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Abstract

COVID-19 virus causes mass death worldwide which is facing an unending battle that needs unconventional evidence
in complementary and alternative medicine. This review aims to elucidate the possible health benefit of far infrared
from Nuga Bed/Mat® along with its heat produced and the application of castor oil pack that has antiviral property in
the management of coronavirus infection. Far infrared radiation from Nuga Bed/Mat® has low wavelength and is
perceived as heat by the thermoreceptors of the human body. The presence of heat from the Nuga Bed/Mat® coming
from the far infrared radiation gives sufficient health benefits including detoxification, pain relief, reduction of muscle
tension, relaxation, improved circulation, boosting of the immune system and lowering of blood pressure. SARS-CoV-2
infection manifests inflammation of the vascular endothelium which prevents proper circulation of the blood and can
further progress to blood clotting. Treatment with Far infrared radiation for 40 minutes to 2 hours causes the
stimulation of HO-1 protein that induces anti-inflammatory activity on the vascular endothelium and other sites of
inflammation. Hence, improved blood flow can be expected after an exposure with far infrared radiation. With the added
castor oil, spread on the specific site which has a corresponding antiviral property, the possibility of alleviation from
the symptoms associated with coronavirus infection can give a light of hope as an alternative remedy.
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1. Introduction

In the current pandemic situation, many are maximizing complementary and alternative medicine approaches to fight
against the Covid-19 infection. Every country is finding a conclusive therapy of several forms including antiviral and
antibacterial agents, steroids, plasma therapy and nanovaccines. Although, no definitive evidence to support its
reduction of viral load and alleviating the symptoms, most Asian countries like China and India conducted clinical trials
to assess the possible health benefits against Covid-19 infection [1]. Considering the employment of CAM, infrared
radiation can be felt in the form of heat that further halt proliferation and eventually death of the virus. SARS-CoV-2 as
a form of spike enveloped virus are sensitive to heat. According to the study of Darnell, et. al., it was concluded that
viruses are heat-sensitive. Heat at temperatures of 55 to 65°C within the span of 15 to 30 minutes can inactivate a wide
variety of viruses, specifically enveloped viruses like coronaviruses [2]. Heat therefore, can be an inexpensive, highly
useful and broadly available mode of therapeutic treatment for Covid-19 infection. Heat-based therapies can present a
good option for integrating natural, conventional and traditional remedies [3].

Among the complementary and alternative treatments which utilizes far-infrared radiation is the Nuga Best Bed/Mat®
which elicits far-infrared radiation from natural jade and tourmaline materials. The mat is capable of producing 3.6 to
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1 micron’s wavelength and heat radiation of 2-15 mW/cm through the carbon fiber conductive heating system. This
wavelength activates the jade and tourmaline to release huge volumes of negative ions that will enter down into the
deepest cells promoting better blood circulation and improving immune function of the body. Untoward danger may
not be an issue since the type of radiation delivers low energy of light. In fact, human body utilize it every day in order
for the natural physiological functions to perform well including treatment of several vascular-related disorders. While
the FIR technology has been extensively used in health improvement [4-6] and food preservation, the precise and
concrete mechanisms of producing hyperthermic activity and other biological functions remains unclear [7-9].

Far-infrared (FIR) is a division of the infrared radiation (IR) which belongs to the invisible region of the electromagnetic
continuum with a wavelength measured in mm or pm. It is divided into three categories: far-infrared (FIR) radiation
with a wavelength between 5.6-1000 mm, middle-infrared (MIR) radiation with a wavelength between 1.5-5.6 mm and
near-infrared (NIR) radiation with a wavelength between 0.8-1.5 mm. The particular wavelength of FIR can be
perceived as heat by thermoreceptors in the surrounding skin. FIR as a form of medical therapy is a safe, noninvasive
and convenient therapeutic modality, which is known to improve both blood flow and endothelial function. It can be
further considered as a type of physiotherapy since it can penetrate up to 4 cm (~1.5 inches) beneath the skin and
generates effects in the human body either thermal or non-thermal [7, 10-12].

FIR produces biological effects in the tissues through energy transfer that produce heat and put forth stimulation on the
target tissues and its surrounding tissue environment. As a form of noninvasive therapy, there has been so many studies
which shows that FIR therapy can be fully beneficial to human health in terms of the following: (a) it promotes wound
healing (b) improves the prognosis of cardiovascular diseases (c) guards the cells from the various inflammatory attacks
(d) helps produce open and free blood flow system which is beneficial for patients undergoing a dialysis sessions
through both thermal and non-thermal effects (e) plays a good benefit for the protection of the entire blood vessels (f)
has sleep inducing activity and prevent abnormal growth of cells like tumors (g) increases blood flow and improves
peripheral circulation (h) improves endothelial health and functions (i) reduces blood sugar and insulin levels (j)
induces accelerated recovery of skeletal muscle function after exercise (k) increases arterial and peripheral blood flow
in the lymphatic vessels (1) improving endothelial function and decreasing pain, inflammation, and oxidative stress. FIR
has an abundant health benefits and non-invasive and proven harmless form of therapy [12, 13-16]. In the study of Shi-
Yau Yu, et. al, on the biological effect of far-infrared therapy on increasing skin microcirculation in rats, it was seen that
after direct contact to FIR, the blood flow in the skin has increased. This can be possibly due to the synthesis, utilization
and enhancement of the natural physiological factors induced by the FIR which led to the increase in blood flow. This
mechanism is seen to be processed by the nitric oxide action of the autonomic nervous system [7].

