
UBI - Ultraviolet Blood Irradiation 
 
This Collection of studies for Light therapy and Blood is far from complete but allows 
those interested to see that: 
 

• Light therapy – especially Ultraviolet Light has been of interest for over 70 year 
• There is a resurgence in interest as we try to tackle HIV and Hep C in blood 
• There are many therapeutic affects 
• More research is always called for although brave Drs are seeing the positive 

effects within their clinics 
• Side effects are minimal 
• Better exposure to the light is required 

 
 
You can peruse the over 80 studies collected here and also explore www.DrsUBI.com for 
more than 200 clinical studies.  Some older, some foreign but some right up to date. 
 
To quote the Dr who spent 10 years of his life experimenting, exploring and practicing UBI 
on thousands of patients: 
 

• Graduate of the Miami School of Medicine,  
• Graduate of the Naval School of Aviation and Space Medicine  
• National Health Federation "Doctor of the Year 1985."  
• He worked alongside scientists at the Pasteur Institute for 1 

year in Russia set up and operated an AIDS clinic in Uganda  
Africa. Many terminal stage AIDS patients made full 
recoveries using his UBI protocol.  

• He was also the past president of the Florida College of ER 
docs- 

• Many ER techniques in every hospital in America were 
invented by Douglass.  

 
Dr. William Campbell Douglas: " If you knew of a procedure 
that could save thousands-maybe millions-would you cover it 
up? It is unthinkable that what could be the best solution ever 
to stopping the world's killer diseases is being ignored, 
scorned, and rejected. But that is exactly what is happening 
right now. The procedure is called "photoluminescence (UBI)". 
It is a thoroughly tested, proven therapy that uses the 
healing power of light to perform almost miraculous cures. 
This remarkable treatment works its incredible cures by 
stimulating the body's OWN immune responses. That is why it 
cures so many ailments-and why it has been especially 
effective against AIDS. Yet, 50 years ago it virtually 
disappeared from the halls of medicine."  

http://www.drsubi.com/
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: Leuk Lymphoma. 1999 Dec;36(1-2):169-77. Links 

Hypersensitivity of lymphocytes from chronic 
lymphocytic leukemia patients to ultraviolet light-
C radiation. 
Tuck A, Smith S, Whitesides JF, Larcom L. 

Department of Microbiology and Molecular Medicine, Clemson University, South 
Carolina 29634-1909, USA. 

Chronic lymphocytic leukemia (CLL) results in the accumulation of mature 
immunologically defective lymphocytes in GO phase. Lymphocytes from CLL 
patients were exposed to UVC radiation to determine whether these cells are 
capable of undergoing apoptosis, as a response to DNA damage. Lymphocytes 
from CLL patients were found to be readily killed by ultraviolet light-C (UVC) 
radiation. Cells from healthy donors were minimally affected by doses of UVC 
ten times higher then those which caused dramatic drops in the metabolism of 
CLL cells. At four hours after irradiation, the reduction of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) had dropped by 50% for CLL cells 
exposed to a dose of 10 J/m2. In contrast, there was no significant drop for 
healthy cells exposed to 100 J/m2. Cell death was measured by trypan blue 
staining, flow cytometry of Annexin V-PI stained cells, and Wright staining. By 
24 hours after irradiation, significant amounts of cell death were observed in CLL 
cells at doses which had no significant effects on viability of healthy 
lymphocytes. The extreme sensitivity of CLL lymphocytes to UVC indicates that 
phototherapy should be explored as a potential treatment for this neoplasm. 

PMID: 10613462 [PubMed - indexed for MEDLINE] 
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1: Mutat Res. 2000 Feb 16;459(1):73-80.  Links 

Chronic lymphocytic leukemia lymphocytes lack 
the capacity to repair UVC-induced lesions. 
Tuck A, Smith S, Larcom L. 

Department of Microbiology and Molecular Medicine, Clemson University, 124 
Long Hall, Clemson, SC 29634-1909, USA. 

Cells from chronic lymphocytic leukemia (CLL) patients and from healthy 
individuals were irradiated with UVC and incubated for varying periods of time. 
The number of single strand breaks and alkali-labile sites was determined by 
comet analysis. Unirradiated CLL and healthy cells exhibited no significant 
numbers of single strand breaks. The extent of DNA damage was found to 
increase with dose for both healthy and CLL cells. However, the CLL cells had 
much more extensive DNA fragmentation than healthy cells at each dose. 
Deoxyribonucleoside supplemented medium inhibited comet formation in both 
cell types. Thymidine alone produced the same effect. In healthy cells, repair of 
lesions was complete after 4 h of incubation as indicated by the absence of comet 
formation. The CLL cells exhibited no significant repair even after 48 h. CLL 
lymphocytes are killed by very low doses of UVC radiation. The results reported 
here suggest that this hypersensitivity results from the inability of CLL cells to 
repair UVC-induced DNA damage and a contributing factor is the low amounts of 
intracellular deoxyribonucleosides. 

PMID: 10677685 [PubMed - indexed for MEDLINE] 
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Invest Dermatol. 2002 Nov;119(5):1177-82.  Links 

The total amount of DNA damage determines 
ultraviolet-radiation-induced cytotoxicity after 
uniformor localized irradiation of human cells. 
Imoto K, Kobayashi N, Katsumi S, Nishiwaki Y, Iwamoto TA, Yamamoto A, 
Yamashina Y, Shirai T, Miyagawa S, Dohi Y, Sugiura S, Mori T. 
Radioisotope Research Center Departments of Dermatology Public Health 
Medical Genetics Research Center, Nara Medical University, Kashihara, Japan. 
We have recently developed a micropore ultraviolet irradiation technique. An 
isopore membrane filter with 3 microm diameter pores shields ultraviolet C 
radiation from cultured human fibroblasts, leading to partial irradiation within the 
cells with an average of about three exposed areas per nucleus. This study 
addressed the question of whether the spatial distribution of DNA damage within 
a cell nucleus is important in triggering ultraviolet-induced cytotoxicity. We have 
examined whether there are differences in cytotoxicity between partially 
ultraviolet-irradiated cells and uniformly irradiated cells after equal amounts of 
DNA damage were induced in the cell nuclei. We first determined DNA damage 
formation in normal human fibroblasts using an enzyme-linked immunosorbent 
assay. We found that 5 J per m2 ultraviolet irradiation produced an equivalent 
amount of cyclobutane pyrimidine dimers and (6-4) photoproducts per cell as 100 
J per m2 with the membrane filter shield. At those doses, we found that both types 
of ultraviolet irradiation induced similar levels of cytotoxicity as assessed by a 3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium assay. Both types of ultraviolet-irradiated cells also had similar cell-
cycle distribution and apoptosis as measured by flow cytometry. Moreover, no 
significant differences in repair kinetics for either type of photolesion were 
observed between the two different ultraviolet treatments. Similar results were 
obtained in Cockayne syndrome cells that are defective in transcription-coupled 
nucleotide excision repair. Present results indicate that in the range of 
photoproducts studied, the spatial distribution of DNA damage within a cell is 
less important than the amount of damage in triggering ultraviolet-induced 
cytotoxicity 
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Leukemia. 2002 Jan;16(1):36-43.  Links 

2-Chloro-2'-deoxyadenosine inhibits DNA repair 
synthesis and potentiates UVC cytotoxicity in 
chronic lymphocytic leukemia B lymphocytes. 
Van Den Neste E, Cardoen S, Husson B, Rosier JF, Delacauw A, Ferrant A, 
Van den Berghe G, Bontemps F. 
Laboratory of Physiological Chemistry, Christian de Duve Institute of Cellular 
Pathology (ICP), Brussels, Belgium. 
2-Chloro-2'-deoxyadenosine (CdA) is a deoxyadenosine analogue which targets 
enzymes involved in DNA synthesis, and hence might interfere with the 
resynthesis step of DNA repair. We tested this hypothesis in resting B cell chronic 
lymphocytic leukemia (B-CLL) lymphocytes, after firstly characterizing 
unscheduled DNA synthesis occurring in these cells. We observed that the 
spontaneous incorporation of [methyl-3H]thymidine (dThd) into DNA of B-CLL 
cells was not completely inhibitable by hydroxyurea (HU) which blocks DNA 
replication. In addition, in the presence of HU, dThd incorporation could be 
upregulated by UVC radiation or DNA alkylation, without re-entry of the cells 
into S phase. CdA was found to inhibit both spontaneous and upregulated DNA 
synthesis in B-CLL cells. Phosphorylation of CdA was essential to exert this 
effect. We finally observed a strong synergistic cytotoxicity between UV light and 
CdA, which was correlated with activation of caspase-3 and high molecular 
weight DNA fragmentation, two markers of apoptosis. Taken together, these 
observations indicate that in B-CLL cells CdA inhibits unscheduled DNA 
synthesis which represents the polymerizing step of a repair process responsive to 
DNA aggression. Inhibition of this process by CdA, together with a combined 
activation of the apoptotic proteolytic cascade by CdA and UV, may explain their 
synergistic cytotoxicity. 
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Mutat Res. 1996 Jun 10;352(1-2):31-8.  Links 

UV- and gamma-irradiation-induced DNA single-
strand breaks and their repair in human blood 
granulocytes and lymphocytes. 
Lankinen MH, Vilpo LM, Vilpo JA. 
Department of Clinical Chemistry, Tampere University Hospital, Finland. 
Ionizing irradiation and UV-irradiation cause DNA damage. Ionizing irradiation 
induces single-strand breaks, much less abundantly double-strand breaks, alkali-
labile sites, and various oxidized purines and pyrimidines. UV-irradiation, on the 
other hand, causes cyclobutane pyrimidine dimers, (6-4) photoproducts, and 
various monomeric base damages. The deposition of energy in DNA may result 
directly in single-strand breaks (predominant form after ionizing radiation), or the 
strand breaks may be generated during the repair process (predominant form after 
UV-irradiation). We investigated the formation and repair of DNA single-strand 
breaks in human blood granulocytes and lymphocytes by the single-cell gel 
electrophoresis or comet assay. The induction and repair of DNA lesions by 
gamma-irradiation was comparable in human blood granulocytes and 
lymphocytes. The finding is consistent with the expression of the pertinent base 
excision repair proteins in these cells. In contrast to gamma-irradiation, fewer 
single-strand breaks were observed immediately after UV-irradiation; the 
maximum number of breaks were seen when the cells were incubated for 30-60 
min. After an incubation period of 150 min, a significant reduction of single-
strand breaks was noted. It is conceivable that the first 30-60 min represented a 
period during which the incision-excision phase of nucleotide excision repair 
(NER) predominated. After that, strand joining was dominant, evidently 
representing the synthesis and ligation phase of NER. These results indicate that 
the approx. 30 different polypeptides required for complete NER are functional in 
these mature blood cells. This is the first demonstration of the expression of 
global NER in human granulocytes. 
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: Mutat Res. 2000 Mar 14;448(1):1-9.  Links 

