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Ultraviolet Irradiation of Blood: 
“The Cure That Time Forgot”?

Michael R. Hamblin

Abstract

Ultraviolet blood irradiation (UBI) was extensively used in the 1940s and 
1950s to treat many diseases including septicemia, pneumonia, tuberculosis, 
arthritis, asthma and even poliomyelitis. The early studies were carried out 
by several physicians in USA and published in the American Journal of 
Surgery. However with the development of antibiotics, UBI use declined 
and it has now been called “the cure that time forgot”. Later studies were 
mostly performed by Russian workers and in other Eastern countries and the 
modern view in Western countries is that UBI remains highly 
controversial.

This chapter discusses the potential of UBI as an alternative approach to 
current methods used to treat infections, as an immune-modulating therapy 
and as a method for normalizing blood parameters. No resistance of micro-
organisms to UV irradiation has been reported, and multi-antibiotic resis-
tant strains are as susceptible as their wild-type counterparts. Low and mild 
doses of UV kill microorganisms by damaging the DNA, while any DNA 
damage in host cells can be rapidly repaired by DNA repair enzymes. 
However the use of UBI to treat septicemia cannot be solely due to 
UV-mediated killing of bacteria in the blood-stream, as only 5–7% of blood 
volume needs to be treated with UV to produce the optimum benefit. UBI 
may enhance the phagocytic capacity of various phagocytic cells (neutro-
phils and dendritic cells), inhibit lymphocytes, and oxidize blood lipids. 
The oxidative nature of UBI may have mechanisms in common with ozone 
therapy and other oxygen therapies. There may be some similarities to 
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extracorporeal photopheresis (ECP) using psoralens and UVA irradiation. 
However there are differences between UBI and ECP in that UBI tends to 
stimulate the immune system, while ECP tends to be immunosuppressive. 
With the recent emergence of bacteria that are resistant to all known antibi-
otics, UBI should be more investigated as an alternative approach to infec-
tions, and as an immune-modulating therapy.
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25.1	 �Historical Introduction

Ultraviolet (UV) radiation is part of the electro-
magnetic spectrum with a wavelength range 
(100–400  nm) shorter than that of visible light 
(400–700 nm), but longer than x-rays (<100 nm). 
UV radiation is divided into four distinct spectral 
areas including vacuum UV (100–200 nm), UVC 
(200–280  nm), UVB (280–315  nm) and UVA 
(315–400 nm). Only part of UVB and UVA can 
reach on earth, because wavelengths shorter than 
280 nm are filtered out by the atmosphere espe-
cially by the “ozone layer”.

In 1801 Johann Wilhelm Ritter, a Polish phys-
icist working at the University of Jena in Germany 
discovered a form of light beyond the violet end 
of the spectrum that he called “Chemical Rays” 
and which later became “Ultraviolet” light [1]. In 
1845, Bonnet [2] first reported that sunlight could 
be used to treat tuberculosis arthritis (a bacterial 
infection of the joints).

In the second half of the nineteenth century, 
the therapeutic application of sunlight known as 
heliotherapy gradually became popular. In 1855, 
Rikli from Switzerland opened a thermal station 
in Veldes in Slovenia for the provision of helio-
therapy [3]. In 1877, Downes and Blunt discov-
ered by chance that sunlight could kill bacteria 
[4]. They noted that sugar water placed on a 
window-sill turned cloudy in the shade but 
remained clear while in the sun. Upon micro-
scopic examination of the two solutions, they 
realized that bacteria were growing in the shaded 
solution but not in the one exposed to sunlight.

In 1904, the Danish physician Niels Finsen 
was awarded the Nobel Prize in Physiology or 

Medicine for his work on UV treatment of various 
skin conditions. He had a success rate of 98% in 
thousands of cases, mostly the form of cutaneous 
tuberculosis known as lupus vulgaris [5]. Walter 
H Ude reported a series of 100 cases of erysipelas 
(a cutaneous infection caused by Streptococcus 
pyogenes) in the 1920s, with high cure rates using 
irradiation of the skin with UV light [6].

Emmett K Knott (Fig.  25.1) in Seattle, WA 
reasoned that the beneficial effects of UV irradia-
tion to the skin obtained by Ude, might (at least 

Fig. 25.1  Emmett K Knott
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partly) be explained by the irradiation of blood 
circulating in the superficial capillaries of the 
skin. With his collaborator Edblom, an irradia-
tion chamber was constructed to allow direct 
exposure of the blood to UV.  The irradiation 
chamber was circular and contained a labyrin-
thine set of channels that connected the inlet and 
outlet ports. All these channels were covered 
with a quartz window that formed the top of the 
chamber. The irradiation chamber was so 
designed as to provide maximum turbulence of 
the blood flowing through (see Fig.  25.2). This 
was done in order to: (a) prevent the formation of 
a thin film of blood on the chamber window that 
would absorb and filter out much of the UV light; 
(b) insure that all the blood passing through the 
chamber was equally exposed to UV [7].