Another alternative medicine commonly practiced among elderly and patients with chronic inflammation is the use of
castor oil pack with the application of heat. Castor oil plant has a wide array of traditional and medicinal values for the
treatment of various health conditions including liver infections; illnesses of the gastrointestinal tract like constipation,
indigestion, enteritis, colic and flatulence; inflammation especially of chronic state, removal of warts and also helps
improve blood circulation to the area of application through nitric oxide stimulation. Considering the phytochemical
components, castor oil is rich, hence, castor oil has a very extensive range of highly medicinal activities including
hepatoprotective, anti-nociceptive, antioxidant, antiulcer, anticancer, anti-inflammatory, central analgesic, antidiabetic,
antimicrobial, antiviral, and wound healing activity [17, 18].

The main aim of this review is to establish the possible health benefit of FIR radiation released from the Nuga Best
Bed/Mat® with an added castor oil pack which may have potential antiviral activity that can probably alleviate or treat
any viral infection including coronavirus as both of these therapies enhance blood circulation which may hasten the
combat against the coronavirus infection.

2. Methods

This article review uses recovered studies and peer-reviewed articles from the different journals in Pubmed,
ResearchGate and Google Scholar. Also, the Chinese National Knowledge Infrastructure Database, Chinese Science and
Technique Journals Database, and Chinese Biomedical Literature Database were also considered for the search of the
articles. The article search started on June to August 2021. Topics searched were all focusing on far infrared radiation,
heat, castor oil and Nuga bed/mat®. All journals reviewed were systemically filed in one folder for easy access and for
prevention of any documentary discrepancies. All articles were reviewed and synthesized. Articles that mention
complementary and alternative medicine for possible treatment of Covid-19 infections were highly prioritized [19]. The
review was done comprehensively in order to establish possible correlation of far infrared, heat, castor oil and nuga
bed/mat®.
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2.1. Symptomatic Indicators of COVID-19 Infection

With the recent news and events of mass death associated with this deadly coronavirus, the world is now facing a true
case of a global terror. True enough, coronavirus is something we should be taking seriously with great caution. At the
start of this disease at Wuhan, China - we all thought that clinical manifestations of the disease involve the pulmonary
tract. In fact, we know that coronavirus associated ailment is produced by a peculiar severe acute respiratory syndrome
following the contact of the virus to specific receptors in the body. However, when autopsies were carried out to
establish further the extent of the pathologic damages, it was found out that the pathologic mechanisms leading to the
death of the victims include respiratory failure due to surfactant deficiency and alveolar collapse, cardiac syncope from
direct damage to cardiac muscles, peripheral paralysis, cytokine storm and excessive haemorrhage from impaired
coagulation [20]. At the outset, what originally was thought about the cause of the expiration of the patient as purely
acute respiratory syndrome has now been blown out of proportion as the cause of the death of the patients now involves
multiple organs including heart, kidneys, bone marrow, lymph nodes and brain. The contributory pathologic infection
is somehow related to vascular endothelium of multiple organs [21, 22].

2.2. Far Infrared Radiation Mechanism

With consideration to the whole electromagnetic radiation continuum, the infrared radiation (IR) band occupies the
wavelength range of 750 nm-100 um, frequency range of 400 THz-3 THz, and photon energy range of 12.4 meV- 1.7
eV. It is situated in between the long wavelength red edge of the visible and the short edge of the terahertz (starting at
3 THz) spectral bands (Figure 1) [23].
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Figure 1 Electromagnetic radiation spectrum and its induced biological modification processes. Adapted from
Vatansever and Hamblin (2012) [23]

All living matters has the ability to absorb and transfer energy to some extent or degree. Hence, the discovery of the
infrared radiation that is capable of emitting electromagnetic radiation at low wavelengths and frequencies has shown
to be of significant potential health benefit. Of the entire infrared radiation continuum, only the FIR spectrum has the
capability to transfer energy that is absorbed in the form of heat and are sensed by the skin’s thermoreceptors as a
radiant heat. The mechanism of transfer of energy from the black body (the object/body part that absorbs infrared
radiation) is said to be at a uniform state of temperature. At this state, the black body radiates back the absorbed energy,
known as black body radiation [24-25].

2.2.1. Inhibition of vascular endothelial inflammation

The endothelium is the cell that lines the walls of all the blood vessels of the circulatory system. This endothelium serves
an important aspect in the regulation of blood flow. The regulatory action of the endothelium is governed by the
contractile state of the vasculature. This state helps regulate the interactions between the blood circulating in the vessels
and the walls of the vessel. Furthermore, endothelial cells act as a significant barrier that separates the plasma and
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blood-formed elements from the neighboring tissues. Endothelial dysfunction is a vital trademark of several pathologic
conditions like atherosclerosis and acute coronary syndromes (Figure 2) [26].
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Figure 2 Mechanism of Vascular Endothelial Dysfunction. Adapted from Elrod and Lefer (2005) [26]

Vascular homeostasis is therefore very important in keeping a healthy body. The principal factor which will lead to
endothelial dysfunction is the decrease in nitric oxide (NO) bioavailability [27]. Nitric oxide helps in the mechanism of
vessel relaxation and in maintaining vascular homeostasis. Any instances of lack in nitric oxide level in the body have
been shown to induce reductions in blood flow, platelet accumulation, vascular smooth muscle propagation, and to
develop leukocyte linkage and successive extravasation of the tissue [28-31]. Such a corresponding scenario may lead
to vascular endothelial inflammation. This condition involves amplified permeability of the vascular endothelial cells
(VECs) from one or multiple organs that form the lining of blood vessels, which will result in overstated extravasation
of the components of the blood and inflation of extravascular fluid. Vascular endothelial inflammation can occur
simultaneously in multiple organs. But commonly affected organs for Covid-19 patients are the lungs and heart.