Kinetics of excision repair of UV-induced DNA 
damage, measured using the comet assay. 
Myllyperkiö MH, Koski TR, Vilpo LM, Vilpo JA. 
Laboratory of Molecular Hematology, Department of Clinical Chemistry, 
Tampere University Hospital, P.O. Box 2000, 33521, Tampere, Finland. 
The kinetics of UV- (254 nm) irradiation-induced DNA single-strand breaks 
(SSBs), generated during the excision repair of UV-induced DNA damage, in 
leukemic lymphocytes and in normal blood mononuclear cells (MNCs) were 
studied using the alkaline comet assay. The cells were isolated by density gradient 
centrifugation from peripheral blood of patients with chronic lymphocytic 
leukemia (CLL) and from healthy study subjects. The cytotoxicity of UV 
irradiation was determined in vitro in peripheral blood mononuclear lymphocytes 
from 36 CLL patients and from eight healthy donors using the incorporation of 
radioactive leucine in 4-day cultures. A remarkable difference in excision repair 
capability was observed between normal and leukemic lymphocytes. In contrast 
to normal lymphocytes, there was always a subpopulation of CLL cells that did 
not complete the repair of UV-induced DNA damage during the 24-h repair 
period. Furthermore, differences were also recorded between UV-sensitive and 
UV-resistant CLL cases. The differences in DNA migration between the 
maximum increase (59-77 microm) and that at 24 h after irradiation (21-66 
microm) was statistically significant in two of three patients exhibiting UV-
resistance. Correspondingly, only in one of three patients exhibiting UV-
sensitivity was the difference in DNA migration statistically significant 
(maximum increase: 44-107 microm, vs. 24 h after: 42-100 microm). Our results 
confirm an abnormal pattern of the CLL cell response to UV irradiation. 
Furthermore, we identified defective processing of UV-induced DNA damage in 
CLL versus normal lymphocytes, particularly in UV-sensitive cases. 
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A new device to study ex-vivo the effects of extracorporeal 
photochemotherapy on the immune system 
Authors: Roberta Rigolio, Paolo Perseghin, Svante Jonsson, Jesper Petersson, Guido 
Cavaletti, Corrado Maria Cilio 
 

 
 
Publishing researchers: 

 
Roberta Rigolio 
Extracorporeal photochemotherapy (ECP) is a medical procedure effective in the 
treatment of several different T-cell mediated diseases such as cutaneous T-cell 
lymphoma and Graft-versus-Host Disease. During ECP treatment the patient's blood is 
processed by means of a cell separator to collect leukocytes (leukapheresis), mostly 
lymphocytes and monocytes, which are then incubated with the photoactive drug 8-
methoxypsoralen (8-MOP), exposed to ultraviolet-A light (UV-A) and reinfused to the 
patient. It has been suggested that during ECP not only UV-A irradiation but also 
changes in the environmental condition may be relevant. Although ECP has been shown 
to have an in-vivo immunomodulatory effect, the mechanisms through which ECP exerts 
its effect remain elusive. One of the reasons for this incomplete knowledge is the absence 
of a reliable model for ECP. In order to investigate the effect of ECP on the peripheral 
immune system, we developed a new device which mimics the complete ECP cycle 
including blood transit through the cell separator. Peripheral blood samples (50ml) were 
obtained from volunteers and processed using a peristaltic pump. Peripheral blood 
mononuclear cells (PBMC) were then collected and treated with 8-MOP and UV-A under 
the same conditions used for the patients' therapy. Using this strategy we investigated 8-
MOP, UV-A and their combined effect on the production of the pro-inflammatory 
cytokines interferon-gamma (IFN-gamma), interleukine-2 (IL-2) and tumor necrosis 
factor-alpha (TNF-alpha) in PBMC with and without polyclonal stimulation. We firstly 
demonstrated that our device does not affect total red and white blood cell counts. After 
8-MOP and UV-A irradiation a significant decrease was observed in both activated 
CD4(+) and CD8(+) T lymphocytes producing IFN-gamma, IL-2 and TNF-alpha. Our 
findings are in line with those previously obtained in humans after complete ECP 
treatment, thus suggesting that our newly developed device is suitable for investigating 
the mechanism of action of ECP ex-vivo. 
Journal of photochemistry and photobiology. B, Biology. 01/08/2007; 88(1):68-75. 
ISSN: 1011-1344 
DOI: 10.1016/j.jphotobiol.2007.05.001 
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Selective destruction of viruses with ultrashort 
pulsed lasers 
Kong-Thon Tsen, Shaw-Wei Tsen, T. C. Wu, Karen Kibler, and Bert Jacobs 
 
A new method for killing viral particles may have important medical applications like disinfecting 
blood components and treating diseases 

3 December 2009, SPIE Newsroom. DOI: 10.1117/2.1200911.1845 

A variety of techniques can kill unwanted viral particles. While UV disinfection1,2 is effective, for example, UV lamps target 
both nuclei acids and proteins, so they damage not only the viral particles, but also mammalian cells. UV irradiation also 
raises concerns of mutation and has shadowing effects, or decreases in penetration length caused by the viral nucleic acids 
and protein shells. Similarly, microwave absorption is not effective because most of the energy is transferred to water and 
not the viral particle. Recently, a photochemical technique3 was developed to disinfect blood supplies. However, potential 
risks and side effects have hindered its application. A new method that circumvents these problems is needed. 

We have developed a photonic approach for selectively inactivating viruses. Our method uses a near-IR ultrashort pulsed 
(USP) subpicosecond fiber laser system instead of UV lamps. It targets only the weak links on the protein shells of viral 
particles. By tuning to the appropriate laser power density, we demonstrate that it is feasible to damage the protein shells, 
leading to their inactivation without harming mammalian cells. Specifically, we show that this method can selectively 
inactivate viral particles ranging from non-pathogenic viruses such as M13 bacteriophage and tobacco mosaic virus (TMV) to 
pathogenic viruses like human papillomavirus (HPV) and human immunodeficiency virus (HIV). At the same time, it leaves 
sensitive materials like human Jurkat T cells, human red blood cells, and mouse dendritic cells unharmed. 

 
 
 
Figure 1. Demonstration of how a M13 bacteriophage is inactivated 
by a USP laser. (A) The laser interacts with the viral particle. (B) The 
laser excites the virus' protein shell by ISRS. (C) When the 
excitation's amplitude is large enough, the protein shell breaks apart, 
inactivating the viral particle.  

Any mechanical object has normal modes in which it oscillates around 
its equilibrium geometry. By choosing the pulse duration of the 
visible/near-IR laser to be shorter than or near to the normal mode's 
oscillation period, the laser pulse in a single-beam excitation 
configuration has significant spectral content at the resonant 
frequency. This can bring a macro-particle such as a virus into 
oscillation through impulsive stimulated Raman scattering (ISRS).4–7 
Figure 1 shows how the macro-particle, M13 bacteriophage, is 
inactivated through ISRS by a USP laser. An ultrashort pulse excites 
the vibrational modes on the protective shell to such high energy 
states that it breaks off the weak links on the shell, damaging the shell 
and leading to inactivation of the M13 bacteriophage. 

Table 1 summarizes the threshold laser power density for inactivation 
of M13 bacteriophage, TMV, HPV, HIV, human red blood cells, 
human Jurkat cells, and mouse dendritic cells with a USP fiber laser 
operating at λ=776nm. Many viruses can be inactivated with a laser 

power density of about 1GW/cm2. On the other hand, much higher laser power intensities of ≥10GW/cm2 are necessary to 
inactivate mammalian cells. These results indicate that there is a window in laser intensity bounded approximately by 
1GW/cm2 and 10GW/cm2 that allows us to inactivate unwanted microorganisms such as viruses while leaving useful 
materials such as mammalian cells unharmed. It is therefore plausible that the USP laser, if appropriately manipulated, can 
be used to selectively kill blood-borne pathogens with minimal damage to sensitive materials. It is this selectivity that 
distinguishes our approach. 
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Table 1. Threshold laser power density for inactivation of various viruses and mammalian cells.  
Table 1. Threshold laser power density for inactivation of various viruses and mammalian cells.  

Viruses and Cells 

  M13 TMV HPV HIV Human Red 
Blood Cell 

Human Jurkat 
T cell 

Mouse Dendritic 
Cell 

Threshold laser power density for 
inactivation (GW/cm2) 0.06 0.85 1.0 1.1 15 22 12 

On 

One likely reason for the selective killing of microorganisms demonstrated in Table 1 is the difference in their structure. We 
know the cell's lipid membrane structure is significantly different from that of the viral particle's capsid. Another likely reason 
is the size differential. Viral particles are typically much smaller than mammalian cells. For example, HIV is an enveloped 
virus with a capsid and is about 0.1μm in diameter, whereas the shape of a human red blood cell is like a doughnut, about 
10μm in diameter and 2μm thick. The mouse dendritic cell is about 10μm in diameter. Since the viruses and cells are 
embedded in water, the water molecules play a crucial role in damping the vibrations excited by the laser. The relatively 
large size of either the human red blood cell or the mouse dendritic cell compared with that of the viral particle means there 
are more water molecules surrounding the red blood cells and dendritic cells than HIV. In other words, the damping 
associated with the coherent/incoherent excitation the laser creates is less for HIV than for red blood cells or dendritic cells. 
As a result, the vibration amplitude created by a given laser power density can be much higher for HIV than for red blood 
cells or mouse dendritic cells. Testing for these possible scenarios is currently underway. 

The USP laser technology targets the global mechanical properties of the viral protein shell, making it relatively insensitive to 
local genetic mutation in target viruses. As a result, the approach can inactivate both the wild and mutated strains of viruses. 
This intriguing property is particularly important in the treatment of diseases involving rapidly mutating viral species like HIV. 
Our USP laser approach could be used for disinfecting viral pathogens in blood products and for the treatment of blood-
borne viral diseases in the clinic. 

Kong-Thon Tsen would like to thank Raydiance Inc. for the loan of a USP fiber laser. 

Department of Physics 
Arizona State University (ASU)  
Tempe, AZ  

Kong-Thon Tsen's research focuses on the interaction of light in solid-state and biological systems, in particular on the use 
of ultrafast laser sources to elucidate novel electron transport phenomena, dynamic properties of lattice vibrations in 
nanostructure semiconductors, and microscopic mechanisms in biological systems such as viruses, bacteria, and cells. He 
has more than 170 refereed publications and has edited four books about ultrafast phenomena. 

Shaw-Wei Tsen  Washington University School of Medicine  St. Louis, MO  
T. C. Wu  Pathology Laboratory Johns Hopkins Medical Institutions  Baltimore, MD 
Karen Kibler, Bert Jacobs  Biodesign Institute ASU  Tempe, AZ  

 
References: 
1. K. Rosenheck, P. Doty, The far ultraviolet absorption spectra of polypeptide and protein solutions and their dependence 
on conformation, Proc. Natl. Acad. Sci. 47, no. 11, pp. 1775-1785, 1961.  
2. J. C. Sutherland, K. P. Griffin, Absorption spectrum of DNA for wavelengths greater than 300nm, Radiation Res. 86, pp. 
3990410, 1981.  
3. B. J. Bryant, H. G. Klein, Pathogen Inactivation: The Definitive Safeguard for the Blood Supply, Arch. Pathol. Lab. Med. 
131, pp. 719-733, 2007.  
4. Y.-X. Yan, E. B. Gamble Jr., A. Keith Nelson, Impulsive stimulated scattering: general importance in femtosecond laser 
pulse interactions with matter, and spectroscopic applications, J. Chem. Phys. 83, pp. 5391-5399, 1985.  
5. K. A. Nelson, R. J. D. Miller, D. R. Lutz, M. D. Fayer, Optical generation of tunable ultrasonic waves, J. Appl. Phys. 53, pp. 
1144-1149, 1982.  
6. K. T. Tsen, S-W. D. Tsen, C-L. Chang, C-F. Hung, T. C. Wu, J. G. Kiang, Inactivation of viruses by laser-driven coherent 
excitations via impulsive stimulated Raman scattering process, J. Biomed. Opt. 12, no. 064030, pp. 1-6, 2007.  
doi:10.1117/1.2821713 
7. K. T. Tsen, S-W. D. Tsen, O. F. Sankey, J. G. Kiang, Selective inactivation of microorganisms with near-infrared 
femtosecond laser pulses, J. Phys. Cond. Matter 19, pp. 472201-1-472201-7, 2007.  
 