Knott and co-workers then carried out a series 
of experiments using UV irradiation of blood 
extracted from dogs that had been intravenously 
infected with Staphylococcus aureus bacteria and 
hemolytic Streptococcus species, and then the 
treated blood was reinfused into the dogs. They 
found that it was unnecessary to deliver a suffi-
cient exposure of UV light to the blood to direc-
tory kill all the bacteria in the circulation. It was 
also found unnecessary to expose the total blood 
volume in the dogs. The optimum amount of 
blood to be irradiated was determined to be only 
5–7% of the estimated blood volume or approxi-
mately 3.5 mL per kg of body weight. Exceeding 
these limits led to loss of the benefits of the ther-
apy. All the dogs that were treated with the opti-
mized dose of UV to the blood, recovered from 
an overwhelming infection (while many dogs in 
the control group died). None of the dogs that 
were treated and survived, showed any long-term 
ill effects after 4 months of observation [7].

The first treatment on a human took place in 
1928 when a patient was determined to be in a 
moribund state after a septic abortion compli-
cated by hemolytic streptococcus septicemia. 
UBI therapy was commenced as a last resort, and 
the patient responded well to the treatment and 
made a full recovery [7]. She proceeded to give 
birth to two children.

Hancock and Knott [8] had similar success in 
another patient suffering from advanced hemo-

lytic streptococcal septicemia. These workers 
noted that in the majority of cases, a marked cya-
nosis (blue tinge to the skin caused by a lack of 
oxygenated blood flow) was present at the time 
of initiation of UBI. It was noted that during (or 
immediately following) the treatment a rapid 
relief of the cyanosis occurred, with improve-
ment in respiration accompanied by a noticeable 
flushing of the skin, with a distinct loss of pallor.

These observations led to application of UBI 
in patients suffering from pneumonia. In a series 
of 75 cases in which the diagnoses of pneumonia 
were confirmed by X-rays, all patients responded 
well to UBI showing a rapid decrease in tempera-
ture, disappearance of cyanosis (often within 
3–5  min), cessation of delirium if present, a 
marked reduction in pulse rate and a rapid resolu-
tion of pulmonary consolidation. A shortening of 
the time of hospitalizations and accelerated con-
valescence was regularly observed.

The knowledge gained in these successful 
studies led to the redesign of the irradiation 
chamber to allow a more thoroughly uniform 
exposure of the circulating blood, and led to the 
development of the “Knott Technic of Ultraviolet 
Blood Irradiation.” A number of irradiation units 
were manufactured and placed in the hands of 
physicians interested in the procedure, so that 

Fig. 25.2  The Knott Hemo-Irradiator
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more extensive clinical data could be accumu-
lated [7]. The Knott technique involved removing 
approximately 3.5 mL/kg venous blood, citrating 
it as an anticoagulant, and passing it through the 
radiation chamber. The exposure time per given 
unit of blood was approximately 10 s, at a peak 
wavelength of 253.7 nm (ultraviolet C) provided 
by a mercury quartz burner, and the blood was 
immediately re-perfused [7].

George P Miley at the Hahnemann Hospital, 
Philadelphia, PA published a series of articles on 
the use of the procedure in the treatment of 
thrombophlebitis, staphylococcal septicemia, 
peritonitis, botulism, poliomyelitis, non-healing 
wounds, and asthma [9–22].

Henry A Barrett at the Willard Parker Hospital 
in New York City in 1940 reported on 110 cases 
including a number of different infections. Twenty-
nine different conditions were described as being 
responsive, including the following: infectious 
arthritis, septic abortion, osteoarthritis, tuberculo-
sis glands, chronic blepharitis, mastoiditis, uveitis, 
furunculosis, chronic paranasal sinusitis, acne vul-
garis, and secondary anemia [23, 24].

EV Rebbeck at the Shadyside Hospital in 
Pittsburgh, PA, reported the use of UBI in 
Escherichia coli septicemia, post-abortion sepsis, 
puerperal sepsis, peritonitis, and typhoid fever 
[25–29] and Robert C Olney at the Providence 
Hospital, Lincoln, NE, treated biliary disease, 
pelvic cellulitis and viral hepatitis [30–32].

In this chapter, we will discuss the mechanisms 
and the potential of UBI as an alternative approach 
to infections and as a new method to modulate the 
immune system. Our goal is to remind people to 
continue to do more research and explore more 
clinical uses. The topics include the efficacy of 
UBI for infections (both bacterial and viral), to cure 
autoimmune disease, disease, and the similarities 
and differences between UBI, and intravenous 
ozone therapy, and extracorporeal psoralen-medi-
ated photochemotherapy (photophoresis).

25.2	 �Mechanisms of Action of UBI

One of the major obstacles that UBI has consis-
tently faced throughout the almost 90 years since 
the first patient was treated has been the lack of 

understanding of the mechanisms of action. Over 
the years its acceptance by the broad medical com-
munity has been hindered by this uncertainty. 
Confusion has been caused by the widely held 
idea that since UV is used for sterilization of water 
and surgical instruments; therefore its use against 
infection must also rely on UV-mediated direct 
destruction of pathogens. Another highly confus-
ing aspect is the wide assortment of diseases, 
which have been claimed to be successfully treated 
by UBI.  It is often thought that something that 
appears to be “too good to be true” usually is.

UBI affects various functions of red blood 
cells and various different leukocytes as has been 
proven in various in  vitro studies. A common 
model is stimulator cells in mixed leukocyte cul-
tures; another is helper cells in mitogen-stimulated 
cultures. UV also reversed cytokine production 
and blocked cytokine release. UV can also dis-
turb cell membrane mobilization (Fig. 25.3).