Far infrared (FIR) radiation at its wavelength is recognized by the body’s skin thermoreceptors in the form of heat [32,
33]. New studies have been conducted showing the therapeutic benefits of the FIR radiation in the cardiovascular
system. These studies have shown that FIR radiation helps in improving ventricular arrhythmias and endothelial
function of patients with cardiovascular conditions [34, 35]. Moreover, FIR radiation allows blood flow at microvascular
level and angiogenesis in numerous animal models [36, 37]. In addition, research studies have shown that the use of
FIR as a treatment in patients undergoing hemodialysis increases access flow of the arteriovenous fistula (AVF) [38].

In vitro studies by Ching Lin, et. al, showed in cultured human umbilical vein endothelial cells (ECs) were subjected for
40 minutes with FIR radiation, it resulted in the stimulation of Heme oxygenenase-1 (HO-1) protein and such
stimulation is time-dependent. HO-1 is a Nrf2-regulated gene that plays a critical role in the prevention of vascular
infection. The results showed that far infrared therapy elicits a strong and powerful anti-inflammatory activity through
the induction of HO-1. The ability of FIR therapy to inhibit inflammation may play a critical role in preserving blood flow
and patency of arteriovenous fistulas in hemodialysis patients [39].

2.3. Influence of Heat on Skin Absorption

Skin absorption is difficult for two reasons: first, the outer layer of the skin which is the epidermis is a non-vascular
part. Vascularization of the skin begins at the dermis layer, hence skin absorption is difficult. Second, at cold
temperatures the pores of the skin are usually closed making entry of drug molecules difficult. Hence, any drug
treatment administered topically must be lipophilic so that it will adhere to the skin and allow longer duration of
exposure of the skin with the drug. The lipophilic characteristic of the drug caters for deep penetration even on non-
vascularized epidermis layers of the skin because the treatment allows direct contact on the pores of the skin which will
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increase chances of absorption. With these two reasons, skin absorption can be enhanced at a rapid rate if heat is applied
because it allows the pores of the skin to open up resulting in faster absorption. There are several studies which have
proved that heat can enhance absorption into the skin with an increase in temperature [40-42]. Application of heat in
therapeutic aspect has initiated a lot health benefits including (a) fast wound healing (b) anti-ageing effects using lasers
in the treatment (c) increased blood flow in the skin by vasodilation which will allow oxygenation and hasten transport
of drugs across the skin barrier [43, 44]. Figure 3 shows the influence of temperature on skin absorption [45].
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Figure 3 Effects of cold stress and hot stress on skin blood flow [45]

Earlier studies have shown the effects of heat and its exposure to the skin. Among these include the study of Shomaker
et al.(2000) which shows the comparison of exposure to 40°C for 4 hours and 80°C for 15 seconds. At 40°C for 4 hours,
there was an increase in the skin permeability which allows hydrophobic drug (fentayl) to permeate the skin by 4-fold.
On the other hand, exposure to 80°C for 15 seconds presented a 12-fold surge in skin permeability of porcine with
hydrophobic drug, butanol. This rise in the permeability of the skin is credited greatly to the disordering of Stratum
corneum lipid bilayer structures of the skin. With this, it can be noted that skin permeability can be greatly enhanced
upon the application of heat. As such, there are many innovative developments in employing heat to the skin in
increasing permeability for better absorption of drugs, this include: (a) application of microheaters to increase insulin
and vaccine delivery [46- 47]; (b) Radio-frequency heating of the skin allows an intensification in the distribution of
minute drug molecules, human growth hormone and DNA [42, 48-49]; (c) Laser treatment to increase skin permeability
of large molecules, like dextrans [50-53].

Truly, the length of exposure and the degree of temperature plays a big role in the extent of skin permeability and
absorption. In the study of Hao, et. al., on the effects of heat on drug delivery across human skin, he cited that for a little
use of heat (43°C for 60 s) it causes a substantial cutaneous hyperemia resulting to a twofold rise in the perfusion of the
skin as well as a 5°C rise in its temperature, which lasted for 15 min [54]. Further studies showed that an essentially
ninefold rise in local blood flow was noted after an increase of 9-13°C in skin temperature [55, 56].

In the course of locally heating the skin, there are a lot of factors that may contribute strikingly to the flow of the blood
in the skin which arises through the sympathetic vasodilator nerves and other contributory factors like the production
of nitric oxide [57]. The local sensory nerves are temperature-sensitive and it has been established that at temperatures
between 29°C to 40°C, local nerves will be activated causing local vasodilation [58, 59]. Charkoudian in his study also
described a certain pattern of the typical cutaneous vasodilation during 30 min of locally inducing heat at 42°C skin
temperature, in which he found out that the blood flow of the skin quickly escalated in the first 3-5 min, and then
gradually decreases, and then after 25-30 minutes it gradually rises to a maximum [58, 60-62]. The predominant
contributory factors for the initial (fast) and slow increase in the skin blood flow subsequently are due to the local
sensory nerves activation and nitric oxide, respectively. Another recent study was established and showed vasodilation
in the vessels of the skin at a maximum state when the temperature of the skin was retained at 42°C [60].
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2.4. Castor Plant: Ethnomedicinal uses and Pharmacological Activities

