. All these 

studies have been carried out experimentally by in vitro and 

in vivo tests.  

 

Recent studies sponsored by the Scientific Committee 

on Emerging and Newly Identified Health Risks 

(SCENIHR) with the purpose of assessing the potential 

risks of nanomaterial’s to human health, have identified 

knowledge gaps that must be addressed immediately, some 

of the recommendations are: to determine the kinetics and 

transport mechanism of nanoparticles, their 

characterization, standardization of synthesis process of the 

nanoparticles, standardization of transport test protocols 

and evaluation of how can we extrapolate toxicology data 

from in vitro to in vivo. 

 

Given these observations, the main objective of this 

paper is to describe the progress made in the design of 

equipment and protocols for future study of the transport of 

nanomaterials in complex media. We present the design of 

a modified diffusion cell for testing transdermal penetration 

of nanomaterials as well as the protocol for testing in such 

device, also the design of a decellularization system of 

organs (tissues) and its protocol, in order to obtain 

extracellular organ matrices in which the transport studies 

of nanoparticles can be conducted by infusion. Analysis and 

transport assays will be presented for nanoparticles (SiO2) 

in these prototype systems. 
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Figure 1: ADME Processes. Werner I. Hagens, et al. [35]

 

2 MATERIALS AND METHODS 
 

 

2.1 Design of a Franz Diffusion Cell 

 

For the nanomaterial´s transport study in biological 

media, some researchers have used the so called Franz 

diffusion cell [29, 32, 39-42], which consists of a two 

vessels – a donor and a receptor- which are separated by a 

synthetic membrane, skin or tissue to be evaluated. In the 

donor compartment a representative sample of the 

formulation under consideration is placed (in case a 

solution containing nanoparticles) and the receptor uses a 

solution that solubilizes the substance that diffuses across 

the complex media. At predetermined times; small aliquots 

from the receptor chamber are taken and analyzed for the 

active using a suitable analytical method. 

 

To carry out the design of the diffusion cell different 

prototypes were considered such as those used in previous 

studies for example Gamer [29], Sonavane [32] an Estevez 

[48]. These studies used the static Franz diffusion cell, this 

implies that such cells don´t have entry and exit ports for 

flow circulation through the receptor and/or donor 

compartments. Thinking in future requirements the 

diffusion cell was designed with flow ports in both 

compartments, for that reason the proposed cell prototype 

has two functionalities as a flow and/or static cell. 

The experimental diffusion cell prototype is made of 

borosilicate glass, the receptor compartment has a volume 

of approximately 32.7 ml and the surface area exposed for 

diffusion is currently of 3,8 cm2 (Figure 2).  

 

The receptor compartment is jacketed with a second 

chamber for maintain the receptor medium at a fixed 

temperature by means of a water thermostated bath.  The 

receptor solution is constantly stirred with a magnetic bar at 

fixed rpms to keep the solution homogeneous. 

The two cell compartments are held together with a 

clamp and screws as illustrated in Figure 2. The membrane 

is mounted between the cell compartments using an o-ring 

placed in the mouth of the receptor container to position the 

membrane. 

 

2.2 Protocol for using the Franz Diffusion 

Cell. 

 

The protocol defined for the study in the diffusion cell is 

as follows: 

i) The receptor solution is composed of a phosphate 

buffer (PBS) 1X with a pH of 7.4, also a group of 

antibiotics including Gentamicin and Penicilin as well as an 

antimycotic agent (Fluconazole) added to prevent the 

growth of microorganism on the membrane and in the 

receptor solution. 

ii) The heating jacket of the diffusion cell must be set at 

a temperature of 37°C which is the average body 

temperature of humans. 

iii) The receptor medium solution should be 

homogenized with a magnetic stirrer at a constant velocity 

of 600rpm. 

iv) The receptor sampling arm of the cell must be 

covered with a foil cap.  

v) Tissue discs are mounted in the diffusion cell with 

the appropriate direction facing the receptor solution. 

vi) The two compartments are assembled with a 

stainless steel clamp and four screws. 
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vii) An stabilization time equivalent to 30 minutes has 

to be provided. 

viii) In order to perform a test, 2 ml of the nanoparticles 

solution should be placed in the donor compartment. 

ix) Aliquots of the receptor medium (2 ml) are taken 

every 0.5 h, 1h, 2h, 3h, 6h, 9h, 12h, 18h and 24h, 

respectively. 

x) Immediately after the collection of each aliquot 2 ml 

of buffer solution has to be added in the receptor medium. 

xi) The concentration of nanoparticles in the samples 

are determined sprectrophotometrically or using any other 

appropriate technique. 

The protocol design was based on different procedures 

established by researches who previously have worked on 

Franz diffusion cells to determine the distribution of 

nanomaterials in tissues. [39-47] 

Section headings should be 12-point boldface capital 

letters, centered in the column. Sub-section headings 

require initial capitals using boldface and left justification. 

Headings should appear on separate lines, using the Arabic 

numbering scheme. The abstract and reference section 

headings are not numbered. 

 

2.3 Page Numbers, Footers and Headers 

Do not put page numbers on page. Do not put running 

footers or headers on any page. 

 

2.4 References 

References should be collected at the end of your paper. 

They should be prepared according to a recognized style, 

e.g. the Harvard or sequential numeric system making sure 

that your accumulated list corresponds to the citations made 

in the main text and that all material mentioned is generally 

available to the readers. When referring to them in the text, 

type the corresponding reference number in square brackets 

as in this example [1]. 

 

3 RESULTS 
 

Equations must be placed flush-left with the text margin 

and preceded and followed by a line of white space. 

 

yy
p

y

p
),,,(

82 2

2

tzyxU
m

h

t

ih
+D-=

¶

¶
 (1) 

 

Numbered equations should be numbered consecutively, 

with numbers in parentheses, flush right, and level with the 

last line of the equation. 

4 CONCLUSIONS 
 

Tables and illustrations can appear within columns or 

span both columns. If two column figures or tables are 

required, place them at the top or at the bottom a page. 

They should have a self-contained caption and be center 

justified. Figures must be 600 dpi resolution or equivalent. 

All lettering should be 10-point type or larger. Figures must 

not extend into the margins. 
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Authors Normal 12 Center 

SECTION BOLD, ALL CAPS 12 CENTER 

Subsection Bold 12 Left 
Main Text Normal 10 Left/Right 

Captions Normal 10 Center 

Figure Text Normal 10 N.A. 

Table 1: Formatting summary for Nanotech manuscripts. 

Figures and Tables should be sequentially numbered. 

Captions should be centered and use the same type and size 
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