25.2.1	 �Effects on Red Blood Cells

Anaerobic conditions strongly inhibited the pro-
cess by which long wave UV light induces the 
loss of K+ ions from red blood cells. Kabat proved 
that UV-irradiation could affect the osmotic 
properties of red blood cells, the submicroscopic 
structure and the metabolism of adenine nucleo-
tides. Irradiation times (60, 120, 180, 240 and 
300  minutes) were used; during the irradiation, 
ATP decreased while the amounts of ADP, AXP, 
adenine compounds all increased. UV also 
increased hypotonic Na + and K+ ion exchange 
and the hematocrit value increased [33].

When Rh-positive blood was irradiated with 
UV light there was a significant increase in 
immunosorption activity. Vasil’eva et  al. [34] 
studied varying UV irradiation conditions on 
both red blood cells and leucocyte-thrombocyte 
suspensions. Immunosorption activity increased 
immediately after irradiation in whole blood and 
red blood cells; however the immunosorption 
capacity in leucocyte–thrombocyte suspensions 
was lost after 2 days.

A two-phase polymer system containing poly-
dextran was used to show that the cell surface of 
circulating erythrocytes was reduced after UV 
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irradiation. This contributed to the prolongation 
of survival of transfused erythrocytes and was 
suggested to explain the more effective therapeu-
tic activity of autotransfused blood [35]. Snopov 
et al. suggested that some structural alterations in 
the erythrocytes, particularly in the glycocalyx 
were related to the improved effect of autotrans-
fused blood after UV-irradiation [36]. Ichiki et al. 
showed that the cellular volume and the mem-
brane potential of erythrocytes could be changed 
by UV irradiation. However an excessive dose of 
UV could decrease the production of H2O2 [37].

25.2.2	 �Effects on Neutrophils

Lower doses of UV (<0.1  J/cm2) increased the 
production of peroxides (H2O2) by 
polymorphonuclear leukocytes (which is the larg-
est amongst all the different blood cells). The 
ability of UBI to increase the production of reac-
tive oxygen species (ROS) by neutrophils could 
be inhibited by addition of arachidonic acid or 
lysophosphatidylcholine (LPC), as well as the 
anti-oxidant, α-tocopherol [38]. In chronic inflam-

matory diseases, the concentration of large IC--
IgG, IgM, and small IC–IgM showed an inverse 
linear correlation with increased UBI dose deliv-
ered to autotransfused blood [39].

Artiukhov suggested that the generation of 
nitric oxide (NO) by photomodified neutrophils 
was due to the activation of the iNOS enzyme. De 
novo NO synthesis was increased by 
UV-irradiation, which also affected TNF-alpha 
production. Irradiation with lower dose (75.5 J/
m2) allowed the maintenance of the physiologi-
cal homeostasis. While higher dose (755 and 
2265 J/m2) delivered to neutrophils led to poten-
tial damage, by increasing the concentration of 
NO metabolites. When UV-irradiated cells were 
incubated with the transcriptional inhibitor of 
protein synthesis, cycloheximide the activation of 
iNOS and NO synthesis was prevented. High 
doses of UV-irradiation (755  J/m2) on neutro-
phils, showed a positive correlation between NO 
and TNF-alpha concentrations [40].

Zor’kina carried out a 30-day rabbit experiment, 
and suggested that the chronic stress produced with 
a combination of hypodynamia and UBI, affected 
neutrophils and eliminated coagulation. UBI con-

Fig. 25.3  Proposed mechanisms of UBI
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tributed to improvement in the body’s abilities to 
resist long-term hypodynamia and ameliorated 
chronic stress. UBI enhanced the adaptive process 
through activated neutrophils, prevented dissemi-
nated intravascular coagulation, and changed the 
atherogenic metabolic profile [41].

25.2.3	 �Effects on Lymphocytes 
(T-Cells and B-Cells)

UBI generally decreases lymphocyte viability. 
UVC irradiation is the most effective among the 
three UV spectral regions. UVB and UVC irra-
diation can abolish the proliferative and stimula-
tory ability as well as the accessory/
antigen-presenting ability of lymphocytes 
in  vitro. The cell-surface properties, calcium 
mobilization, cytokine production and release, 
and other sub cellular processes could all be 
changed by UV irradiation [42]. Areltt et al. used 
the “Comet “assay to detect DNA-strand break-
age (single cell gel electrophoresis) as an indica-
tor of excision repair to prove that circulating 
human T–lymphocytes were exquisitely hyper-
sensitive to the DNA-damaging and lethal effects 
of UV-B radiation, raising the possibility that 
UV-B may make a contribution to immunosup-
pression via a direct effect on extracapilliary T- 
lymphocytes [43].