Ricinus communis L. (Castor oil plant) is a very vital and precious alternative medicine around the world for it has shown
significant health benefits throughout the past years (Figure 4) [65]. It belongs to the family of Euphorbiaceae and
possesses great traditional and medicinal benefits for infections in the liver, pain in the stomach including flatulence
and can also relieved from constipation, arthritis and rheumatism, muscle aches including chronic back aches and
sciatica for it has anti-inflammatory activity and a property to remove warts and heal the person from colic and other
gastrointestinal diseases, menstrual cramps and insomnia. With regards to the phytochemistry of the plant it contains
flavonoids, phenolic compounds, fatty acids, amino acids, terpenoids, phytosterol and other valuable components. There
have been a lot of studies conducted with castor plant and among of them are anti-contraceptive, anti-ulcer, anti-
diabetic, anti-cancer, anti-fertility, central analgesic, anti-inflammatory, antimicrobial, anti-viral, antioxidant,
hepatoprotective, insecticidal and wound-healing activities. Indeed, the castor plant has proven its significant
therapeutic activity. In addition, castor plant also possesses scavenging on free radicals and most specially the strong
metal mercury. While castor plant has shown abundant therapeutic health benefits, it has a comparatively toxic
component which is ricin (protein) and ricinine (alkaloid). But the advancement of technology has allowed the removal
of the toxic ricin during the process of the oil extraction [63-65].

Figure 4 Castor Plant (A. Shoot, B. Flower, C. Fruit and D. Seeds) [65]

According to the study of Elkousky, et al.,, found out that the leaves of a castor plant exhibit antiviral activity. In his
experiment, four extracting solvents were used, namely: Methanol, Methylene Chloride, Butanol and Ethyl acetate.
Assessment of the anti-replicative activity revealed that the castor plant extract coming from the four different solvents
showed a relatively impressive anti-replicative activity against hepatitis A virus particularly the methanolic and
methylene chloride fractions while it showed a moderate activity against Coxsackie B4 virus. The sequence of the
highest antiviral activity of these four solvents begins first with butanol > methylene chloride > ethyl acetate > methanol.
The butanol extract however, showed the best protective activity against hepatitis A virus while methanol extracts
exhibited greater non-significant antiviral protective activity against herpes simplex virus-1 vs Acyclovir. The varied
effects of castor plant extract against each virus - HAV, HSV and COXB4 suggests that other possible components present
in the extract like the alkaloids and phenolic compounds may have contributed to the enhancement of the antiviral
activity of the castor plant extract [64].

2.5. The Chemistry of Castor Oil and Its Potential Antiviral Activity

Castor seeds yield a viscous, characteristic pale yellow color and is nonvolatile and non-drying type of oil - Castor Oil
[66]. The distinctive structure of castor oil shows excellent properties, in the making of several industrial products as
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well as therapeutic applications. Chemically, castor oil which is known as the Palm of Christ in some regions commonly
consists of several healthful benefits like ricinoleic acid - 90%, linoleic acid - 4%, oleic acid - 3%, stearic acid - 1% and
less than 1% of linolenic fatty acids [67, 68]. It is the ricinoleic acid which exhibits most of the physicochemical
properties of castor oil along with the presence of the three hydroxyl groups in the structure [69]. Moreover, the
processing of castor oil is easy because the target component (ricinoleic acid) has highest concentration (85.1%).
Antiviral activity of castor oil is greatly attributed to the palmitic acid and oleic acid present [70-75].

In the study of Sands, he discussed two aspects of antiviral mechanisms demonstrated by numerous fatty acids against
bacteriophage. These two fatty acids are oleic acid (18:1) and palmitoleic acid (16:1) which have shown a very strong
deactivating effect against the virus. Administering either of these two fatty acids at 50 pg/ml at 25 or 0°C for 30 min
lowered the virus titer to about 0.1% of the initial titer. On the other hand, administering oleic acid at low concentration
of 3 ug/ml lowered the virus titer to <1% of the initial titer within 30 min. There are a lot of other fatty acids which have
been proven to have an inactivation activity against the virus. Hence, fatty acids are a good potential for exhibiting
antiviral activity by preventing the replication. The mechanism by which these two fatty acids prevent attack into the
host cell is by inhibiting entry of the viral genome [71]. In another study conducted by Hilmarsson, he has observed
parallel antiviral action of preventing entry into the host cells of these six medium chain fatty acids, namely; capric,
lauric and myristic and long chain unsaturated fatty acids - oleic, linoleic and linolenic acids. Fortunately, this oleic acid
is also present in the castor oil which may somehow contribute to the antiviral property of castor oil. The alcohol and
mono-glyceride derivatives of these six fatty acids exhibits antiviral activity against herpes simplex viruses 1 and 2 and
all other enveloped viruses including human immunodeficiency virus, bovine viral diarrhoea virus, Sindbis virus and
pseudorabies virus [72-75].

With the above studies, it can be safely concluded that fatty acids from castor oil may be a very good potential for
delivering antiviral activity and possibly can be a good alternative medicine against Covid-19 infection.

2.6. Combined Effects of the Far Infrared Radiation, Nuga Bed/Mat® and Castor Oil Pack

Acupuncture is somewhat a discomfort to the patients. It can be hazardous as well if the patient has a bleeding
disorder or is on blood thinning medications like Aspirin. The possibility of bleeding, bruising, and soreness may occur
at the insertion sites. Also, the risk of infection is high if the needles are unsterilized. To prevent this scenario, Nuga
bed/mat® has become a very popular alternative for acupuncture. Nuga bed/mat® is of great advantage over the use
of acupuncture with regards to the distress attributed upon the insertion of needles. Together with the combined effect
of far-infrared light and heat therapy of Nuga Bed/Mat® (Figure 5), a unique form of acupressure can be felt. Such
function of Nuga Bed/Mat® works in the same manner but have demonstrated a better therapeutic health benefit
compared to the acupuncture or acupressure alone [76]. So, the principle of Nuga bed/mat is grounded on the following:

Figure 5 Infra-red Radiation and Heat of Nuga Bed® [76]
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2.7. Acupressure

Acupressure is based on the theory that when a body is in the state of illness, the energy travels can be disoriented in
the body and possibly become stuck. This blocked state can be improved and eventually eliminated with the help of
stimulating the focal points pathways, yielding restoration of energy balance, body’s homeostasis and improvement of
the health status [77].