 

http://spie.org/x37933.xml?highlight=x2416&ArticleID=x37933#tab1
http://dx.doi.org/10.1117/1.2821713


Analysis and discussion on the intravascular laser
irradiation therapy and the ultraviolet blood irradiation therapy

CHEN Rong' CHEN Yanjiao LI Buhong LI Depin Zhang Xiaodong

Institute of Laser, Fujian Normal University, Fuzhou 350007 China

ZHANG Yanrong

Audio-Visual Educational Center, Fujian Normal University, Fuzhou 350007 China

LING Aizhen

The Second Hospital of Fuzhou, Fuzhou 350007 China

ABSTRACT

This paper study on the light irradiation blood therapy home and abroad, including the intravascular low level laser
irradiation therapy (ILLLI) and the ultraviolet blood irradiation therapy (UBI). The treatment method, the indications and

mechanism of ILLLI and UBI are discussed. The theory of "biological resonance" and "optical trigger" are used to explain

the mechanism of ILLLI and UBI. Based on the absorption spectrum of blood, some new suggestions are presented, such as

the optimum wavelength irradiation, the ultraviolet laser irradiation and the extravascular laser irradiation.

Keywords: Laser, Ultraviolet, Intravascular, Extravascular, Blood, Irradiation, Therapy, Comparison, Suggestion

1. INTRODUCTION

In recent years the light irradiation blood therapy has been widely developed in many hospitals home and abroad, mainly
including the intravascular low level laser irradiation therapy (ILLLI) and the ultraviolet blood irradiation therapy (UBI).

UBI has a history of seventy years. In 1920's, UBI was used in treating some diseases, e.g. septicemia. UBI had been
replaced by antibiotic later. Lately with the appearance of the bacteria which resistance to the action of the drug, UBI has

been used again. However ILLLI has a history only over ten years. The research has been started in China in the early

1990's , and the applications of it expands gradually1121131. Both UBI and ILLLI adopt light irradiating body blood to cure

the diseases, but what's the relationship between them? And what's the difference in the treatment method, treatment case,

treatment mechanism? And how to expand their usage? These questions have not been studied in detail yet. They will be

discussed in this paper, and some suggestions will be proposed.

2. LIGHT SOURCE AND METHOD

There is some difference in light source used between ILLLI and UBI. ILLLI adopts coherent red laser whose spectral
width is 108nm only. The ultraviolet used in UBI is not coherent, and its spectral width reaches about 350nm. Also there is

clear difference in the irradiating power density between them. Laser output is 1.5mW in ILLLI ,when the diameter of the
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optical fiber is 200 um , the power density of irradiation is 5W/Cm2. However the output of the ultraviolet lightpipe used in

UBI is about 40-375W. The ultraviolet propagates in 3600solid angle, so the power density ofUBI is far below the ILLLI's.

Otherwise UBI irradiates only part ofthe total body blood (200m1). ILLLI irradiates the flowing total body blood. The total

irradiating dose must be an important factor. Generally. for ILLLI, the irradiating time is 90 mm in 1 .5mW each time. The

dose is 8.1J each time. There are about ten times a treatment. The total dose is about 81J for ILLLI. However for UBI the

irradiating dose is about 400J each time and the total dose will reach 2000J.For total irradiating dose there are 25 times

between ILLLI and UBI.

Then to consider the total quantity of the blood being irradiated, for UBI, 200m1 blood is irradiated each time. The total
quantity is l000ml, which contains about 25% of the total body blood. While for ILLLI the flowing blood of vein is
irradiated. Suppose the blood speed is 5m1/min in vein and irradiating time is 90 mm each time. The total irradiating time is

900 mm in a period of treatment. Then total quantity of the flowing blood being irradiated is far more than the total body

blood. In this process, all blood in the body has been irradiated by higher power density HeNe laser in a short time. This is

another difference between the ILLLI and UBI.

Finally to consider the time of total treatment. ILLLI is about 900 mm and UBI is about 50mm. But for UBI the time of
blood transporting back reaches 90 mm each time. Both ILLLI and UBI the time of total treatment is similar and the pain

caused to the patients is close too. For ILLLI the blood need not drawed out of the body. The treat procedure is reduced and

the alternate infection is reduced too. However for UBI the blood is irradiated in circular system outside the body. So the

possibilities ofalternate infection caused by machine and operation are more greatly than that of ILLLI.

3. INDICATIONS AND CONTRAINDICATIONS

Although ILLI and UBI are different in using light source, treatment method, irradiating power density and dose, yet they are
very similar to each other in curing the same type of disease. It includes the following indications, such as cerebral infraction,

cerebral hemerrhage sequela of cerebral trauma, deficiency in cerebral blood-supply, shaking puley, virus meninggitis,
euralgia, diabetes, coronary heart disease, pulmonary cardiopathy, bronchial astham, lung abscess, uremia, rheumatoid

arthritis, high blood pressure, etc..

With the development of ILLLI and UBI in our country, the reports about the indications increase continuously. Compared

with the two methods, the history of studying UBI is longer and the treatment cases of UBI are much more than ILLLI's,

especially it's good to cure the disease of germ virus infection, just like: pus-poisoning, peritonitis, tuberculosis,
osteomyelitis, pancreatitis, suppurative mastitis, suppurative wound. So UBI is more mature comparatively. While ILLLI is

completely in its primary stage. Some disease types has only one or two cases. ILLLI must be further studied.

Concerning the contraindication of the two ways. Ultraviolet is used in UBI. So its contraindication includes ultraviolet

allergy, sun shining detmatosis, lupus erythematosus etc. . Moreover the study shows that the rate of lymphocyte
chromosome grotesque is not obvious difference in the short time under the ordinary irradiating dose of UBI. Comparative,

low power HeNe laser used in ILLLI is very close with the body, so the contraindication of ILLLI has not been reported. But

some research shows that the sister-chromatid exchange(SCE) in peripheral lymphocytles from new-born umbilical cord

blood can be induced by higher irradiation dose of HeNe laser4.
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4. BIOLOGICAL EFFECT AND MECHANISM OF TREATMENT

There are many similar in the biological effect produced by ILLLI and UBI. Primary includes the following.

. To change the property of blood circulation ,to decrease blood solidification, constratin formation of thrumbus, improve

blood circulation, especially mirco-circulation.
2. Adjust body interior immunity, raise anti-disease ability of body, faciliating patient suffered form infected diseases and

deformit immunity diseases to be rehabilitated.

3. improve the body suffering from poisoning condition, raise the SOD activity, reduce the level of middle molecular
matters(MMS) and the stack of other poisonous odds.

Both ILLLI and UBI belong to the study on the interaction between the light and the body blood. The object ofthe study is

all body blood. The difference is only in the irradiation light. So the biological resonance theory can explained it
preliminarily. On one hand, the blood absorbs the irradiating photos directly. It causes the blood biological effect and effect

the microcosmic mechanism of the blood cell metabolism process directly. The process may be the absorption of simple,

double or more photos. There are many spectral line absorbed. On the other hand, when the energy of the irradiating light

and blood cell metabolism is similar, they will cause the resonance. And the activity of the cell enzyme will be strengthened.

Then the treatment will be attained. According to the analysis mentioned above, the quantity of the blood irradiated in UBI

is 25% of the total body blood. Although the total body blood is irradiated during the treatment of ILLLI, the irradiating
dose is limited. That is the irradiation on the total blood at limited time and limited dose will effect the function of the blood

at a long time. This is the viewpoint of "optical trigger". In the irradiation process some important element of the blood has

been trigged by the energy of light. Of cause the energy or dose ofthe trigger light must reach a certain amount.

The main difference in treatment mechanism ofthe two method is that 250 '-'280nm ofthe ultraviolet used in UBI is highly

absorbed by the bacteria and the nucleic acid and protein of the virus. The bacteria and virus in the blood will be quickly

dead in UBI. Besides in UBI the oxygen is added into the irradiated blood during the treatment, so it will change the oxygen

state of the body. It is good for strengthening the body function. However the treatment mechanism of ILLLI completely

belongs to the mechanism of low level laser biological effect.

5. DISCUSSION AND SUGGESTIONS

The absorptivity of body blood on the different wavelength light is an important factor since interaction between the blood

and light concern both ILLLI and UBI. We have measured the absorption spectrum of body blood5. The absorptivity is
1.5% for light of632.8nm and 15.8% at least for light of3O5nm. The latter is 10 times as much as the former. Obviously the

coefficient utilization of light energy in UBI is far beyond that in ILLLI. In one cure course the total irradiating dose is
2000J in UBI, while 81J in ILLLI. That is to say, less dose is used in ILLLI and only some of the irradiating light canbe
absorbed by body blood. The energy absorbed in UBI is oftwo orders higher than that in ILLLI..

Since the blood absorbs more light energy without by-effect in UBI, we can increase irradiating dose within the safety range

to get better effect and to shorten treatment period in ILLL1. Secondary the less irradiating dose of 632.8nm HeNe laser can

produce the equivalent cure effect which is done by the bigger dose of ultraviolet. The reason is that the light used in ILLLI

is a highly coherent laser. So we suggest that the less dose of U.V laser, e.g. 337.lnm N2 laser or 3.8nm XeC1 laser, should

be used in UBI to get better effect. The U.V laser can also be coupled into the optical fiber to irradiate the intravascular
blood. The oxygen is added into the irradiated blood in UBI. So we suggest that in ILLLI the patients draw the oxygen
during the treatment. In order to get a good results. All these proposals is just to sum up the method of ILLLI and UBI.
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Based on the absorption spectrum of blood, The lowest absorptivity is in infrared. The absorption pealsappear at 578, 540,
416, 342, 275 and 2OO24Onm. So these special wavelength light must be used in the research of ILLLI and UBI, in order to
get the optimum wavelength. Now different kinds oflaser can be adopted, such as laser (406.7,413 .1,415.4nm), Cu laser
(578nm), N2 laser (337. mm), KrF laser (248nm) and LD (830, 670, 532nm ), etc. 16] Ofcourse the experiment must be done
on animals first. With the rapid development oflaser technology and optical fiber device, the experiment can be done easily.

During ILLLI, the optical fiber must insert into the blood vessel. And for UBI, the blood must be thawed out, then irradiated

outside the body and transfused into the vessel finally. During the treatment, the patients not only suffer from the pain, but
also run a risk of being infected. We propose a new treatment method extravascular laser irradiation therapy. An optical

system made up of laser and oriented device can be used to irradiate the blood outside the body. With the diode laser, a
miniature cure device is being developed by our research group.

6. CONCLUSION

It has already get some good results in UBI and ILLLI. But on the whole, the history of the treatment is short, especially for

ILLLI. And the way they used should be improved. The mechanism of ILLLI and UBI is still in different hypotheses of

explanation. Especially ILLLI and UBI as the intervenient therapy method,. we must do it with great care and with the
rigorous scientific approach in dine. And it is also necessary to strengthen the basic study. The suggestions in this paper
must be constructive. One ofthem is the extravascular laser irradiation therapy. It may avoid the alternate infection. The new

light sources and the new method will be found in the optimum laser parameter therapy and ultraviolet coherent laser therapy.