Teunissen et al. suggested that UVB radiation 
neither selectively affects either Th1 or Th2 nor 
CD4 or CD8 T-cell subsets. Compared with dif-
ferent dose of UVB irradiation, although the pho-
totoxic effect was not immediately apparent, a 
low dose of UVB (LD50: 0.5–1 mJ/cm2) irradia-
tion was sufficient to kill most T cells after 
48–72 h [44]. There was a dose dependent reduc-
tion in all measured cytokines (IL-2, IL-4, IL-5, 
IFN-ɤ, TNF-a) in the same way 72 h after irradia-
tion. This fall in production was indicated by a 
remarkable correlation between loss of viability 
and reduction of cytokine production that may be 
caused directly by cell death. However, CD4+ or 
CD8+ T cell subsets, expression of CD4 and 
CD8 as well as the CD4/CD8 ratio compared 
with the non-irradiated control, was not altered 

by UVB, suggesting that none of the T-cell sub-
sets was selectively affected.

Schieven et  al. observed that UV-induced 
tyrosine phosphorylation in B cells after surface 
immunoglobulin cross-linking. This observation 
was very similar to the production of Ca2+ signals 
in T cells. It means that UV irradiation of lym-
phocytes could induce both tyrosine phosphory-
lation and Ca2+ signals. Ca2+ channels in 
lymphocyte membranes are sensitive to UV irra-
diation; UV radiation causes DNA damage 
through the activation of cellular signal-
transduction processes. UV radiation (depending 
on dose and wavelength) not only induces tyro-
sine phosphorylation in lymphocytes but also 
Ca2+ signals in Jurkat T cells. Furthermore, the 
pattern of surface immunoglobulin cross-linking 
was similar to the UV-induced tyrosine phos-
phorylation in B cells. The UBI effect on lym-
phocyte function may play an important role in 
tyrosine phosphorylation and Ca2+ signals, which 
can escape from normal receptor control. They 
showed that both CD4+ and CD8+ T cells (nor-
mal human lymphocytes) gave strong reactions 
during UV-irradiation [45].

In a similar study, Spielberg et al. found that 
UV-induced lymphocyte inhibition showed a sim-
ilar course in disruption of Ca2+ homeostasis by 
comparing UV with gamma irradiation, which 
have different effects on lymphocyte membranes 
[46]. Furthermore, the presence of Ca2+ channels 
in lymphocyte membranes that are sensitive to 
UV irradiation was shown by indo-1 staining and 
cytofluorometry. Intracellular calcium [Ca2+]i 
kinetics was measured in UVC or UVB-exposed 
human peripheral blood leukocytes (PBL) and 
Jurkat cells were in parallel with functional 
assays. The UV-induced i[Ca2+] rise was predomi-
nantly due to an influx of extracellular calcium, 
and it was more pronounced in T-cells than in 
non-T cells. It was observed that [Ca2+]i increased 
within 2–3 h of irradiation; these increases were 
UV-dose dependent and reached maxima of 240% 
and 180% above the baseline level (130 nM) for 
UVB and UVC. UV induced a bigger [Ca2+]i rise 
in T-cells than in non-T cells, due to the influx of 
extracellular calcium. UV-induced calcium shifts, 
and UV irradiation on the plasma membrane 
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decreased the sensitivity to respond to phytohe-
magglutinin (PHA) in mixed leukocyte cultures.

A series of studies confirmed that UVR irradi-
ated lymphocytes were not able to induce alloge-
neic cells in the mixed lymphocyte culture (MLC) 
as first reported by Lindahl-kiessling. [47–49]. 
Clusters formed by specialized accessory cells 
after mitogenic or allogenic stimulation, with 
dendritic cells (DC) are necessary for lympho-
cyte activation to occur. Aprile found that UV 
irradiation of DC before culture completely abro-
gated accessory activity was capable to block 
both cluster formation and no lymphocyte prolif-
eration occurred [50].

Kovacs et  al. [51] found that induction of 
DNA repair mechanisms was dependent on the 
dose of UVC light between 2 and 16 J/cm2. It was 
evaluated in irradiated and non-irradiated lym-
phocytes in 51 healthy blood donors. UVC irra-
diation (253.7 nm) at doses of 2, 4, 8 and 16 J/m2, 
by measuring [3H] thymidine incorporation in the 
presence of 2  mM hydroxyurea added 30  min 
before irradiation to inhibit DNA-replication 
synthesis. No significant age-related difference 
was found in donors between 17 and 74 years.

UV-induced differentiation in human lympho-
cytes, and accelerated the intensity of DNA repair 
in these cells [52]. Exposure to UV irradiation was 
more effective than methyl methane sulfonate 
(MMS) in increasing unscheduled DNA synthesis, 
especially when MMS was added prior to the 
UV-irradiation, at 2 h or 26 h before UVC, because 
MMS affects DNA repair by alkylating the DNA 
polymerase [53]. Photo-modification of HLA-D/
DR antigens could be a trigger mechanism for acti-
vation of immunocompetent cells by UV-irradiation. 
Lymphocytes were isolated from non-irradiated 
blood, irradiated blood and a mixture of the two in 
different ratios (1:10,1:40,1:160) [54].

UBI before transfusion can inhabit immune 
recognition and prevent bone marrow graft rejec-
tion in vivo. After 9.2 Gy of total body irradiation 
(TBI) and 2.8 ± 2.1 × 108/Kg donor marrow cells 
were infused, whole blood was exposed for 
30 minutes to UV light at a dose of 1.35 J/cm2, 
and then injected into the recipient dogs. The 
control group, which was transfused with sham-
exposed blood, rejected the bone marrow grafts, 

while no rejection was found in the group, which 
received UV-exposed blood before the trans-
planted marrow. UV irradiation on blood inhib-
ited lymphocyte activation by eliminating a 
critical DC-dependent signal [55].