2.8. Moxibustion and Utilization of Castor Oil Pack

Moxibustion is a type of traditional Chinese medicine (TCM), which involves the use of burning moxa (Folium artemisiae
argyi or mugwort) herb over acupuncture points. In China, it is commonly applied in order to enable cephalic version
of breech presentation [78]. The Nuga Best's jade ball and tourmanium ceramic® component allows a similar
mechanism of moxibustion. This will be done by excitation of the blood flow which elicits proper blood circulation
through the far infra-red heat transfer mechanism of the Nuga Bed/Mat® [77]. In addition, with the application of castor
oil pack instead of moxa using the Nuga mat® as the heating pad, can be a possible added therapeutic medicine to
further alleviate the symptoms of Covid-19 since castor oil has a proven antiviral activity. The heat will allow easy
penetration of the castor oil into the skin since the pores are open resulting in better absorption and faster therapeutic
activity.

2.9. Far Infrared Radiation

The Far Infrared Radiation from the Nuga bed/mat® plays a significant influence on stimulating the body’s cellular
metabolism. As such, the body’s regenerative capability rises which can produce restoration of the nervous system to
its normal and proper function. Together with the added heat, the entry of far infrared energy can be easily facilitated
inside the body as heat increases chances of absorption. With these, restoration of bodily functions to a normal state
will be facilitated. Also, far infrared radiation stimulates the repair responses and healing processes [79, 80].

3. Conclusion

According to the different studies presented and after carefully expounding on the possible alternative remedy for
Covid-19 infection, it is safe enough to conclude that the combination of far infrared radiation, heat and castor oil pack
can be a good potential in the alleviation of symptoms and treatment of Covid-19 infection. This alternative therapy
shows ample and valid claims on its efficacy on increasing blood flow and producing antiviral activity.

Compliance with ethical standards

Acknowledgments

The researcher would like to thank Centro Escolar University and San Pedro College for the support.

Disclosure of conflict of interest

No conflict of interest from the authors.

References

[1]  Abhishek Shankar, Anusha Dubey, Deepak Saini, Chandra Prakash Prasad. Role of Complementary and
Alternative Medicine in Prevention and Treatment of Covid-19: An Overhyped Hope. Chin ] Integr Med [Internet].
2020 Aug 5; 26(8): 565-567.

[2] Darnell ME, Subbarao K, Feinstone SM, Taylor D. Inactivation of the coronavirus that induces severe acute
respiratory syndrome, SARS-CoV. ] Virol Methods. PMC-NBCI [Internet]. 3 August 2004; 121(1): 85-91.

[3] Marc Cohen. Turning up the heat on Covid-19: Heat as a therapeutic intervention. PMC-NBCI [Internet]. 20 July
2020;9: 292.

[4] HondaK, InouesS. Sleep-enhancing effects of far-infrared radiation in rats. Int ] Biometeorol [Internet]. June 1988;
32:92-94.

[5] Udagawa Y, Nagasawa H. Effects of far-infrared ray on reproduction, growth, behaviour and some physiological
parameters in mice. In Vivo [Internet]. Mar-Apr 2000; 14: 321-326.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

GSC Biological and Pharmaceutical Sciences, 2021, 16(03), 001-012

Nagasawa H, Udagawa Y, Kiyokawa S. Evidence that irradiation of far-infrared rays inhibits mammary tumor
growth in SHN mice. Anticancer Res [Internet]. May-June 1999; 19: 1797-1800.

Shi-Yau Yu, Jen-Hwey Chiu, Shiaw-Der Yang, Yu-Chen Hsu, Wing-Yiu Lui, Chew-WunWu. Biological effect of far-
infrared therapy on increasing skin microcirculation in rats. Photodermatol Photoimmunol Photomed [Internet].
2006; 22: 78-86.

Lloyd BJ, Farkas BE, Keener KM. Characterization of radiant emitters used in food processing. []Microw Power
Electromagn Energy [Internet]. 14 June 2016; 38: 213-224.

Lee SC, Jeong SM, Kim SY, Nam KC, Ahn DU. Effect of far infrared irradiation on the antioxidant activity of defatted
sesame meal extracts. ] Agric Food Chem [Internet]. 9 March 2005; 53: 1495-1498.

Wei-Che Tsai, Wei-Hui Chiang, Chun-Hsien Wu, Yue-Cheng Li, et. al., miR-548aq-3p is a novel target of Far
infrared radiation which predicts coronary artery disease endothelial colony forming cell responsiveness.
Scientific Reports Natureresearch [Internet]. 22 April 2020; 10(1): 6805.

Jue-Long Wang, Yong-Chong Lin, Tai-Horng Young, Min-Huey Chen. Far-infrared ray radiation promotes neurite
outgrowth of neuron-like PC12 cells through AKT1 signaling. Journal of the Formosan Medical Association
[Internet]. February 2019; 118: 600-610.

Tzu-Chiao Lin, Chin-Sheng Lin, Tsung-Neng Tsai, Shu-Meng Cheng, Wei-Shiang Lin, et. al., Stimulatory Influence
of Far Infrared Therapy on the Transcriptome and Genetic Networks of Endothelial Progenitor Cells Receiving
High Glucose Treatment. NIH [Internet]. September 2015; 31(5): 414-28.

Shin-Wu Liu, Jui-Chih Chang, Sheng-Fei Chuang, Ko-Hung Liu, et, al. Far-infrared Radiation Improves Motor
Dysfunction and Neuropathology in Spinocerebellar Ataxia Type 3 Mice. Springer Link [Internet]. 3 May 2018;
18: 22-32.

