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Abstract:
Biological fluids, also known as bio-fluids, are crucial in our bodies because they transfer chemical compounds,
hormones, medications, signaling molecules, and waste items out of the body. These artificial biological fluids
have compositions that are similar to, but not identical to, those of natural biological fluids. These artificial
biological fluids are not the same as the real fluids found in the human body, but they are close enough in some
ways. Artificial biological fluids must be assured for a variety of objectives, including drug testing, the
production of reference standards, the detection of molecules, the preparation of biosensors for detection, the
impact of biological fluids on various surfaces, and so on. Artificial biological fluids are being used in a wide
range of scientific, pharmaceutical, and medical studies. Artificial biological fluids are utilized for a variety of
applications around the world. The main contribution of this paper is a comparison of available artificial
biological fluids synthesis methods and their applications in previous research, such as artificial blood, urine,
saliva, tear, and perspiration. This study will benefit the researcher in the creation of biological fluid standard
materials as well as the development of newer procedures for testing biological standards.
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Introduction:
Biological fluids, often known as body liquid, are liquids secreted or expelled by the human body. The
nature of biological fluids is complicated, with solid-like and liquid-like phases. Blood, urine, sperm, vaginal
secretions, tears, sweat, saliva, synovial fluid, tissue fluid, amniotic fluid, nasal fluid, milk, and other bodily
fluids are all included. The human body contains a variety of fluids or liquids, some of which are present in
minute amounts while others are found in huge quantities. Total body water to body weight in a healthy adult
man is approximately 60-70 % and slightly less in women (50-55 percent). The body's fluids are divided into
two categories: internal fluid (28-32 liters) and extracellular fluid (10-14 liters).[1]
Artificial biological fluids are imitators of actual biological fluids, not the real thing. These fluids are
created for a variety of reasons, including determining the amount of uric acid in human urine and designing
biosensors for uric acid detection using fake urine. For example, fake blood can be made to detect the quantity
of glucose in the blood or to assess the resistance of protective gear materials used in the testing and fabrication
of PPE kits and masks. As a result, various artificial biological fluids perform various activities depending on
their requirements.
The Blood, urine, saliva, tears, and other bodily fluids are the most commonly tested nowadays. There
are literally dozens of elements in biological fluids that are evaluated nowadays, but the majority of laboratory
tests are done on blood, which is studied both in terms of its liquid and cellular features. Today, blood
components are examined for hundreds of different things. Urine and blood tests are frequently used to identify
the sick organ in the body. Blood is typically found in a wide range of crimes, not just violent crimes, but also
where any form of injury has happened, such as cutting on broken glass or nasal bleeds where the perpetrator
has suffered from high blood pressure. This review paper comprises all the possible artificial biological fluids
found in the market and their recent discoveries and their applications.
Intended audience of the article
The reader should have a basic understanding of biotechnology science and reference standards in
order to properly comprehend the core of the review article. This article considers artificial biological fluids,
advancements, and challenges that have occurred to date.
Conceptual/Empirical/Review Article
This is a review article since it summarises recent improvements in artificial biological fluids standards
technologies that can be used as a point of reference materials. By analysing and discussing previously
published studies, we recapitulate the existing understanding of the topic.
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Brief summary
Artificial biological fluids
Artificial biological fluids are biological fluids that are prepared or created by man rather than by the human
body. These are used all around the world for product testing and research. They're made to meet the product
testing requirements of ISO, NIST, and other recognized standards bodies. Synthetic blood, artificial saliva,
synthetic urine, and synthetic sweat are just a few examples.
1.

Synthetic Blood

Fig 1: Synthetic blood
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Artificial blood closely resembles the blood present in the human body. The artificial blood offers the
advantages of not requiring compatibility testing, being free of blood-borne pathogens, having a long shelf life,
and not requiring refrigeration[2]. Surfactant, inorganic salt, thickening agent, buffering agent, and distilled
water make up synthetic blood[3].
Our body's RBCs transport oxygen and carbon dioxide. The RBC in our blood contributes to the red
colour of our blood. One billion red blood cells can be found in just two droplets of blood. These cells are in
charge of transporting oxygen and carbon dioxide around the body. As a result, a person can only use blood that
is compatible with his blood type. Synthetic blood products are now only intended to replace serum's function
[4].
Characteristics for ideal artificial blood
First, it must be both safe and compatible with the human body. This indicates that when artificial
blood is utilized, differing blood types should not matter. It also implies that artificial blood can be processed to
eliminate all disease-causing factors like viruses and bacteria.