Oluwole et  al. suggested that transfusion of 
UV-irradiated blood into recipients prior to heart 
transplantation could be carried out, in order to 
inhibit immune response, and reduce lymphocyte-
mediated rejection [56]. Three sets of different 
rat strains (ACI, Lewis, W/F) were used for heart 
transplantation in his research. In the series where 
ACI rats received a Lewis heart, 1 mL transfusion 
of donor-type blood with or without 
UV-irradiation was transfused at 1, 2, and 
3  weeks prior to the transplantation. A mixed 
lymphocyte reaction showed that ACI lympho-
cytes were weaker responders to Lewis lympho-
cytes, and the same as the other two series of 
different type heart transplantations. UV irradia-
tion of donor rhesus-positive blood can be used to 
increase the therapeutic effect of blood exchange 
transfusion in children with rhesus-conflict 
hemolytic disease [57].

25.2.4	 �Effects on Monocytes, 
Macrophages and Dendritic 
Cells

All these types of blood cells including mono-
cytes, macrophages and dendritic arise from the 
myelocytic lineage of hematogenous stem cells, 
and act as phagocytes and antigen presenting 
cells. The phagocytic capacity of UV-B irradiated 
mononuclear cells derived from human periph-
eral blood could be enhanced by all four types of 
deoxyribonucleoside supplementation [58].

Stimulation of phagocytic activity (PhA) 
appears to be one of the earliest mechanisms in 
immuno-correction by UV-irradiation of blood 
therapy. In Samoĭlova’s research, non-irradiated 
blood, mixed with 1:10 irradiation blood, were 
tested for PhA of monocytes and granulocytes. 
Increase of 1.4–1.7 times of PhA compare with 
non-supplemented blood, because monocytes 
and granulocytes could be increase by adding 
UV-irradiated blood into healthy adults. The 
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enhancement of PhA depends on its initial level 
and may occur simultaneously with structural 
changes of the cell surface components [59].

UV-irradiation increased the phagocytic activ-
ity of human monocytes and granulocytes, and 
the “integrated phagocytic index” increased in 
proportion to the irradiation dose, while a lower 
initial level would increase more than a higher 
initial rate after UV-irradiation [60].

Simon et al. [61] concluded that UVB could 
convert Langerhans cells (LC) or splenic adher-
ent cells (SAC) from an immunogenic phenotype 
into a tolerogenic phenotype, as far as antigen 
presenting cells were concerned (LC or SAC). In 
his research, a single dose of irradiation (200 J/
cm2) was delivered to LC and SAC. The loss of 
responsiveness was found when UV-LC or 
UV-SAC were incubated with Th1 cells that had 
been pre-incubated with keyhole limpet hemo-
cyanin (KLH). Furthermore, such loss of respon-
siveness was not related to the release of soluble 
suppressor factors, but was Ag-specific, MHC-
restricted, and long-lasting. The hypothesis to 
explain these results was that delivery of a 
costimulatory signal(s) had been interfered with 
by UVB irradiation, because unresponsiveness 
by UVB-LC or UVB-SAC could not be induced 
by non-irradiated allogeneic SAC.

25.2.5	 �Effects on Platelets

H2O2 production in platelets is low at very low 
UV dose, but it increased suddenly as the dose 
increased above 0.4  J/cm2. Pamphilon reported 
that platelet concentrates (PC) could become 
non-immunogenic after UVR and after being 
stored for 5 days in DuPont Stericell containers. 
Lactate levels, β-thromboglobulin and platelet 
factor were higher after UV, while glucose levels 
decreased with an irradiation dose of 3000 J/m2 
at a mean wavelength of 310  nm applied in 
DuPont Stericell bags [62]. Ultraviolet B (UVB) 
irradiation of platelet concentrate (PC) acceler-
ated downregulation of CD14 and nonspecifi-
cally increased the loss of monocytes by 
inhibiting the upregulation of ICAM-1 and 
HLA-DR [63]. However, UV irradiation of plate-

let concentrates produced a reduction of immu-
nological response in a cell suspension [64–66].

25.2.6	 �Effects on Low Density 
Lipoprotein (LDL) and Lipids

Roshchupkin et  al. found that UV irradiation 
played a core role in lipid peroxidation in the 
membranes of blood cells [67]. UV irradiation of 
blood could stimulate arachidonic acid to be 
metabolized by cyclooxygenase, and could 
induce dark lipid autoperoxidation into free 
radicals and direct photolysis of photooxidants. 
UV contributed to lipid photoperoxidation pro-
ducing lipid hydroperoxides.

UV irradiated lipid emulsion greatly enhanced 
the production of reactive oxygen species (ROS) 
by monocytes, and highly atherogenic oxidized 
LDL could be generated in the blood circulation. 
UV light-oxidized lipofundin (a parenteral lipid 
emulsion designed for injection) was injected 
into rabbits, then blood samples were taken from 
the ear vein with EDTA (before and 6  h after) 
lipofundin treatment. Although UV-oxidized 
lipofundin induced less chemiluminescence from 
monocytes compared with Fe3+−oxidized lipofun-
din, the effect lasted 2.3 times longer. UV–oxi-
dized lipofundin could more effectively stimulate 
H2O2 production than monocyte-oxidized LDL, 
even with the same concentration of thiobarbitu-
ric acid reactive substances (TBARS) in the prep-
arations. Six hours after injection of oxidized 
lipofundin, the lipid peroxide content was signifi-
cantly increased, however the neutral lipids in 
LDL isolated from rabbit plasma showed no sig-
nificantly difference to the monocyte-oxidized 
human LDL [68].