Bashar K, Healy D, Browne LD, Kheirelseid EA, Walsh MT, Clarke M, et al. Role of far infra-red therapy in dialysis
arteriovenous fistula maturation and survival: systematic review and meta-analysis. PLoS One NIH [Internet]. 12
August 2014; 9: e104931.

Hui-Wen Chiu, Cheng-Hsien Chen, Jen-Ning Chang, Chien-Hsiung Chen, Yung-Ho Hsu. Far-infrared promotes burn
wound healing by supressing NLRP3 inflammasome caused by enhanced autophagy. ] Mol Med NIH [Internet].
11 February 2016; 94(7): 809-19.

Yuanmay Chang. The effect of far infrared radiation therapy on inflammation regulation in lipopolysaccharide-
induced peritonitis in mice. Sage Journals [Internet]. September 2018; 6.

Rawah H Elkousy, Zeinab N A Said, Mohammed A Abd El-Baseer, Salwa Abu El Wafa. Antiviral activity of castor
oil plant (Ricinus communis) leaf extracts. ] Ethnopharmacol. 10 May 2021; 271: 113878.

Jeremy Y. Ng. Global research trends at the intersection of coronavirus disease 2019 (COVID-19) and traditional,
integrative, and complementary and alternative medicine: a bibliometric analysis. BMC Complementary
Medicine and Therapies [Internet]. 23 November 2020; 20: 353.

Lin Ang, Eunhye Song, Hye Won Lee, Myeong Soo Lee. Herbal Medicine for the Treatment of Coronavirus Disease
2019 (COVID-19): A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J. Clin. Med
[Internet]. 23 May 2020; 9: 1583.

Ochuko Orakpoghenor, Talatu Patience Markus, Jamila Abdulhamid, et.al, Pathologoc Bais of Coronavirus Disease
2019 - An overview of cellular affinities, pathogenesis, clinical manifestations, autopsy findings and sequelae.
Annals of Cytology and Pathology [Internet]. 23 October 2020; 5(1): 078-083.

Rolf F. Barth, L. Maximillian Buja, Anil V. Parwani. The spectrum of pathological findings in coronavirus disease
(Covid-19) and the pathogenesis of SARS-CoV-2. Diagn Pathol [Internet]. July 2020; 14: 85.

Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular Endothelialitis, thrombosis, and angiogenesis
in Covid-19. N Engl ] Med [Internet]. 9 July 2020; 383: 120-128.

Fatma Vatansever and Michael R. Hamblin. Far Infrared Radiation (FIR): its biological effects and medical
applications. Photonics & Lasers in Medicine [Internet]. 16 October 2012; 1(4): 255-266.

Plaghki L, Decruynaere C, Van Dooren P, Le Bars D. The fine tuning of pain thresholds: a sophisticated double
alarm system. PLoS One [Internet]. 2010 April 23; 5(4): e10269.



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

GSC Biological and Pharmaceutical Sciences, 2021, 16(03), 001-012

Asher R Sheppard, Mays L Swicord, Quirino Balzano. Quantitative evaluations of mechanisms of radiofrequency
interactions with biological molecules and processes. Health Phys [Internet]. October 2008; 95(4): 365-96.

John W Elrod, David | Lefer. The Effects of Statins on Endothelium, Inflammation and Cardioprotection. Drug
News Perspect [Internet] May 2005; 18(4).

Cayatte AJ, Palacino J], Horten K, Cohen RA. Chronic inhibition of nitric oxide production accelerates neointima
formation and impairs endothelial function in hypercholesterolemic rabbits. Arterioscler Thromb [Internet]. May
1994; 14: 753-9.

Liao JK, Bettmann MA, Sandor T, Tucker ]I, Coleman SM, Creager MA. Differential impairment of vasodilator
responsiveness of peripheral resistance and conduit vessels in humans with atherosclerosis. Circ Res [Internet].
April 1991; 68: 1027-34.

Ignarro L]. Biological actions and properties of endothelium-derived nitric oxide formed and released from artery
and vein. Circ Res [Internet]. July 1989; 65: 1-21.

Garg UC, Hassid A. Nitric oxide-generating vasodilators and 8-bromo-cyclic guanosine monophosphate inhibit
mitogenesis and proliferation of cultured rat vascular smooth muscle cells. ] Clin Invest [Internet]. May 1989; 83:
1774-7.

Kubes P, Suzuki M, Granger DN. Nitric oxide: An endogenous modulator of leukocyte adhesion. Proc Nati Acad Sci
USA [Internet].1 June 1991; 88: 4651-5.

Toyokawa H, Matsui Y, Uhara ]. Promotive effects of far-infrared ray on full-thickness skin wound healing in rats.
Exp Biol Med [Internet]. 2003; 228: 724-729.

Capon A, Mordon S. Can thermal lasers promote skin wound healing? Am ] Clin Dermatol [Internet]. 2003; 4: 1-
12.

Takashi Kihara, Sadatoshi Biro, Yoshiyuki Ikeda, Tsuyoshi Fukudome, et. al., Effects of repeated sauna treatment
on ventricular arrhythmias in patients with chronic heart failure. Circ J. [Internet] December 2004; 68: 1146-
1151.

Imamura M, Biro S, Kihara T. Repeated thermal therapy improves impaired vascular endothelial function in
patients with coronary risk factors. ] Am Coll Cardiol [Internet]. October 2001; 38: 1083-1088.