So the authors are giving it further more study now.

As a new method of light irradiation blood therapy, UBI and ILLLI will lead to further study the interaction between the

different light source and blood. And it also must be a basic subject of great urgency. The research and quest on the subject
will open a new chapter in the study of laser medicine.
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Abstract 

UV-induced DNA damage in mononuclear leucocytes can be quantified by flow cytometry of 
fluorescence from a labelled monoclonal antibody that specifically binds to thymine dimers (T ↔ T): 
specific fluorescence is already detectable after exposures of 1–2 J m−2 of 254 nm radiation and shows 
a linear relationship with dose. The distribution of UV fluences over an irradiated volume can thus be 
ascertained by measuring the UV-induced T ↔ T loads of the individual cells from that volume. After 
irradiation of mononuclear cells in a phosphate buffer solution in a Petri dish, most cells showed a 
similar intensity of specific T ↔ T fluorescence, forming a single sharp peak in the fluorescence 
histogram. This signifies an even distribution of fluences over the cells. It was noticed, however, that a 
variable minor fraction of mononuclear cells (usually less than 10%) could be resistant to 
immunostaining; this fraction was rejected from the calculation of the specific fluorescence. The flow 
cytometric technique was also applied to blood cells exposed in an ISOLDA device, which is in use in 
Russian clinics for UV irradiation of whole blood for therapeutical purposes. Only a small fraction of 
mononuclear cells in a sample of whole blood treated in ISOLDA acquired a detectable T ↔ T load 
after exposure to lamps which emit predominantly either UVC or UVB light ((3.6 ± 1.0)% and (1.8 ± 
0.4)% of all analysed cells respectively). This small fraction had received a large variation in fluences, 
resulting in differences in nuclear T ↔ T loads by a factor of 200. There had apparently not been 
enough mixing of cells during the UV irradiation of the blood to even out differences in UV fluences. 
Hence the trigger of the reported curative effects of reinfused, UV-irradiated blood would appear to 
originate from the initial photomodification of a minor fraction of the extracted blood volume (1–2 ml 
per kilogram of body mass). 

Author Keywords: Flow cytometry; Thymine dimers; Mononuclear leucocytes; UV irradiation of 
blood  
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The history of the blood irradiation therapy has been traced to the beginning 
of the XX century. There was an idea of applying in medicine the known 
bactericidal properties of UV rays by irradiating the blood of patients to 
destroy infectious organisms in the blood. American researchers E. Knott and 
V. Hancock, using E. Knott's device for extracorporeal UV blood irradiation 
(UBI), conducted the first successful treatment of septic infection in 1928. 
Later the positive influence of UBI on blood-supply, immune, respiratory, 
hormonal and other systems was shown, as well as improvement of 
microcirculation and rheological properties of the blood was demonstrated.  

The equipment for extracorporeal UBI has two basic elements: a source of 
UV light and an irradiation chamber for irradiation of blood. The irradiation 
chamber is made from quartz glass, permeable for UV radiation. The 
treatment is carried out with different frequency - from daily up to weekly 
base, on a course from 3 up to 8 sessions, with irradiation of 100-250 ml of 
the blood during each session of UBI.  

Extracorporeal UV blood irradiation launches the cascade of photochemical 
processes in the blood. These photochemical processes are conjugated with 
changes of proteins and lipids of plasma, blood cells, antioxidant and other 
ferment systems.  
 
At the same time the leading role has membrane modification activity of UV 
radiation on erythrocytes, leukocytes and thrombocytes, which determines, 
on the one hand, changes in functional state and properties of these cells, 
and on the other - elimination from and entering in the blood circulatory 
channel different biologically active substances and components of the cell 
surface. It was determine, that UV radiation invokes photolysis of proteins - 
disintegration of composite albumin molecules with formation of products 
both with smaller, and with greater, than initial, molecular weight. These 
substances play a role of antigens, launching the appropriate immune 
reactions in the organism of the patient. Some studies suggested that UV 
radiation with wavelength of 254 nm induces structural and conformational 
changes of thermolabile proteins of plasma, hemoglobin, ceruloplasmin, 
albumin, globulin etc., which cause considerable changes of functional 
activity of blood proteins. As a result UV radiation induced synthesis of 
biologically active substances - prostaglandins, hormones and so on, 
appearing in the blood.  
 
One of the mechanisms of medical activity of extracorporeal UBI is the 



stimulation of processes of hemopoesis. UV irradiation has positive influence 
on morpho-functional properties of erythrocytes. As a result of irradiation the 
quantity of misshapen red cells is decreasing, together with increasing their 
steadiness towards chemical influences. The release into the peripheral blood 
circulation of young cells with high metabolic and receptor activity is also 
recorded. The transfusion of UV irradiated blood results changing in 
quantitative and functional state of leukocytes. Simultaneously the changes 
in population of leukocytes take place - the number of immature cells is 
diminishes and the amount of lymphocytes, monocytes and eosinophils is 
enlarged. The amount of lymphocytes is enlarged in higher degree, than 
other leukocytes.  
 
Extracorporeal UBI has normalizing influence on the function of hemostasis 
system: development of hypocoagulating effect at high hemostatic level and 
normalization of function of the system of hemostasis at predilection to 
hypocoagulation of a blood. Extracorporeal UBI affects both parts of the 
hemostasis system: factors of coagulation, and factors of inhibition of 
coagulation of a blood, but the activation of fibrinolysis, as a rule, is more 
expressed. Extracorporeal UBI also reduces viscosity of the blood and 
improves the deformability of erythrocyte membranes, i.e. influences on 
hemorheology system.  
 
It is marked that after extracorporeal UBI the oxygen transport function of 
blood is rising, as well as increasing artero-venous difference between 
oxygen and carbon dioxide level, which reflects enriching utilization of 
oxygen by tissues and activating the oxidize - reduction processes in them.  
 
The bactericidal activity of extracorporeal UBI is implemented by double ways 
- not only and not so much due to the direct bactericidal effect of UV ray, as 
due to activity of the immune answer of the organism. Extracorporeal UBI 
results in changes of functional trends of all parts of immunodefence. UV 
irradiation of blood by small doses in vitro is accompanied by augmentation 
of phagocytic function of granulocytes, rising of an expression of receptors of 
lymphocytes, increasing of activity of immunoglobulins. The transfusion of UV 
irradiated blood in the organism causes rearrangement of the immune 
status, the trends and depth of which depends of its initial condition. In case 
of normal functioning of immune system the influence of extracorporeal UBI 
is not detected, in case of hyperfunction of certain elements - suppressive 
effect and finally normalization of the immune response of the organism is 
recorded. For patients with initial immunodeficiency extracorporeal UBI 
invokes growth of levels of Т- and B- cells with simultaneous rising of 
function activities of these cells, increase of concentration of 
immunoglobulins A, M, G with parallel accumulation of antimicrobial 
antibodies, augmentation of phagocytic activity of granulocytes and humoral 
nonspecific factors.  
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Potential and limitation of UVC irradiation for the inactivation of pathogens 
in platelet concentrates. 

Terpstra FG, van 't Wout AB, Schuitemaker H, van Engelenburg FA, Dekkers DW, Verhaar R, 
de Korte D, Verhoeven AJ. 

http://www.ncbi.nlm.nih.gov/pubmed/18028277?ordinalpos=1&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed_SingleItemSupl.Pubmed_Discovery_RA&linkpos=2
&log$=relatedarticles&logdbfrom=pubmed 

 

Sanquin Research and Landsteiner Laboratory of the Academic Medical Center of the University of 
Amsterdam, Amsterdam, The Netherlands. f.terpstra@sanquin.nl 

BACKGROUND: Pathogen contamination, causing transfusion-transmitted diseases, is an ongoing 
concern in transfusion of cellular blood products. In this explorative study, the pathogen-inactivating 
capacity of UVC irradiation in platelet (PLT) concentrates was investigated. The dose dependencies of 
inactivation of several viruses and bacteria were compared with the effect on PLT quality. STUDY 
DESIGN AND METHODS: The potential of UVC irradiation was studied with a range of lipid-
enveloped (LE) and non-lipid-enveloped viruses (NLE) and bacteria. LE viruses were bovine viral 
diarrhea virus (BVDV), human immunodeficiency virus (HIV), pseudorabies virus (PRV), 
transmissible gastroenteritis virus (TGEV), and vesicular stomatitis virus (VSV). NLE viruses were 
canine parvovirus (CPV) and simian virus 40 (SV40). Bacteria were Staphylococcus epidermidis, 
Staphylococcus aureus, Escherichia coli, and Bacillus cereus. After spiking and irradiation, samples 
were tested for residual infectivity and reduction factors (RFs) were calculated. Furthermore, the effect 
of UVC irradiation on PLT quality was determined by measuring in vitro quality variables. RESULTS: 
A UVC dose of 500 J per m(2) resulted in acceptable PLT quality (as measured by pH, lactate 
production, CD62P expression, and exposure of phosphatidylserine) and high RFs (>4 log) for CPV, 
TGEV, VSV, S. epidermidis, S. aureus, and E. coli. Intermediate RFs (approx. 3 log) were observed for 
BVDV, PRV, and B. cereus. Low RFs (approx. 1 log) were found for HIV and SV40. No differences in 
virus reduction were observed between cell-free and cell-associated virus. CONCLUSION: UVC 
irradiation is a promising pathogen-reducing technique in PLT concentrates, inactivating bacteria, and a 
broad range of viruses (with the exception of HIV) under conditions that have limited effects on PLT 
quality. Further optimization of the UVC procedure, however, is necessary to deal with blood-borne 
viruses like HIV. 

PMID: 18028277 [PubMed - indexed for MEDLINE] 
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Ultraviolet Irradiation of Blood 

G. I. L e v a s h e n k o  

Ultraviolet (UV) irradiation of blood is widely used 
in medical practice for treating various diseases [10, 13]. 
The most probable therapeutic effect of UV radiation 
consists in stimulation of functional activity of formed 
elements of  blood, mostly erythrocytes. Such stimulation 
is the result of removal of products of inflammatory 
processes from the circummebrane layer of erythrocytes 
[3]. There is no considerable dependence of the thera- 
peutic effect on the UV radiation wavelength within the 
250-400 nm range [5]. Within the dose range from 0.6 
to 3.0 J/cm 2, UV radiation with wavelength below 400 nm 
the intensity of 1-5 mW/cm 2 does not induce the pho- 
tochemical transformation of blood components [15]. 

Extracorporeal autotransfusion apparatuses are used 
for UV irradiation of blood. Many models have been 
described [1, 2, 6, 7]. The Izol'da apparatus [9] devel- 
oped in St. Petersburg is the most widely used in Russia, 
although its performance is inferior to that of some other 
models [6]. In this apparatus, blood is irradiated while 
flowing through a l-ram thick flat quartz cuvette in 
which the flow is laminar. Blood is an optically dense 
liquid consisting of  plasma and formed elements (mainly 
erythrocytes). Only 4% of UV radiation passes through 
a 30-gm blood layer [14]. Therefore, it can be assumed 
that only blood elements moving at a distance of less 
than 30 gm from the-irradiated surface (4 layers of 
erythrocytes) undergo effective UV treatment. The de- 
gree of irradiation of the 2nd, 3rd, and 4th layers is 0.42, 
0.18, and 0.08 of the degree of irradiation of the first 
layer, respectively. 