Salmon found that UVB (280–315 nm) irra-
diation could easily damage LDL and also the 
tryptophan (Trp) residues in high density lipopro-
tein (HDL) [69]. The TBARS assay was used to 
measure the photooxidation of tryptophan resi-
dues which accompanied the peroxidation of low 
and high density lipoprotein unsaturated fatty 
acids. Vitamin E and carotenoids were also rap-
idly destroyed by UVB. However UVA radiation 
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could not destroy tryptophan residues and cause 
lipid peroxidation.

UV radiation (wavelength range 290–385 nm) 
easily oxidized the lipoproteins contained in the 
suction blister fluid of healthy volunteers, which 
is a good model of the interstitial fluid feeding the 
epidermal cells. Apolipoprotein B of LDL and 
apolipoprotein A-I and II of HDL were all altered 
in a similar way under UV irradiation. Irradiation 
with wavelengths in the range 290–385 nm altered 
the single Trp (tryptophan) residue of serum albu-
min which is susceptible to photo-oxidation. UVA 
irradiation of undiluted suction blister fluid 
induced A-I aggregation; however purified lipo-
proteins were not degraded. During UV irradia-
tion of suction blister fluid, antigenic 
apolipoprotein B is fragmented and polymerized. 
Reactive oxygen radicals in the suction blister 
fluid were derived from lipid peroxidation occur-
ring in HDL. UV-light irradiation could play an 
important role in triggering inflammation and 
degeneration by inducing lipoprotein photo-oxi-
dation which could have systemic effects [70].

25.2.7	 �Redox Status

Artyukhov et  al. [71] discovered that dose-
dependent UV-irradiation could activate the 
myeloperoxidase (MPO) and the NADPH-
oxidase systems in donor blood. Two doses of 
UV-light were used (75.5 and 151.0 J/m2) and the 
higher dose activated more free radicals and H2O2 
than the lower dose, another two groups were 
divided by the type of relationship between MPO 
activity and UV light dose (from 75.5 to 1510 J/
m2), low enzyme activity (group 1) increased 
under the effect of UV exposure at doses of 75.5 
and 151.0 J/m2, while in group 2 this parameter 
(MPO activity) decreased. MPO activity showed 
the same results in dose dependent UV-irradiation, 
however, increasing the dose to 1510 J/m2 could 
not increase the activity of MPO.  In the next 
experiments, lipid peroxidation (LPO) was eval-
uated after UV exposure of the blood. Two groups 
of donors were distinguished by the relationship 
between blood content of LPO products and UV 
exposure dose. UV irradiation at low doses 

(75.5–151.0  J/m2) decreased initially high LPO 
values and increased initially low LPO levels. In 
phagocytes, NADPH-oxidase plays one of the 
most important roles as a photoacceptor for UV 
light. NADPH oxidase causes increased superox-
ide (O2•—) production after UV-irradiation of 
blood by activation of the enzyme complex. UV 
irradiation also decreases intracellular pH caused 
by activation of the NADPH-oxidase complex.

UBI can also protect against free radical dam-
age by elevating the activity of various antioxi-
dants after spinal cord injury in rabbits, 186 
rabbits were randomly divided into 4 groups, 
(control, blood transfusion, injured and UV treat-
ment). UV irradiation (wavelength 253.7  nm, 
5.68 mW/m2) was used in the treatment group at 
48–72 h after surgery for spinal cord injury. Free 
radical signals (FR), malondialdehyde (MDA), 
superoxide dismutase (SOD) and glutathione 
peroxidase (GSH-PX) were measured. In the 
treatment group, superoxide dismutase and gluta-
thione peroxidase were much increased and 
showed significant differences compared with the 
other groups, while FR and MDA decreased sig-
nificantly compared to other groups. Because UV 
irradiation of blood decreased the MDA and FR 
content in spinal cord tissue; they also suggested 
that these two factors contributed to higher SOD 
activity and increased GSH-PX [72].

25.2.8	 �Conclusions 
Regarding Mechanisms

UBI has always caused much confusion, both in 
the general public and also in some medical pro-
fessionals, because germicidal UV light (UVC) is 
used to sterilize water, disinfect surfaces, and as 
an aid to infection control in operating rooms, and 
food processing and packaging plants. Many peo-
ple therefore assume that UBI must act by killing 
pathogens (bacteria, viruses or other microorgan-
isms) circulating in the bloodstream. However 
there is no evidence that this is actually the case. 
Therefore the mechanisms of action must lie in 
some other action of UV on the various compo-
nents of blood. Although the entire body of evi-
dence on the mechanisms of action of UBI is very 
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complex, as can be seen from the foregoing mate-
rial, we can attempt to draw some general conclu-
sions. Firstly UBI is clearly an example of the 
well-known phenomenon called “hormesis” or 
“biphasic dose response’. This phenomenon has 
been well reviewed by Edward Calabrese from U 
Mass Amherst [73, 74]. The basic concept states 
that any toxic chemical substance or drug, or any 
physical insult (such as ionizing radiation, hyper-
thermia, or oxidative stress) can be beneficial, 
protective or even therapeutic, provided the dose 
is low enough. If the dose is increased, the benefi-
cial or protective effects disappear, and if the dose 
is even further increased, then the detrimental 
effects of the treatment become very evident. This 
is clearly shown by Knott’s original experiments 
on dogs that led to the establishment of only 5–7% 
of total blood volume as the optimal amount of 
blood to be irradiated.