Second, it must be capable of transporting oxygen throughout the body and releasing it when and
where it is required.
Third, requirement is that it be shelf stable. Artificial blood, unlike donated blood, can be preserved for
up to a year. While, real blood can only be preserved only for one month.
Fourth, ideal for research and experimental work which replace the real blood. Such as the plasma
property can be studies with this synthetically prepared blood.
It must be free of infections and poisons that might cause the human body's immune system to react.
The artificial blood substitutes devoted to oxygen-carrying substitutes were explored by Phioppe Schneider
(1992). Artificial blood substitutes have primarily used synthetic colloids, gelatins, dextrans, and hydroxyl ethyl
starches[5].
Iran's Moradi et al. (2016) investigated artificial blood substitutes as a means of ushering in a new era
in transfusion. Their primary focus was on red blood cell substitutes and an evaluation of blood's oxygencarrying capacity[6]. Kim et al. (2007) investigated the use of Poly (lactic-co-glycolic acid)(PLGA) tubes as a
framework for artificial blood arteries using hybridization of smooth muscle cells and endothelial cells from
canine bone marrow. These vasculature had good mechanical strength and acceptable endothelial and smooth
muscle cell hybridization activity[7].
Gupta (2017), Bio-inspired Nano-medicine techniques for artificial blood synthesis were investigated.
synthetic and semi- synthetic RBC substitutes for facilitating oxygen transmission, WBC substitutes, and
platelet substitutes with the use of nanotechnology branch materials engineering methodologies This review
study outlines a variety of methods for creating synthetic blood cells [8]. Un et al. (2019) Turkey investigated
the artificial realization of natural hemoglobin molecule functions and motions in erythrocytes. Recombinant
hemoglobin can be synthesized in yeast, according to studies[9].
www.ijres.org

853 | Page

A Review Study on Artificial Biological Fluids
Haldar et al. (2019), Lucknow, India, investigated artificial blood for transfusion sciences, designing
blood for the transport and distribution of oxygen in the body to replace allogenic human blood transfusion[2].
Rengasamy et al. (2020), Pittsburgh, investigated the resistance of N95 filtering face piece respirators and
surgical N95 respirators to synthetic blood penetration that have been approved by the National Institute for
Occupational Safety and Health. N95 masks were tested at speeds of 450 and 635 cm/sec using the ASTM
F1862 technique, and the results were compared against third-party lab data. Blood permeation through multiple
layers of mask filters was studied. There were no test failures at any velocity, according to the results[10].
Benefits of the artificial blood in as compared to real blood in following ways[11]
A. Price: When compared to genuine blood, the price is inexpensive.
B. Availability: the item is readily available.
C. Compatibility: extremely compatible with a wide range of tests and research.
D. Shelf life: Does not require refrigeration and has a long shelf life.
E. Disease Transmission: Because it is made in a laboratory, there is little chance of disease transmission.
F. Immunological effects: There are no known immunological effects.
II.
Artificial saliva
Human saliva is a mixture of fluids generated by the parotid, submaxillary, and sublingual glands, each of which
has been found to differ in content and volume[12].
Natural saliva is an important physiological liquid that is necessary for the maintenance of good oral
health and the overall health of the human body. It is the site of digestion from where digestion starts and thus
contributes to the supply of nutrients and health maintaining substances that the body requires. It is impossible
to make a synthetic saliva formula that is exactly the same as genuine saliva[13]. Artificial saliva is employed
as a wetting agent in mouth drying and for enamel development research in the construction of artificial teeth.
The following features of artificial saliva are very comparable to those of real human saliva.
1. Mineral content; in general, all products contains phosphate and calcium ions.
2. Viscosity, when compared to real human saliva, CMC (carboxymethylcellulose), mucin, and glycerin are
commonly used to make saliva viscous.
3. To simulate actual saliva, the preservatives propyl paraben and methyl are utilised as preservatives
4. Mint, sorbitol, and xylito are commonly used to increase palatability.[14]
Levine et al. (1993), Development of artificial saliva for the xerostomia condition and defining the
structure function relationship of salivary molecules dysfunction, oral diseases[15]. Polonczk et al. (2000)
Cracow, Poland, study reviewed the use of artificial saliva for models in stomatological and bio-availability
studies of biological active molecules in biological research. Research have shown that the biological active
substances is not the same as in their quantity released in digestive system and basic assumption in preparing an
artificial saliva is its similarity to real saliva in context of their physical characteristics and chemical
structure[13].