The blood flow rate in large vessels is more than 
100 D/sec, where D is the vessel diameter. Blood in 
vessels flows as a Newtonian fluid with Poiseuille's 
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parabolic flow rate profile [4]. In the cuvette, the mean 
blood flow rate measured in two modes of pumping were 
found to be 0.7 and 1.4 cm/sec (7 and 14 cuvette 
thicknesses per sec). Therefore, it can be concluded that 
blood in the cuvette flows as a non-Newtonian fluid. In 
this case, the flow rate in all layers is almost the same 
[8]. Therefore, the energy of irradiation of erythrocytes 
equal to the product of radiation intensity multiplied by 
the exposure time depends only on the optical density 
of blood. The energy of irradiation of erythrocytes at a 
depth of 30 gm is 12-13-fold less than at the cuvette 
surface. The radiation dose received by erythrocytes moving 
at a distance larger than 30 gm from the irradiated 
surface is negligible. If the length of the cuvette is 14 cm 
and a DRB-8 lamp with the radiation intensity of 2.5 mW/crn 2 
is used, the energy received by erythrocytes in the first 
layer is 50 or 25 mJ/cm 2 according to the mode of 
pumping; in the 4th layer, 4 or 2 mJ/cm z, respectively. 
Thus, the Izol'da apparatus provides irradiation of blood 
within the 2-50 mJ/cm 2 (or 0.7-17 mJ/cm 2, taking into 
account only the 30 gm thick surface layer) energy range 
(the estimation error is not more than 30%). Undoubt- 
edly, UV irradiation of blood using the Izol'da apparatus 
has an appreciable therapeutic effect. However, the efficacy 
of irradiation of various blood elements in case of minimum 
(2 mJ/cm 2) or maximum (50 mJ/cm 2) radiation energy 
density is yet to be studied. 

It should be noted that only irradiation of blood cells, 
rather than blood as a whole, as it was incorrectly 
interpreted in [9], provides a therapeutic effect. Only 3% 
of blood passing through the cuvette is actually exposed 
to the UV radiation. Therefore, when blood passes through 
the cuvette a second time, most of  the already irradiated 
blood cells do not receive a new dose of radiation. 

Analysis of energy characteristics of apparatuses for 
UV irradiation of blood and clinical experimental trials 
showed that the use of these apparatuses provide a thera- 
peutic effect if the following conditions are met: 

0006-3398/99/3303-0141522,00 © 1999 Kluwer Academic/Plenum Publishers 



"Visible Light Pulses Knock Out Viruses in Blood"  ( 13:28,  27 July 2007 )  by Belle Dumé 

http://www.newscientisttech.com/article/dn12368-visible-light-pulses-knock-out-viruses-in-blood.html 

The technique destroys a virus with a pulse of light from a low-power laser. The pulse produces 
mechanical vibrations in the virus shell, or capsid, irreversibly damaging and disintegrating it, and so 
"deactivating" the virus for good. The technique might be used to kill HIV, as well as hepatitis C, say the 
researchers involved. Traditional methods of destroying viruses, such as UV irradiation, can cause 
mutations, which eventually make the micro-organisms resistant. UV light can also damage the DNA of 
surrounding healthy cells. Scientists have also tried using microwaves to kill viruses but this is even 
less promising since the water in and around a micro-organism strongly absorbs this frequency of light. 
Most of the energy from the microwave radiation is absorbed by the water and does not even reach the 
virus itself. The researchers applied pulses of purple-coloured light lasting just 100 femtoseconds (10-
15 seconds) to viruses called M13 bacteriophages. It takes just a single pulse to destroy the viruses 
completely, say the researchers. The "power density" of the laser is just 50 megawatts per square 
centimetre, which is low enough to leave surrounding human cells and tissue undamaged, but high 
enough to produce large-amplitude vibrations in a virus's capsid. It is also too low to cause genetic 
mutations, meaning the virus will not build up resistant to the treatment over time. Disinfecting blood - 
Tsen told New Scientist that the technique could be used to disinfect blood or other biological samples 
in hospitals. "In addition, we believe that the method may be especially important in designing novel 
treatments for blood-borne viral diseases," he said. "For example blood dialysis allows us to irradiate a 
patient's blood outside the body and potentially cleanse it of infectious virus particles before 
reintroducing it into the patient. In this way, we could reduce mortality associated with diseases like 
hepatitis C and AIDS." The team now plans to test the efficacy of its technique in killing a wide range of 
deadly viruses, including HIV and hepatitis C. "We also plan to conduct further tests on the effects of 
the low-power visible laser on mammalian cells to determine any potential side effects and confirm that 
it selectively kills viruses," said Tsen.  

 

http://www.iop.org/EJ/abstract/0953-8984/19/32/322102  

Inactivation of Viruses with a Very Low Power Visible Femtosecond Laser 

K T Tsen, et al., 2007 J. Phys.: Condens. Matter 19, 322102 (9pp); doi: 10.1088/0953-
8984/19/32/322102  

K T Tsen1, Shaw-Wei D Tsen (2), Chih-Long Chang (2), Chien-Fu Hung (2,3), T-C Wu (2,3,4,5) and 
Juliann G Kiang (6,7,8)  
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21231, USA  
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20889-5603, USA  
(8)  Department of Pharmacology, Uniformed Services University of The Health Sciences, Bethesda, 
MD 20889-5603, USA  

Abstract -- We demonstrate for the first time that, by using a visible femtosecond laser, it is effective to 
inactivate viruses such as bacteriophage M13 through impulsive stimulated Raman scattering. By using 
a very low power visible femtosecond laser having a wavelength of 425 nm and a pulse width of 100 fs, 
we show that M13 phages were inactivated when the laser power density was greater than or equal to 
50 MW cm-2. The inactivation of M13 phages was determined by plaque counts and depended on the 
pulse width as well as power density of the excitation laser.  
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ABSTRACT

Aim: This experiment studied the light absorption laws of the blood components between 240-800nm. Methods: The

absorbance and transmittance of the blood components were measured by applying a model UV-365 double beam

scanning spectrophotometer with an integral sphere, between 240-800nrn. Results: The results show: 1) The

absorbance and transmittance laws resemble each other in blood of the Groups A,B,AB and 0. 2)Between 600-800nm,

the absorbances of the whole blood, erythrocyte, leukocyte, plasma and serum are less than 5%,While the
transmittances of them are more than 95%. 3)To erythrocyte and lymphocyte, typical absorption peaks appear at 416.57

1 .90, 542.71 1.80,578.57 1 .8mm. Conclusion: These results provide some useful parameters for the optical

properties of blood and the clinical application.

Key words: Light, laser, blood components, absorbance.

1. INTRODUCTION

The light and laser are used widely in the treatment and diagnosis of cardiovascular diseases, tumors and
hematopathy etc. Many wonderful results have been obtained in thrombectomy, clearing atherosclerosis and myocardial

revascularization; but some unfavourable effects of the laser on the blood in the blood vessels have been noted when

using laser application in cardiovascular diseases by researchers at home and abroad11'2'31.It is worth studying how the

light affects the blood, which blood components are mainly affected, and which wavelength of the light mainly affects

the blood components. The biological effects of the laser are believed to be directly related to the quantity of light

absorbed by the biological tissues41. In order to understand the effects of the light and laser on the different blood

components, We focus on studying the light absorption laws of the blood components. In our experiment some

satisfactory results and useful parameters have been obtained for the optical properties of blood and clinical

applications of cardiovascular diseases, photodynamic therapy( PDT), and intravascular low level laser irradiation, to

list a few.

*
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2. MATERIALS AND METHODS

2.1.Specimen. Twenty healthy individuals, aged 20-45 years, were chosen for the experiment at random. Of the 20

subjects, 5 of the them were A type of blood; 5 B type of blood; 5 AB type of blood and 5 0 type ofblood. The blood

was anticoagulated by anticoagulant acid citrate dextrose solution (ACD solution) after being collected from upper

extremity veins by venipuncture.

2.2.Separation process of the blood components
a J-6B model(Beckman) and a LD-5 model (Pecking)centrifuges were used to separate blood components in a

purified working house.
2.2. 1 Separation process of the serum, plasma and red blood cell(RBC): these were separated respectively by the

adopted conventional methods5.

2.2.2 Separation process ofthe lymphocyte(Lym) and granulocyte: 20 ml anticoagulative blood was infused into the

centrifuge tube where there was 20 ml Ficoll-corary centrifugate at the tube bottom. Then it was separated for 15

minutes with the LD-5 model centrifuge, rotating 1800-2000 r.p.m. Lym, RBCand granulocyte may be separated from

each other, and then sucked away by using tubule respectively.

2.3 Dilution and measurement of absorbance.
All the specimens were diluted by the normal saline( Ns), and their absorbance and transmittance were measured by

applying a model UV-365 double beam scanning spectrophotometer with an integral sphere, which was controlled by a

computer, after 12 hours when the blood was collected, between 240-800nm(wavelength accuracy: 0.lnm).

2.4 Comtrol groups: normal saline was adopted as control of the serum. The corresponding concentration saline

and ACD solution were used as controls of the plasma and RBC. The corresponding concentration Ns, ACD solution

and Ficoll-corary centrifugate were chosen as the control solutions ofthe lym and granulocyte.

3. RESULTS

3 .1 . Between 240-800nm,the absorption and transmission laws of A,B, AB and 0 Groups of blood components

showed no obvious difference. Their changing tendency and peaks' wavelength were the same. This shows that

absorbance, transmittance and reflectance of different blood Groups components resemble each other.

3 .2.The outstanding absorption peaks appeared at 416 1.90, 542.71 1 .81, 578.57 1 .8mm in the absorptions

curve of RBC, but there were also absorption peaks at 282 2, 345 mm. The absorbance of RBC almost reached zero

and no characteristic absorption peaks between 600-800nm wavelength were observed. These results indicate that the

absorption laws of the whole blood is similar to that of RBC except for an absorption valley at 260 mm and an

absorption peak at 282

3.3. Their changing tendencies of the absorption laws of lymphocyte and granulocyte resembled each other. Both of

them had a notable absorption peak at 416.57 1.9Onm, especially in the lymphocyte's curve. Two little absorption

peaks appeared at 542.71 1.81, 578.57 1 .8mm in the lymphocyte's curve, but nothing in granulocyte's absorption

curve. However both the lymphocyte and granulocyte's absorbance reached 100 percent between 240-350nm.

3.4.The absorption laws of the serum and plasma: The sharp absorption peak appeared at 416±1 .9Onm and two little

absorption peaks at 542.71 1.81, 578.57 1.8mm in the serum's curve; but only a cylindrical absorption peak
appeared at 416.57 1.9mm and a smoothness peak at 485nm in the plasma's curve. The light between wavelength
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240-350nm was totally absorbed by the stock solution of the serum and plasma. When we reduced the serum's

concentration, there was an absorption valley at 255nmand an absorption peak at 282nm.

3.5.The transmission laws ofthe blood components are illustrated in Figure 1.

8 7
5
E
=
I-.

wavelength(nm)
Fig 1 . Transmission spectrum ofthe blood components

(l)-erythrocyte (2)-granulocyte

(3)-lymphocyte (4)-plasma

4. DISGUSSION

Different oligosaccharides composed of four glycogens in the membrane of RBC and WBC resulted in the different

blood types6, but the main compositions of RBC and WBC were the same. This may be the cause of the similar

absorption and transmission law. Accordingly, three deductions can be made:D.The light absorption and transmission

properties of the four blood types are the same, i.e., the different oligosaccharides containing four glycogens do not

cause the special absorption and transmission features. The main construction's(Hb) light absorption and
transmission are stronger than those of the different fine oligosaccharides between 240-800nm. It may cover the

different optical characteristics caused by the different fine construction in the RBCand WBC membranes.®.There is

no difference between 240-800nm, but that requires further study using a different spectral region. However, a little

difference was observed in quantity, due to the different blood concentration. Our study has confirmed that this
difference is negligible if we can achieve the correct blood concentrations.