UBI appears to have three broadly different 
classes of effects on different blood components. 
In the case of neutrophils, monocytes, macro-
phages, and dendritic cells, UBI can activate 
phagocytosis, increase the secretion of NO and 
reactive nitrogen species, and convert the DC phe-
notype from an immunogenic one into a tolero-
genic one, thus perhaps lessening the effects of a 
“cytokine storm” as is often found in sepsis. In the 
case of lymphocytes, the effects of UBI are to 
inhibit (or in fact kill) various classes of lympho-
cytes. This is not perhaps very surprising, consid-
ering the well-established cell-death pathways 
and apoptotic signaling found in lymphocytes. 
However it is not impossible, that the killing of 
circulating lymphocytes could reduce systemic 
inflammation, which would again be beneficial in 
cases of sepsis. It is also clear that UBI can oxi-
dize blood lipids and lipoproteins, and therefore 
increase oxidative stress. However it is also pos-
sible that a brief burst of oxidative stress, may be 
beneficial, whereas continued chronic levels of 
oxidative stress have been generally considered as 
detrimental. Many antioxidant defenses are up-
regulated by brief exposure to oxidative stress, 
and this has been postulated to be one of the fun-
damental mechanisms responsible for may 
aspects of hormesis. The oxidative nature of UBI 

has encouraged us to draw parallels with ozone 
therapy and other forms of ‘oxygen therapy”.

25.3	 �Ozone Therapy

Since UBI is generally considered to be controver-
sial, then ozone therapy is even more controversial. 
Ozone therapy consists of the introduction of ozone 
(O3) into the body via various methods, usually 
involving its mixture with various gases and liquids 
before injection, with potential routes including the 
vagina, rectum, intramuscular, subcutaneously, or 
intravenously Ozone can also be introduced via a 
process called “autohemotherapy”, in which blood 
is drawn from the patient, exposed to ozone and 
re-injected into the patient [75]

The United States Food and Drug Administration 
initially stated in 1976, and reiterated its position in 
2006, “that when inhaled, ozone is a toxic gas 
which has no demonstrated safe medical applica-
tion”, though their position statements primarily 
deal with its potential for causing inflammation and 
pulmonary edema in the lungs. Moreover there 
exist additional types of “oxygen therapy” involv-
ing hyperbaric oxygen, hydrogen peroxide, and 
various kinds of “oxygenated water”.

25.4	 �Extracorporeal 
Photochemotherapy (ECP)

Extracorporeal photochemotherapy (ECP) 
involves the addition of a photosensitizing drug 
8-methoxypsoralen (8-MOP) into blood that is 
then treated with UVA light (320–360 nm). ECP 
was originally derived from the use of PUVA (pso-
ralen and UVA) to treat psoriasis and other skin 
diseases. In the case of dermatology the psoralen 
was administered either orally (pills) or as a bath 
therapy. Often the whole body was exposed to 
light in a “PUVA box” containing UVA emitting 
fluorescent tube lights. ECP has been widely used 
as immunotherapy for cutaneous T cell lymphoma 
(CTCL) since it received US Food and Drug 
Administration (FDA) approval in 1988. As an 
apheresis-based immunomodulatory therapy 
which involves UVA irradiation of autologous 
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peripheral blood mononuclear cells (PBMCs) 
exposed to the 8-MOP, there are a numbers of fea-
tures of ECP that distinguish it from other immu-
nologic therapy, which are beneficial in 
immune-stimulation against cancer and in the 
transplant setting as an immune-modulator; for 
induction of antigen presenting cells (APCS), to 
extracorporeal sequester and modify processed 
leukocytes, and so on. [76] It has used for treat-
ment of other autoimmune-mediated disorders and 
organ allograft rejection, and is especially benefi-
cial for cutaneous T-cell lymphoma (CTCL) and 
graft-versus host disease (GVHD). Both these 
indications require killing of lymphocytes.

25.4.1	 �ECP Therapy Treatment

The standard schedule of ECP treatment involves 
2 successive days at 4  week intervals Tens of 
thousands of patients afflicted with CTCL, organ 
transplant rejection, GVHD, Crohn’s disease and 
type 1 diabetes [77–82], have received benefits 
from treatment with ECP since the first report of 
the systemic efficacy of by Edelson [83]. In his 
studies, he carried out treatment of skin manifes-
tations in patients with cutaneous T-cell lym-
phoma (CTCL) and achieved a response rate of 
greater than 70% compared with other forms of 
treatment. Wollnia tested ECP in fourteen 

patients (all male) aged 38–72 years with CTCL 
of the mycosis fungoides type, stage IIa/IIb, and 
achieved a total response rate of 56% [84].