The study by Gal et al. (2001) looked at 60 artificial salivas to see what role substances met in
proposed formulae played. The buffer effect was studied, as well as the role of calcium ions, carbon dioxide gas,
hydrogenocarbonates, and thiocyanates. Some in vitro behavioral experiments of dental biomaterials were
examined using the SAGF medium as a reference. They were able to specify the role of fluoride ions emitted
from glass ionomer cements and examine the behavior of dental amalgams thanks to this SAGE medium[12].
Amal et al. (2015) East Jawa, Indonesia, synthetic saliva was designed to mimic real saliva both chemically and
physically. Studies produce the saliva substitutes that can serve as mouth and throat lubricants. Formula they
selected was the most suitable due to their viscosity and pH properties which closely similar real saliva and
mucin based saliva substitutes[14].
The investigations of Poland's Lysik et al. (2019) looked into the crucial aspects of manufacturing
artificial saliva. The major goal was to investigate saliva's rheological and lubricating properties, as well as the
antibacterial properties of commercially manufactured salivae. They investigated the development of salivary
substitutes, notably in terms of antibacterial qualities, using nanotechnology [16].
Wang et al. (2011) conducted research in Hamburg on the effect of artificial saliva on the apatite
structure of damaged enamel in human teeth. Scanning electron microscopy, total reflectance infrared
spectroscopy, and electron probe microanalysis were used to investigate citric acid-induced alterations in the
structure of enamel preserved in artificial saliva. The administration of artificial saliva for several hours leads to
a partial recovery of the local structure of eroded enamel apatite, according to the findings[17].
III.
Synthetic urine
Synthetic urine is a solution of water and organic and inorganic components. It is a human pee-like
substance that has the appearance, smell, and consistency of real human urine. It's made to contain realistic
levels of urea, uric acid, sulphates, chlorides, phosphates, and creatinine, as well as to match the pH level of
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genuine urine. In terms of its contents, urine is a very rich body fluid. In the last three decades, over 2900
metabolites have been identified in urine[18]. Urine components have the potential to serve as key biomarkers
and diagnostic tools for a variety of disorders.
The exact composition of urine is both costly and difficult to determine, as it varies by gender, race,
food ingested, medicine taken, and activity, as well as changing throughout the day in the same individual to
meet the needs of regular biological functions. Another issue is the collection and storage of data, which has
been highlighted in numerous studies. The presence of communicable disease agents in urine specimens is also a
risk factor that should be considered by a researcher. Because of these drawbacks, artificial urine (AU) is
becoming more popular for research reasons because it is both feasible and quick to obtain. To develop
comparative-controlled studies, the formulation can be simply changed. AU specimens have been investigated
in a variety of studies.
Brooks et al, (1996), UK, The goal of the research was to create artificial urine medium (AUM) that
was similar to those observed in human urine. The recovery of a large variety of urease favourable and
unfavourable urine pathogens was made possible by AUM consolidated with agar. The results demonstrated that
AUM may be used as a substitute for normal urine in a variety of tests. [19].The efficiency of magnesium ions
and alloys as a class of antibacterial and biodegradable material in ureteral applications was investigated by
Lock et al. (2013) of California. Over the course of a three-day incubation period in an artificial urine (AU)
solution, magnesium alloys lowered E. Coli viability and colony forming units[20].
Arndt et al. (2018), In this work, researchers looked at the lengthy cytotoxicity using PLGA-bmPEG (PLGA-PEG) polymer carriers & artificial urine (AU) against human UROtsa cells. Beneficial urothelial
UROtsa cultured in RPMI 1640 medium comprising foetal bovine serum or treated with a variety of AU
concentrations for 24 hours and 7 days. Cell viability was determined using the XTT technique and live/dead
staining. For the first time, the impact of AU on regular cytotoxicity assays associated to biomaterials with
urinary-tract applications has been discovered [21].
According to, Sarigul et al. (2019), Artificial urine was designed to replicate the urine of healthy
people. Three procedures are also compared to 28 healthy people's samples. ATR-FTIR spectroscopy
(attenuated total reflection-Fourier transform infrared spectroscopy) was used by the researchers. When the
multi-purpose artificial urine (MP-AU) protocol was compared to the other two protocols, it came out on top.
Finally, infrared spectra of nine compounds were supplied, allowing absorption bands to be assigned to specific
compounds[18].