Yoshiyuki Ikeda, Sadatoshi Biro, Yasuyuki Kamogawa, Shiro Yoshifuku, et. al. Repeated sauna therapy increases
arterial endotheial nitric oxide synthase expression and nitric oxide production in cardiomyopathic hamsters.
Circ]. [Internet]. Jun 2005; 69(6): 722-9.

Yu SY, Chiu JH, Yang SD, Hsu YC, Lui WY, Wu CW. Biological effect of far-infrared therapy on increasing skin
microcirculation in rats. Photodermatol Photoimmunol Photomed [Internet]. April 2006; 22: 78-86.

Lin CC, Chang CF, Lai MY, Chen TW, Lee PC, Yang WC. Far infrared therapy: a novel treatment improving access
blood flow and unassisted patency of arteriovenous fistula in hemodialysis patients. ] Am Nephrol [Internet]. Mar
2007; 18(3): 985-92.

Chih-Ching Lin, Xiao-Ming Liu, Kelly Peyton, Hong Wang, Wu-Chang Yang, Shing-Jong Lin, William Durante. Far
Infrared Therapy Inhibits Vascular Endothelial Inflammation via the Induction of Heme Oxygenase-1. AHA
Journals [Internet]. 17 January 2008; 28: 739-745.

Gabriela Oliveira, Jesse C Leverett, Mandana Emamzadeh, Majella E Lane. The Effects of heat on skin barrier
function and in vivo dermal absorption. Int | Pharm [Internet]. 10 April 2014; 464(1-2): 145-51.

Bramson ], Dayball K, Evelegh C, Wan YH, Page D, Smith A. Enabling topical immunization via microporation: a
novel method for pain-free and needle-free delivery of adenovirus-based vaccines. Gene Ther [Internet].
Ferbuary 2003; 10: 251-260.

Levin G, Gershonowitz A, Sacks H, Stern M, Sherman A, Rudaev S, Zivin I, Phillip M. Transdermal delivery of human
growth hormone through RF microchannels. Pharm. Res. [Internet]. April 2005; 22: 550-555.

Dahan S, Lagarde JM, Turlier V, Courrech L, Mordon S. Treatment of neck lines and forehead rhytids with a
nonablative 1540-nm Er:glass laser: a controlled clinical study combined with the measurement of the thickness
and the mechanical properties of the skin. Dermatol. Surg [Internet]. June 2004; 30: 872-879.

Helbig D, Paasch U. Molecular changes during skin aging and wound healing after fractional ablative
photothermolysis. Skin Res. Technol [Internet]. February 2011; 17: 119-128.

10



[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

GSC Biological and Pharmaceutical Sciences, 2021, 16(03), 001-012

Kellogg Jr DL. In vivo mechanisms of cutaneous vasodilation and vasoconstriction in humans during
thermoregulatory challenges. Journal of applied physiology [Internet]. May 2006; 100: 1709-18.

Jung-Hwan Park, Jeong-Woo Lee, Yeu-Chun Kim, Mark R Prausnitz. The effect of heat on skin permeability. Int ]
Pharm [Internet]. 9 July 2008; 359(1-2): 94-103.

Badkar AV, Smith AM, Eppstein JA, Banga AK. Transdermal delivery of interferon alpha-2B using microporation
and iontophoresis in hairless rats. Pharm. Res. [Internet]. July 2007; 24: 1389-1395.

Birchall ], Coulman S, Anstey A, Gateley C, Sweetland H, Gershonowitz A, Neville L, Levin G. Cutaneous gene
expression of plasmid DNA in excised human skin following delivery via microchannels created by radio
frequency ablation. Int. ]. Pharm [Internet]. 7 April 2006; 312: 15-23.

Sintov AC, Krymberk I, Daniel D, Hannan T, Sohn Z, Levin G. Radiofrequency-driven skin microchanneling as a
new way for electrically assisted transdermal delivery of hydrophilic drugs. ]. Control. Release [Internet]. 29 April
2003; 89: 11-320.

Fang ]JY, Lee WR, Shen SC, Wang HY, Fang CL, Hu CH. Transdermal delivery of macromolecules by erbium: YAG
laser. ]. Control Release [Internet]. 5 November 2004; 100: 75-85.

Fujiwara A, Hinokitani T, Goto K, Arai T. Partial ablation of porcine stratum corneum by argon-fluoride excimer
laser to enhance transdermal drug permeability. Laser Med. Sci [Internet]. 2005; 19: 210-217.

Lee WR, Shen SC, Lai HH, Hu CH, Fang JY. Transdermal drug delivery enhanced and controlled by erbium:
YAGlaser: a comparative study of lipophilic and hydrophilic drugs. J. Control. Release [Internet]. 10 July 2001; 75:
155-166.

Jinsong Hao, Priyanka Ghosh, S. Kevin Li, Bryan Newman, Gerald B Kasting, Sam G Raney. Heat effects on drug
delivery across human skin, Expert Opinion on Drug Delivery. Expert Opinion [Internet]. 25 January 2016; 13(5):
755-68.

Gazerani P, Arendt-Nielsen L. Cutaneous vasomotor reactions in response to controlled heat applied on various
body regions of healthy humans: evaluation of time course and application parameters. Int ] Physiol Pathophysiol
Pharmacol [Internet]. 30 September 2011; 3: 202-2009.

Wood DG, Brown MB, Jones SA. Understanding heat facilitated drug transport across human epidermis. Eur ]
Pharm Biopharm [Internet]. August 2012; 81: 642-9.

Petersen KK, Rousing ML, Jensen C, et al. Effect of local controlled heat on transdermal delivery of nicotine. Int ]
Physiol Pathophysiol Pharmacol [Internet]. 30 September 2011; 3: 236-242.