25.4.2	 �Mechanism of ECP

It is known that both UVC and UVB can damage 
DNA strands, as well as UVA activated 
8-MOP. However the types of DNA lesions pro-
duced are very different for these two different 
kinds of UV-mediated DNA damage (Fig. 25.4). 
UVC and UVB both produce defined UV photo-
products which are mainly the cyclobutane 
pyrimidine dimers (particularly TT dimers [85]) 
and pyrimidine-pyrimidone (6–4) photoproducts 
[86]. On the other hand, PUVA or ECPBM as it is 
known today cross-links the pyrimidine bases of 
DNA in complementary sister strands (inter-
strand cross-links). These two different mecha-
nisms of action are shown in Fig.  25.2. DNA 
damage by whatever means it is caused is likely 
to cause apoptosis of the extracorporally targeted 
lymphocytes [87]. ECP can treat erythrodermic 
CTCL by killing malignant CD8 T-cells but also 
by stimulating an immune response against thee 
malignant cells [88]. Two major effects of ECP 
have been well-confirmed: one is its immunos-
timulatory effects against neoplastic cells in 
CTCL; the other is its immunosuppressive effects 

Fig. 25.4  Comparison of DNA damage produced by (a) UVB or UVC (intra-strand cross-links), and (b) DNA damage 
produced by psoralens and UVA (ECP, inter-strand cross-links)
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against T-cell-mediated disorders such as GVHD 
and rejection in organ transplantation [89].

25.5	 �Modern Devices to Carry 
Out UBI

Although it is often said that UBI is “the cure that 
time forgot” [90, 91], it has not actually been 
completely forgotten. There are several compa-
nies, organizations and devices existing at the 
present time, which are being used or proposed 
(on a rather small scale) to carry out UBI, or as it 
often called “Photoluminescence Therapy (PT)”. 
Several websites provide information on UBI and 
PT.  Perhaps one of the most comprehensive is 
(http://www.mnwelldir.org/docs/uv_light/uv_
light3.htm) that provides a listing of practitioners 
located in USA that offer UBI to patients. UBI 
medical (http://ubimedical.com/about-us.html) 
also has a lot of information available. The web-
site entitled “Infections cured” (http://infections-
cured.com) is also worth checking out. Physicians 
UBI Awareness Center (http://drsubi.com) even 
has a video posted online comparing different 
kinds of UBI machines.

25.6	 �Conclusion

UV irradiation of blood was hailed as a miracle 
therapy for treating serious infections in the 
1940s and 1950s. In an ironic quirk of fate, this 
historical time period coincided with the wide-
spread introduction of penicillin antibiotics, 
which were rapidly found to be an even bigger 
medical miracle therapy. Moreover another major 
success of UBI, which was becoming increas-
ingly used to treat polio, was also eclipsed by the 
introduction of the Salk polio vaccine in 1955 
[91]. UBI had originally been an American dis-
covery, but then was transitioned to being more 
studied in Russia and other eastern countries, 
which had long concentrated on physical thera-
pies for many diseases, which were more usually 
treated with drugs in the West.

However in the last decade the problem of 
multi-antibiotic resistant bacteria has grown 

relentlessly. Multidrug-resistant (MDR) and pan-
drug resistant (PDR) bacterial strains and their 
related infections are emerging threats to public 
health throughout the world [92]. These are asso-
ciated with approximately two-fold higher mortal-
ity rates and considerably prolonged hospital 
admissions [93]. The infections caused by antibi-
otic resistant strains are often exceptionally hard to 
treat due to the limited range of therapeutic options 
[94]. Recently in Feb 2015, the Review on 
Antimicrobial Resistance stated “Drug-resistant 
infections could kill an extra 10  million people 
across the world every year by 2050 if they are not 
tackled. By this date they could also cost the world 
around $100 trillion in lost output: more than the 
size of the current world economy, and roughly 
equivalent to the world losing the output of the UK 
economy every year, for 35 years” [95].

Sepsis is an uncontrolled response to infection 
involving massive cytokine release, widespread 
inflammation, which leads to blood clots and 
leaky vessels. Multi-organ failure can follow. 
Every year, severe sepsis strikes more than a mil-
lion Americans. It is estimated that between 
28–50% percent of these people die. Patients 
with sepsis are usually treated in hospital inten-
sive care units with broad-spectrum antibiotics, 
oxygen and intravenous fluids to maintain normal 
blood oxygen levels and blood pressure. Despite 
decades of research, no drugs that specifically 
target the aggressive immune response that char-
acterizes sepsis have been developed.

We would like to propose that UBI be recon-
sidered and re-investigated as a treatment for sys-
temic infections caused by multi-drug resistant 
Gram-positive and Gram-negative bacteria in 
patients who are running out of (or who have 
already run out) of options. Patients at risk of 
death from sepsis could also be considered as 
candidates for UBI. Further research is required 
into the mechanisms of action of UBI. The pres-
ent confusion about exactly what is happening 
during and after the treatment is playing a large 
role in the controversy about whether UBI could 
ever be a mainstream medical therapy, or must 
remain side-lined in the “alternative and comple-
mentary” category where it has been allowed to 
be forgotten for the last 50 years.
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