GS.Thomas Ct al7'8studied the porphyrin spectrum and found that its characteristic absorption peaks appeared at 415,

540, 578nm. The main construction of RBC was haemoglobin(Hb), and the chemical composition was

hematoporphyrin. The three absorption peaks obtained from our experiment may be the characteristic peaks of Hb.

The wavelengths of the three peaks, reported at home and abroad, are slightly different. This maybe caused by the

1
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different equipments and experimental conditions. Nevertheless, our results came from statistical analysis obtained by

the computer (mean S).
The results of our experiment indicate that there is a strong light permeability for the blood components between

wavelength range 600-800nm, but less absorption, as illustrated in Figure 1.If this kind of light is chosen to be utilized

in the blood vessel, the blood components will absorb less light and be affected only a little. But if the light wavelengths

ranging between 240-300nm and 416.57 1.9Onm are applied .The blood components will absorb more light energy,

and be affected to a greater degree, especially in the RBC, Lym and granulocyte. HS.Steven11 found that it was easy to

form blood clots on the laser probe when the laser probe was applied to cure diseases in the blood vessel. In terms of

the absorbance, the possibility to form a blood clot will be reduced if we choose the light that blood absorbs less. A

group of statistics the whole blood absorbance and transmittance of some common lasers between wavelength range of

240-800nm were obtained from our experiment in order to provide a scientific basis and parameters for choosing

suitable laser for clinical use. These data vary with blood concentration, so their absolute value is insignificant.

Between 240-800nm, changing tendencies of the light absorption and transmission of RBC and the whole blood are

similar to some degree to that of the fresh tumor tissue and skin in vivo, which we have studied9"°". Blood

characteristic absorption peaks appeared in the fresh tumor tissue and skin in vivo. This shows that we must
consider the blood influences while utilizing lasers to cure tumors and dermatopathy.

There were some different absorption properties between the plasma and serum, which only lacks fibrinogen

coagulation factor 3. Two very small absorption peaks appeared at 542.71 1 .81,578.57 1.8mm in their absorption

curve,probably due to a few destructive RBC in them. Both of them had an absorption peak at 416.57 1 .9Onm, and

there was a smoothness absorption peak for plasma at 485nm.When we reduced its concentration, the plasma absorption

curve had a valley at 260 mm, a peak at 282 2nm. The valley and the peak were corresponding to that of the whole

blood, which was probably the absorption peak of protein.

Table I. Absorbance and transmittance of some common lasers

Laser Wavelength(nm) absorbance(%) transmittance(%)

XeC1 308 16.0 70.1

XeF 351 27.5 53.8

He-cd 442 23.5 58.6

Ar 488 8.1 86.0

Ar 515 6.7 88.8

Nd:YAG 532 12.5 78.1

Cu 578 15.5 70.4

He-Ne 632.8 1.2 97.2

Ruby 694 1.1 97.3

In conclusion, we studied the light absorption and transmission laws of the blood components, i.e. the relationship

between the blood and the light from 240nm to 800nm. GS.Abela et a12'31 have made some preliminary studies on the

effects of the argon laser radiation on blood. It is necessary to combine the two research methods to move forward in

studying the influence of laser on blood.
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Low-dose UVB radiation perturbs the functional expression of B7.1 
and B7.2 co-stimulatory molecules on human Langerhans cells. 
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Department of Dermatology, University of Freiburg, Germany. 

In previous studies, we have shown that ultraviolet (UV) B radiation perturbs the APC 
function of Langerhans cells (LC) by interfering with as-yet unidentified co-stimulatory 
signals. Recently, B7.1 and B7.2 on APC were shown to deliver important co-stimulatory 
signals through interaction with their counter receptors CD28 and CTLA-4 on T cells. To 
determine whether UVB affects the functional expression of B7.1 or B7.2 on LC, B7.1 and 
B7.2 expression was studied on human LC by multiparameter flow cytometry. Little, if any, 
B7.1 or B7.2 was detected on LC freshly isolated from skin. However, following 48 h of 
tissue culture, expression of both B7.1 and B7.2 were markedly up-regulated. To test whether 
these molecules were functional, primary mixed epidermal cell leukocyte reactions 
(MECLR) were performed. Blocking monoclonal antibody (mAb) to B7.1 or B7.2 both 
inhibited the MECLR, with anti-B7.2 being much more effective than anti-B7.1. UVB 
radiation dose-dependently (100-200 J/m2) suppressed the culture-induced up-regulation of 
B7.1 and B7.2 on LC. Since LC exposed to the same UVB flux (UVB-LC) failed to stimulate 
alloreactive T cells in a MECLR, we questioned whether this was related to their inability to 
provide B7 co-stimulation. Indeed, when effective B7-CD28 signaling was ascertained by 
adding submitogenic doses of exogenous anti-CD28 mAb to UVB-LC, the proliferative 
response of alloreactive T cells was restored. We conclude that the suppressive effects of 
low-dose UVB radiation on the APC function of LC are, at least in part, due to an inhibition 
of functional B7.1 and B7.2 expression. 

PMID: 7589083 [PubMed - indexed for MEDLINE] 
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SUMMARY 

U.v. irradiation of SH-RP cells, a lymphoblastoid cell line carrying Epstein- 
Barr virus, which was derived from a patient with acute myeloid leukaemia, 
retarded cell growth but significantly enhanced the percentage of cells containing 
virus-capsid antigen (VCA) as demonstrated by indirect immunofluorescence. The 
effects of u.v. irradiation on SH-RP cultures were reversible under normal 
conditions of medium replenishment every four days. Starving the cultures did 
not modify these effects. 

Since Epstein, Achong & Barr (I964) first detected the Epstein-Barr virus (EBV) in 
a lymphoblastoid cell line derived from Burkitt's lymphoma, many such lines have been 
established from infectious mononucleosis (Pope, I967; Diehl et al. 1968; Hirschaut et al. 
I969), Burkitt's lymphoma (Epstein, Barr & Achong, I964; Epstein, Achong & Pope, 
I967), nasopharyngeal carcinoma (de The et al. I969) and leukaemia (Moore et al. I966; 
Pope I968), as well as normal blood donors (Gerber & Monroe, 1968). The majority of these 
lines can be shown to carry the EB virus by electron microscopy or by immunofluorescence 
(Epstein & Achong, 1968). In lines negative for EBV by these criteria, the presence of the 
virus genome has nevertheless been demonstrated (Zur Hausen & Schulte-Holthausen, 
197o; Gerber, i972; Hampar et al. I972 ). 

Although it has been strongly suggested that all the cells in such lines carry the EBV 
genome (Zajac & Kohn, I97o; Sugawara, Mizuno & Osato, I97z), only a small proportion 
of the cells exhibit the virus-capsid antigen (VCA) (Henle & Henle, I966). This is also true 
in the clonal lines derived from Burkitt's lymphoma cell lines (Hinuma et al. I967). Studies 
of the properties of EB¥ and of the epidemiology of diseases with which it has been found 
in association would be materially assisted by an increased availability of VCA-producing 
cells. Henle & Henle 0968) reported that the production of this virus antigen can be en- 
hanced if the growth of the host cells is retarded by lowering the incubation temperature or 
by employing an arginine-deficient medium. 

This paper describes the use of u.v. irradiation as an alternative method by which the 
production of VCA may be enhanced. 

* Senior Research Fellow of the National Health and Medical Research Council of Australia. 



136 ] ' .  K.  L A I ,  E. M. M A C K A Y - S C O L L A Y  A N D  M. 1% A L P E R S  

M E T H O D S  

Media. BME-m: basal Eagle's medium (Grand Island Biological, N.Y.) with To % foetal 
bovine serum (FBS) (Bio-Cult, U.K.), ~oo units/ml penicillin and Ioo #g/ml streptomycin. 
I64o-2o: Roswell Park Memorial Institute Medium 164 o (Grand Island Biological, N.Y.) 
in 2o % FBS, TOO units/ml penicillin and Too #g/ml streptomycin. 

EBV-carrying cells. The SH-RP line established at this laboratory from a patient with 
acute myeloid leukaemia (Lai et al. 1973) was employed. This line had been cultured in 
our laboratory for 6 months and repeatedly tested for mycoplasma with negative results. 
The percentage of fluorescing cells in this line is low and ranges between 4"3 % and less than 
1%. QIMR-WIL cells (Pope, 1968) were also used initially in preliminary studies. The cells 
were cultured in BME-Io and medium changes were normally made every 4 days. 

EBV-capsid antigen negative line. The Raji line of Burkitt's lymphoma, kindly supplied 
by Dr J. H. Pope of the Queensland Institute of Medical Research, Australia, was employed. 
Although these cells carry the EBV genome (Zur Hausen & Schulte-Holthausen, I97O), 
they do not exhibit VCA. These were cultured in I64o-2o medium and used as controls. 

Experimental design. SH-RP cell subcultures grown in BME-Io for 5 days were mixed to 
form a common pool, on which total cell counts and viable counts were carried out. Acetone- 
fixed cell smears were prepared from the pool for the demonstration of EBV antigen-producing 
cells by immunofluorescence. The SH-RP cells were sedimented, half of the old medium was 
removed, and the culture pool replenished with an equal amount of fresh BME-Io. 

For  each experiment, ten replicate SH-RP cultures were set up from the common pool: 
seven of these were test cultures and were u.v.-irradiated; the remaining three were controls. 
Similarly, ten Raji cultures, irradiated and non-irradiated, were used as negative controls. 
In one experiment the cultures were fed normally - that is, every fourth day, by sedimentation 
of  the cells and replacing a fifth of the medium with fresh BME-Io. In the others, the cul- 
tures were maintained for IO days without feeding, or were fed every other day. All cultures 
were incubated at 36 °C and in an atmosphere of 5 % carbon dioxide. 

Acetone-fixed cell smears were prepared from all the cultures of each experiment at 
days z, 4, 8 and Io for the estimation of the percentage of fluorescing cells; at the same 
time, cell viability was estimated. Total counts and viable counts were carried out on all 
the cultures of each experiment by the dye-exclusion method using trypan blue and a bright 
line haemocytometer (Spencer, Buffalo, N.Y.). At least three counts were carried out on 
each of  the seven test cultures with a minimum of 8oo viable cells per count. The means of 
these counts gave the values plotted in Figs. 2 to 4. The percentage of viable cells for each 
observational point in Fig. I was obtained from: 

mean of viable cell counts in 7 test cultures 
× TOO. 

mean of total cell counts in 7 test cultures 

Similarly, the mean viable cell counts and the percentages of viable cells were calculated 
from triplicate counts in all three control cultures for the same observational points. 

Each experiment was subsequently repeated twice, and the figures were found to be com- 
parable. 