Sueksakit et al. (2021), Bangkok, explored the optimization of a synthetic urine formula for in vitro
cellular studies vs genuine urine. To do so, numerous artificial urine formulae that closely resemble genuine
urine have been devised. The effects of adding 0-10 percent foetal bovine serum (FBS) to the well-known AUSiriraj regimen on MDCK renal tubular cells were investigated. When compared to total culture medium, both
native urine and AU- Siriraj without/with FBS reduced the time of deformation. According to the findings, 2.5
percent FBS in AU-Siriraj can delay deformation and improve polarisation of renal tubular cells[22].
Liang et al. (2020) investigated the respiratory chain with P.aeruginosa cells grown in Luria Broth (LB) as well
as modified artificial urine media. (mAUM). In both LB and mAUM, the proton-pumping NQR complex was
found to be the primary NADH dehydrogenase. This study depicts that pathogen's aerobic respiratory chain in
great detail, as well as the key roles of NQR with terminal oxidases in urine [23].
IV.
Artificial Tear
Artificial tears are eye drops that are used to lubricate dry eyes and keep the outer surface of your eyes
wet. Age, some drugs, a medical issue, ocular problems, or environmental factors such as smoky or windy
surroundings can all cause dry eyes, and these eye drops can assist. There is no particular brand that works best
for all types of dry eyes. Some artificial tears accelerate eye healing while others try to prevent tear evaporation
in addition to moisturising your eyes. Artificial tears with thickening agents retain the solution on your eyes'
surface for longer.
Artificial tears are divided into two categories
1. Eye drops with preservatives: This type can be found in multi-dose bottles that comprise chemicals
(preservatives) that inhibit bacteria from reproducing after the bottle is opened. Whether you have mild
to severe dry eyes, the preservative may damage them.
2. Chemical (Preservative) free eye drops: When you use artificial tears and over four times another day
or have mild to severe dry eyes, you should consider using preservative-free eye drops; this kind has
fewer chemicals and is recommended. Preservative-free eye drops in single-dose vials are
available[24].
Lubricating eye drops work by adding some of the same components to your tears. As a result, your tear film
can better protect the surface of your eyes[25].
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Bohnert et al. looked into the protein adsorption of artificial tear solutions onto contact lens
materials (1988). FTIR spectroscopy was used to evaluate protein adsorption. Protein absorption through contact
lens materials depends greatly just on polymer makeup, according to the research. [26]. Bernal et al. (1993)
looked into the composition of artificial tears and the regeneration of injured corneal epithelium or severe dry
eye syndromes[27]. In 1990, Alan Tomlinson explored the role of preservatives of artificial tear solution upon
that film's lipid layer. To study the effects, the retinal evaporation rate was measured using a customized
servomed evaporimeter. As per the findings, the amounts of chlorbutanol or benzalkonium chloride had no
effect just on tear film lipid layer's stability. [28].
Berdy et al. (1992) investigated artificial tear preparations that were free of preservatives. Scanning
electron microscopy was utilised to examine the corneal epithelium of rabbit eyes after they were given two
preservative-free artificial tears-1 (Hypotears) and tear-2 ocular lubricants (Refresh). The preservation-free
artificial tear solutions-1 and -2 were found to be free of the harmful effects associated with preserved
solutions[29]. Margarita Calonge investigated the use of artificial tears to treat dry eyes in 2001. Punctal
occlusion is the most common treatment, which prevents natural or artificial tears from emptying. They can be
used to replace as well as retain tears not obviously healing the condition. Because it is believed to stop the
viscous circle of irritation with cell destruction just on ocular surface with lacrimal glands, cyclosporin A has
been examined inside the treatment of severe eye[30].
Pucker et al. (2016) investigated the efficacy toxicity of more than artificial tear treatments in the
symptoms of dry eye condition, as well as formulations of over-the-counter artificial tears. According to the
findings, and under artificial tears may help improve dry eye problems and are typically safe, although there are
certain risks. [31]. Tong et al., 2017, examined artificial tear formulations for dry eye patients and identified the
numerous over-the-counter treatments as well as their drawbacks[32].
V.
Conclusion
In this paper, we give an overview of the artificial biological fluids that are currently accessible as well
as recent findings. We have discussed artificial saliva, synthetic blood, urine, and tears, as well as contemporary
research on these artificial biological fluids. It is critical for researchers to grasp the differences between
different artificial biological fluids, since this will aid in the preparation of artificial biological fluid reference
standards and any drug testing study. They can be employed in a variety of fields, including medicine,
pharmacy, and metrology, and additional research will help to further the creation of artificial biological fluids.
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