Kellogg DL Jr, Liu Y, Kosiba IF, et al. Role of nitric oxide in the vascular effects of local warming of the skin in
humans. ] Appl Physiol [Internet]. April 1999; 86: 1185-1190.

Charkoudian N. Skin blood flow in adult human thermoregulation: how it works, when it does not, and why. Mayo
Clin Proc [Internet]. May 2003; 78: 603-12.

Pérgola PE, Kellogg DL Jr, Johnson JM, et al. Role of sympathetic nerves in the vascular effects of local temperature
in human forearm skin. Am ] Physiol [Internet]. September 1993; 265: H785-92.

Stephens DP, Charkoudian N, Benevento JM, et al. The influence of topical capsaicin on the local thermal control
of skin blood flow in humans. Am ] Physiol Regul Integr Comp Physiol [Internet]. September 2001; 281: R894-
901.

Charkoudian N, Eisenach JH, Atkinson JL, et al. Effects of chronic sympathectomy on locally mediated cutaneous
vasodilation in humans. ] Appl Physiol [Internet]. February 2002; 92: 685-690.

Minson CT, Berry LT, Joyner MJ. Nitric oxide and neutrally mediated regulation of skin blood flow during local
heating. ] Appl Physiol [Internet]. October 2001; 91: 1619-1626.

Sarfaraz Khan Marwat, Fazalur Rehman, Ejaz Ahmad Khan, Mohammad Safdar Baloch, Muhammad Sadiq, Imdad
Ullah, Sadaf Javaria, Salma Shaheen. Review - Ricinus communis - Ethnomedicinal use and Pharmacological
Activities. Pak ] Pharm Sci [Internet]. September 2017; 30(5): 1815-1827.

Rawah H Elkousy, Zeinab N A Said, Mohamed A Abd El-Baseer, Salwa A Abu El Wafa. Antiviral activity of castor
oil plant (Ricinus communis) leaf extracts. ] Ethnopharmacol [Internet]. 10 May 2021; 271: 113878.

11



[65]

[66]

[67]
[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

GSC Biological and Pharmaceutical Sciences, 2021, 16(03), 001-012

Marwat, Sarfaraz, Rehman, Fazal, Khan, Ejaz Ahmad Baloch, Mohammad Sadigq, Muhammad Ullah Khan, Dr.
Imdad Shaheen, Salma. Ricinus cmmunis: Ethnomedicinal uses and pharmacological activities. Pakistan Journal
of Pharmaceutical Sciences [Internet]. September 2017; 30: 1815-1827.

Shrirame H, Panwar N, Bamniya B. Bio diesel from castor oil—a green energy option. Low Carbon Econ [Internet].
January 2011; 2: 1-6.

Dunford NT. Food and Industrial Bioproducts and Bioprocessing. John Wiley & Sons [Internet]. April 2012; 392.

Patel et al. Castor Oil: Properties, Uses, and Optimization of Processing Parameters in Commercial Production.
Lipid Insights [Internet]. 7 September 2016; 9: 1-12.

Suliman, Mohamed. Antibacterial and Fatty Acid of Sudanese Castor Bean (Ricinus communis L) Seed Oil. Arabian
Journal of Medicinal & Aromatic Plants [Internet]. 2018 March.

Ntsako Portia Chauke, Hembe Elie Mukaya, Diakanua Bavon Nkazi. Chemical modifications of castor oil: A review.
Science Progress [Internet]. 10 July 2019.

Sands JA. Inactivation and Inhibition of Replication of the Enveloped Bacteriophage 6 by Fatty Acids.
Antimicrobial Agents and Chemotherapy [Internet]. October 1997; 12(4): 523-528.

Hilmarsson H, Kristmundsdottir T, Thormar H. Virucidal activities of medium- and long-chain fatty alcohols, fatty
acids and monoglycerides against herpes simplex virus types 1 and 2: comparison at different pH levels. APMIS
[Internet]. January 2005: 113: 58-65.

Dichtelmuller H, Rudnick D, Kloft M. Inactivation of lipid enveloped viruses by octanoic Acid treatment of
immunoglobulin solution. Biologicals [Internet]. June 2002; 30: 135-42.

Pingen M, Bryden SR, Pondeville E, Schnettler E, Kohl A, Merits A, Fazakerley JK, Graham GJ], Mckimmie CS. Host
Inflammatory Response to Mosquito Bites Enhances the Severity of Arbovirus Infection. Immunity [Internet]. 21
June 2016; 44: 1455-69.

Nicola F Fletcher, Luke W Meredith, Emma Tidswell, et. al. A novel antiviral formulation inhibits a range of
enveloped viruses. Journal of General Virology [Internet]. 30 March 2020.

Maheen M. Adamson, Odette A. Harris. Reference Module in Neuroscience and Biobehavioral Psychology. Brain
Injury in Medicine. 2020.

Nuga Best Americans Incorporated. Nuga Best Health Love Service. 8 August 2021.

Judith M Schlaeger, Cynthia L Stoffel, Jeanie L Bussell, Hui Yan Cai, Miho Takayama, Hiroyoshi Yajima, Nobuari
Takakura. Moxibustion for Cephalic Version of Breech Presentation. ] Midwifery Womens Health [Internet]. 18
May 2018; 63(3): 309-322.

Belen Unique Technology for Natural Healing. Far Infrared + HEAT + Terahertz + Unique technic = Dr. Kazuko’s
Onnetsu Therapy.

Do-Won Kim, DaeWoon Lee, Joergen Schreiber, Chang-Hwan Im, Hansung Kim. Integrative Evaluation of
Automated Massage Combined with Thermotherapy: Physical, Physiological, and Psychological Viewpoints.
BioMed Research International [Internet]. September 2016; 28: 8.

12