U.v. irradiation. Test cultures were exposed for IO rain to a u.v. light source provided by 
a sterilizer lamp (Oliphant, South Australia, G 24 T7 H), which gives a wavelength of 2753/~, 
at a distance of  58 cm. The energy supplied by the lamp was measured as 4o #W/mm 2 by 
a Black-Ray Ultraviolet Intensity Meter (Ultraviolet Products Inc., Calif.). 
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Fig. i. Effects of u.v. irradiation on viability. Arrow denotes start of experiment and u.v. irradiation 
at day o. O---O, effects of u.v. irradiation under normal growth conditions 0/5 medium changed 
every 4 days); O- -©,  controls. , - - A ,  combined effects of u.v. irradiation and starving (no change 
of medium over ro days); A - - ± ,  controls. I1--11, effects of u.v. irradiation and frequent change of 
medium (every z days); £I--D, controls. Each solid point represents the mean of 21 observations 
derived from 7 replicate cultures and each open point represents the mean of 9 observations 
derived from 3 replicate controls. 

Immunofluorescence. The techniques used for the preparation of acetone-fixed cell smears 
and for indirect immunofluorescence staining were those described by Henle & Henle 
0966), using fluorescein isothiocyanate-conjugated anti-human globulin (Baltimore Bio- 
logical Laboratories, U.S.A.). Cells evenly spread on the smear were examined under a Leitz 
fluorescent microscope, employing transmitted light through a dark-field toric condenser, 
using an HBO-2oo mercury vapour lamp, a I mm UG-I  excitation filter and a K-45o barrier 
filter. 

Estimation of percentage of fluorescing cells. Microscopic fields at 75o x magnification 
were selected in which the cells were well spread and each contained 5o to I5o evenly dis- 
persed cells to ensure accurate counting. At least 2oo0 cells (2o to 3o fields) were counted 
and fluorescing cells were expressed as a percentage of total cells. 

RESULTS 

Effects of  u.v. irradiation on normally cultured cells 

U.v.-irradiated SH-RP cells incubated for ~o days with a fifth of the medium changed 
every 4 days revealed that cell growth was retarded, with the percentage of viable cells 
remaining relatively constant (Figs. I, 2). There was a slight fluctuation in the number of 
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Fig. 2. Effects of u.v, irradiation under conditions of normal replenishment (I/5 medium changed 
every 4 days as denoted by arrows) on cell growth and percentage of cells exhibiting VCA demon- 
strable by immunofluorescence. 0 - - 0 ,  u.v. irradiated cultures; O--O, non-irradiated controls. 
Cultures were u.v, irradiated at day o, Each solid point represents the mean of 2I observations 
derived from 7 replicate cultures and each open point represents the mean of 9 observations 
derived from 3 replicate controls. 

viable cells coinciding with the change o f  medium.  A m a r k e d  increase was found  in the 
percentage o f  f luorescing cells, reaching a m a x i m u m  of  I4 % on the four th  day  after  i r rad ia-  
t ion (Fig. 2). The effect of  u.v i r rad ia t ion  was reversible:  a sharp increase in viable cells 
occurred 8 days  after  i r rad ia t ion  (Figs. I, 2) with a cor responding  fall in the percentage of  
f luorescing cells (Fig. 2). 

Combined effects of u.v. irradiation and deprivation of new medium 

U.v . - i r rad ia ted  S H - R P  cells incuba ted  for  I o days wi thout  fur ther  addi t ion  of  new med ium 
showed tha t  the increase in the percentage o f  f luorescing cells reached a peak  o f  13"8 % on 
the four th  day  after  i r rad ia t ion  (Fig. 3), s imilar  to the effects o f  u.v. i r rad ia t ion  alone. A p a r t  
f rom an initial  sharp rise and a m a r k e d  fall after the eighth day  of  incubat ion,  the to ta l  
number  and  percentage of  viable cells remained  cons tant  t h r o u g h o u t  (Figs. x, 3). 
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Fig. 3. Combined effects of u.v. irradiation and starving (no change of medium for Io days) on 
cell growth and VCA demonstrable by immunofluorescence. A - - , ,  u.v. irradiated cultures; 
G- -G,  non-irradiated controls. Cultures were u.v. irradiated at day o. Each solid point represents 
the mean of 21 observations derived from 7 replicate cultures and each open point represents 
the mean of 9 observations derived from 3 replicate controls. 

Effects of u.v. irradiation and constant renewal of medium 

When the u.v.-irradiated cultures were fed every 48 h by changing a fifth of the medium, 
there was a steady increase in number and percentage of viable cells throughout the experi- 
ment (Figs. [, 4). The percentage of fluorescing cells also rose slowly to a peak of 7 % on the 
fourth day after irradiation, thereafter falling (Fig. 4). 

DISCUSSION 

The production of VCA can be enhancedby using an arginine-deficient medium (Henle & 
Henle, t968) or by addition of Colcemid for prevention of cell division (Sairenji & Hinuma, 
~97~). Our attempts to increase virus fluorescence of QIMR-WIL cells with arginine- 
deficient medium were not successful and this has been subsequently confirmed by J. H. Pope 
(personal communication), while similar experience with EB-3 cells was also reported by 
G. Hitchcock (personal colrmaunication). Attempts to enhance VCA production with the 
addition of Colcemid to QIMR-WIL cells in our laboratory also proved unsuccessful 
(unpublished data). 

VCA enhancement has also been achieved by Maurer, Glick & Minowada (197o) using 
a temperature cycling method. Activation of VCA production has been reported in the 

I O  V I R  2 I  
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Fig. 4. Effects of  u.v. irradiation and frequent replenishment of  medium 0 / 5  of  medium changed 
every 2 days as denoted by arrows), on cell growth and VCA demonstrable by immunofluorescence. 
m - - m ,  u.v. irradiated cultures; D--El non-irradiated controls. Cultures were u.v. irradiated at 
day o. Each solid point represents 21 observations derived from 7 replicate cultures and each open 
point represents 9 observations derived from 3 replicate controls. 

' virus-negative' lines by the use of bromodeoxyuridine (Gerber, 1972; Hampar et al. 1972). 
Others have reported enhancement of virus-induced membrane antigen reactivity by X- 
irradiation (Yata et al. 197o). In vivo, host antibody levels to membrane antigen (Einhorn, 
Klein & Clifford, 197o) or early antigen and VCA (Einhorn et al. 1972) increased after 
local radiotherapy of the tumour. This may have resulted, at least in part, from a direct 
effect on antigen production similar to that found in the in vitro studies. 

In the present study, u.v.-irradiation of SH-RP cells enhanced the proportion of VCA- 
positive cells almost fourfold as compared to control cultures and caused growth retardation 
in the host cells. There was, moreover, an absolute increase in the number of fluorescing 
VCA-positive cells in the u.v.-irradiated SH-RP cultures: an increase in 4 days from I-2 × lO 3 
cells/ml (0"5% of total cells) to 53.4 × lO 3 cells/ml (14%) compared to 20.8 × lO 3 cells/ 
ml (4 %) in the non-irradiated SH-RP control cultures. 
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Since most of the lymphoblastoid cells existed in clumps in this experiment, and some 
u.v. light would have been absorbed by the medium suspending the cells, the radiation dose 
received by each individual cell would have varied with its spatial position in the culture 
bottle. We assume that some cells were killed, some inhibited (Lebidinsky, Mastryukova & 
Strzhizhovsky, 1961) and some undamaged by the irradiation. The increase in the number 
of  viable cells from 2- 7 x io 5 cells/ml to 4"4 x 1@ cells/ml in the first 48 h after irradiation 
(Figs. 2 to 4) in the presence of fresh medium can be explained by divisions of undamaged 
cells: in unirradiated cultures the number of cells increased to 5"2 x lO ~ per ml. The per- 
centage of viable cells over this period remained fairly constant at 31 to 33 % as compared 
to 3o % originally (Fig. I), while in the unirradiated control cultures it rose to 4o %. When 
fresh medium was readily available, the number and the percentage of  viable cells rose 
slowly (Figs. I, 2 and 4), showing that these effects of u.v. irradiation at the dosage used 
were reversible. Recovery occurred 8 days after irradiation under conditions of normal 
growth, when the irradiated cultures began to divide similarly to the control cultures 
(Figs. I, 2). Failing to replenish the medium resulted in the number and percentage of 
viable cells dropping markedly in the test cultures as well as the controls (Figs. I, 3)- 

The reason for the enhancement of VCA immunofluorescence by u.v.-irradiation is not 
known. Different fractions of host cells are known to have different sensitivities to radiation; 
for example, the nucleoli and cytoplasm, in which ribonucleic acid and protein synthesis 
have been shown to be more active, are more susceptible to u.v. damage (Baltus, 1954; 
Errera & Ficq, 1955). The main site of  replication for EBV as a herpesvirus is in the nucleus 
(Roizman, 1972). It is possible that there is relative protection of virus-DNA and virus 
replication, in the presence of damage to the host cell following u.v. irradiation. The inhibi- 
tion of cell growth would provide increased time for virus replication before cell division 
disrupted this process (Sairenji & Hinuma, I971). Another possibility is that there is a 
difference in sensitivity of the VCA-positive and VCA-negative cells to u.v. light. In the 
experiments of Hampar, Martos & Walker (I97t), Vero cells appeared selectively to 
retain on the monolayer lymphoblastoid cells not actively producing EBV, leaving EBV- 
positive cells in suspension. However, the absolute increase of VCA-positive cells in our 
irradiated cultures was more than twice that in control cultures, and hence relatively greater 
killing of VCA-negative cells by irradiation cannot explain the whole effect. Reactivation 
mechanisms, such as in host-cell reactivation of  u.v.-irradiated extracellular herpesvirus 
(Lytle, 197 x), might be involved in the enhancement. The u.v. irradiation may have had some 
positive effect on virus DNA synthesis, switching on 'virus-negative' cells, but, if so, this 
effect was not a general one for Raji cells which contain the EBV genome but not the virus 
particle, remained VeA-negative throughout the experiment. 

The authors wish to thank Mr G. B. Harnett, Dr P. A. Phillips and Professor N. F. 
Stanley for constructive advice. We are also indebted to Dr W. S. Davidson, Commissioner 
for Health, for permission to publish. 
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BACKGROUND: Transfusion of platelet concentrates (PCs) is the basic treatment for 
severe platelet disorders. PCs carry the risk of pathogen transmission, especially bacteria. 
Pathogen reduction (PR) by addition of photochemical reagents and irradiation with 
visible or ultraviolet (UV) light can significantly reduce this risk. We present a novel 
approach for PR in PCs employing UVC light alone. STUDY DESIGN AND 
METHODS: UVC PR was evaluated by bacteria and virus infectivity assays. PC quality 
was investigated by measuring pH, lactate, glucose, hypotonic shock response, platelet 
aggregation, CD62P expression, and annexin V binding as in vitro parameters. The 
impact of UVC PR on the platelet proteome was assessed by differential in-gel 
electrophoresis and compared with changes caused by UVB and gamma-irradiation, 
respectively. RESULTS: Vigorous agitation of loosely placed PCs generated thin fluid 
layers that allow penetration of UVC light for inactivation of the six bacteria and six of 
the seven virus species tested. HIV-1 was only moderately inactivated. UVC light at the 
dose used (0.4 J/cm(2)) had a minor impact on in vitro parameters and on storage stability 
of treated PCs. Proteome analysis revealed a common set of 92 (out of 793) protein spots 
being affected by all three types of irradiation. Specific alterations were most pronounced 
for gamma-irradiation (45 spots), followed by UVB (11 spots) and UVC (2 spots). 
CONCLUSION: UVC irradiation is a potential new method for pathogen reduction in 
PCs. The data obtained until now justify further development of this process. 

PMID: 19682340 [PubMed - as supplied by publisher] 
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Abstract 

BACKGROUND: Pathogen contamination, causing transfusion-transmitted diseases, is 
an ongoing concern in transfusion of cellular blood products. In this explorative study, 
the pathogen-inactivating capacity of UVC irradiation in platelet (PLT) concentrates was 
investigated. The dose dependencies of inactivation of several viruses and bacteria were 
compared with the effect on PLT quality. 

STUDY DESIGN AND METHODS: The potential of UVC irradiation was studied with 
a range of lipid-enveloped (LE) and non-lipid-enveloped viruses (NLE) and bacteria. LE 
viruses were bovine viral diarrhea virus (BVDV), human immunodeficiency virus (HIV), 
pseudorabies virus (PRV), transmissible gastroenteritis virus (TGEV), and vesicular 
stomatitis virus (VSV). NLE viruses were canine parvovirus (CPV) and simian virus 40 
(SV40). Bacteria were Staphylococcus epidermidis, Staphylococcus aureus, Escherichia 
coli, and Bacillus cereus. After spiking and irradiation, samples were tested for residual 
infectivity and reduction factors (RFs) were calculated. Furthermore, the effect of UVC 
irradiation on PLT quality was determined by measuring in vitro quality variables. 

RESULTS: A UVC dose of 500 J per m(2) resulted in acceptable PLT quality (as 
measured by pH, lactate production, CD62P expression, and exposure of 
phosphatidylserine) and high RFs (>4 log) for CPV, TGEV, VSV, S. epidermidis, S. 
aureus, and E. coli. Intermediate RFs (approx. 3 log) were observed for BVDV, PRV, and 
B. cereus. Low RFs (approx. 1 log) were found for HIV and SV40. No differences in 
virus reduction were observed between cell-free and cell-associated virus. 

CONCLUSION: UVC irradiation is a promising pathogen-reducing technique in PLT 
concentrates, inactivating bacteria, and a broad range of viruses (with the exception of 
HIV) under conditions that have limited effects on PLT quality. Further optimization of 
the UVC procedure, however, is necessary to deal with blood-borne viruses like HIV. 
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Studies of allogeneic bone marrow and spleen cell 
transplantation in a murine model using ultraviolet-B light.  
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Pamphilon DH, Alnaqdy AA, Godwin V, Preece AW, Wallington TB. 

South Western Regional Transfusion Centre, Bristol, UK. 

Ultraviolet irradiation inhibits alloreactive and mitogen-induced responses and might 
reduce both graft-versus-host and host-versus-graft reactions after bone marrow 
transplantation (BMT). We have studied proliferative responses to mitogens and 
reactivity in mixed lymphocyte culture after irradiation with ultraviolet (UV)-B light 
using splenocytes from Balb/c (H-2d) and CBA (H-2k) mice. Response to mitogens and 
in MLC was strongly inhibited by 20 J/m2 and abolished at 50 J/m2. Clonogenic cell 
recovery (CFU-GM; CFU-S) after UV-B irradiation was also reduced. When bone 
marrow and spleen cells were transplanted from parent (Balb/c) animals into F1 hybrid 
(Balb/c X CBA) recipients, all animals died with features indicative of graft-versus-host 
disease (GVHD) in 34 days. If the grafts were first irradiated with 100 J/m2 of UV-B at a 
mean wavelength of 310 nm, then 76% survived to day 80 when they were killed and 
shown to have normal marrow cellularity. The remainder died in marrow aplasia or of 
GVHD. H-2 typing in a group of surviving recipients showed either donor hematopoiesis 
only (8 of 15), mixed allogeneic chimerism (5 of 15), or recipient type hematopoiesis (2 
of 15). Higher doses (200 to 300 J/m2) were detrimental to survival with 88% of 
recipients dying in marrow aplasia. Syngeneic BMT in Balb/c mice showed slower 
hematopoietic reconstitution when the grafts were first irradiated with 100 J/m2. After 
BMT from Balb/c to CBA mice all recipients of unirradiated grafts died within 54 days. 
By contrast, after graft irradiation with 100 J/m2 survival of recipient animals to day 80 
was 59%. If these grafts were treated with 50 J/m2 survival was only 26% with an 
increase in deaths due to GVHD. Hematopoiesis at day 80 in a group of survivors studied 
by Ig heavy chain allotyping indicated donor type hematopoiesis in 6 of 10 (50 J/m2) and 
2 of 9 (100 J/m2). These data indicate that UV-B irradiation inhibits lymphocyte 
reactivity and can prevent GVHD. However, there is clear in vitro and in vivo evidence 
of stem cell damage, such that autologous marrow recovery was demonstrated in a 
proportion of recipients. In parent----F1 UV-irradiated transplants, sustained 
hematopoietic recovery was effected in the majority by donor stem cells. 
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Action of the ultraviolet irradiation of autologous blood on thrombocyte function and 
serum cholesterol values. By means of a screen pressure measurement in vitro in patients 
with arterial occlusive disease during the course of treatment with ultraviolet irradiation 
of autologous blood a normalisation of thrombocyte functions is evident. This effect 
lasted up to a year after beginning of treatment. In the same time a significant 
diminuation of serum cholesterol levels appeared. The course of these parameters permits 
a theoretical confirmation of the observed good clinical long term effects of the 
ultraviolet irradiation of autologous blood and corroborates the acceptability of this 
therapy in cardiological and vascular dispensaires. 
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Abstract 

1. 1. The study of the clinical effects of ultraviolet blood irradiation in 445 consecutive 
and unselected cases of acute pyogenic infections has been made. Confirmation of our 
original preliminary findings was observed. These findings showed that ultraviolet blood 
irradiation therapy was a rapid, efficient and non-specific control of all types of acute 
pyogenic infections (except bacterial endocarditis), the use of which was characterized by 
a quick subsidence of toxic symptoms, a disappearance of bacterial proliferation and 
invasion and an uneventful convalescence. 

2. 2. In seventy-four consecutive and unselected cases of virus or virus-like infections we 
have observed results comparable to the favorable effects observed in its use in acute 
pyogenic infections. 

3. 3. It was found that sulfa sensitive infections are easily and favorably influenced by 
ultraviolet blood irradiation therapy and that a large variety of infections not controlled 
by sulfa drugs can be rapidly and efficiently controlled by ultraviolet blood irradiation 
therapy. 

4. 4. Many penicillin-resistant infections respond favorably to ultraviolet blood 
irradiation therapy, both the acute pyogenic types and the virus or virus-like infections. 

5. 5. We were able to confirm the preoperative protective effect of ultraviolet blood 
irradiation therapy described by Rebbeck and fittingly called the Rebbeck Effect. 

6. 6. There is no contraindication to the joint use of penicillin and ultraviolet blood 
irradiation therapy, but sulfa drugs cannot be safely used in the first four or five days 
following ultraviolet blood irradiation therapy. 
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Abstract 

UV-induced DNA damage in mononuclear leucocytes can be quantified by flow cytometry of 
fluorescence from a labelled monoclonal antibody that specifically binds to thymine dimers (T ↔ T): 
specific fluorescence is already detectable after exposures of 1–2 J m−2 of 254 nm radiation and shows 
a linear relationship with dose. The distribution of UV fluences over an irradiated volume can thus be 
ascertained by measuring the UV-induced T ↔ T loads of the individual cells from that volume. After 
irradiation of mononuclear cells in a phosphate buffer solution in a Petri dish, most cells showed a 
similar intensity of specific T ↔ T fluorescence, forming a single sharp peak in the fluorescence 
histogram. This signifies an even distribution of fluences over the cells. It was noticed, however, that a 
variable minor fraction of mononuclear cells (usually less than 10%) could be resistant to 
immunostaining; this fraction was rejected from the calculation of the specific fluorescence. The flow 
cytometric technique was also applied to blood cells exposed in an ISOLDA device, which is in use in 
Russian clinics for UV irradiation of whole blood for therapeutical purposes. Only a small fraction of 
mononuclear cells in a sample of whole blood treated in ISOLDA acquired a detectable T ↔ T load 
after exposure to lamps which emit predominantly either UVC or UVB light ((3.6 ± 1.0)% and (1.8 ± 
0.4)% of all analysed cells respectively). This small fraction had received a large variation in fluences, 
resulting in differences in nuclear T ↔ T loads by a factor of 200. There had apparently not been 
enough mixing of cells during the UV irradiation of the blood to even out differences in UV fluences. 
Hence the trigger of the reported curative effects of reinfused, UV-irradiated blood would appear to 
originate from the initial photomodification of a minor fraction of the extracted blood volume (1–2 ml 
per kilogram of body mass). 

Author Keywords: Flow cytometry; Thymine dimers; Mononuclear leucocytes; UV irradiation of 
blood  
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Photopheresis: a new therapeutic concept. T Cell Lymphoma 
 
R. L. Edelson 
Department of Dermatology, Yale University School of Medicine, New Haven, Connecticut 06510. 
 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2589156/ 
 
 
Photopheresis, the process by which peripheral blood is exposed in an extracorporeal flow system to 
photoactivated 8-methoxypsoralen (8-MOP), is a new treatment for disorders caused by aberrant T 
lymphocytes. It is now a standard therapy for advanced cutaneous T-cell lymphoma and shows 
promise in the treatment of two autoimmune disorders, pemphigus vulgaris and progressive systemic 
sclerosis (scleroderma). Additional diseases for which clinical trials are in progress include multiple 
sclerosis, organ transplant rejection, rheumatoid arthritis, and AIDS. The mechanism of action appears 
to involve a "vaccination" against the pathogenic T cells, in a clone-specific manner. Photoactivated 8-
MOP initiates a cascade of immunologic events by forming covalent photoadducts with nuclear and 
cell surface-adherent DNA and possibly with other cellular molecules. For reasons not yet fully 
clarified, but probably related to enhanced cycling of the T-cell receptor for antigen, photopheresis 
increases the immunogenicity of the irradiated T cells so that their reinfusion induces a therapeutically 
significant immunologic reaction that targets unirradiated T cells of the pathogenic clone(s). The 
specificity of the induced immunologic reaction probably results from the extremely disproportionate 
expansion of the pathogenic clone(s), relative to the several million other clones of normal T cells. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2589156/


Small-scale extracorporeal photopheresis for the treatment of cutaneous T-
cell lymphoma: A report of 3 cases 
 

ransfusion and Apheresis Science, Volume 32, Issue 2, Pages 197-203 
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Extracorporeal photopheresis is an accepted method for the treatment of cutaneous T-cell lymphoma 

T
T.Schreiner, A.Gaczkowski, K.Scharffetter-Kochanek, H.Borberg 

Abstract 

and much progress has recently been achieved in therapy and understanding of its mechanism. In 
general large numbers of white blood cells are collected by a cell separator and irradiated in the 
presence of 8-MOP. In contrast to this practice, data from an animal model showed that as few as 0.2% 
of the body’s blood volume irradiated are sufficient to achieve an immune response after 
photopheresis. Based on these data we developed a small-scale photopheresis procedure a
the method in 3 end-stage T-cell lymphoma patients who were not eligible for apheresis. The 
mononuclear cells from 50ml of blood were separated by density gradient centrifugation, irrad

nd applied 

iated 
with UV-light in the presence of 8-Methoxy-Psoralen (MOP) with 2J/cm2 and reinjected. 2–3 
treatments per week were conducted. The three patients—2 male and 1 female, age 63–86, Sez
syndrome (1x) and mycosis fungoides in tumour stage (2x)—showed no side effects on cell injectio
The two patients with mycosis fungoides showed a prompt regression and softening of the tumours. 
The patient with Sezary syndrome developed numerous necrotic spots on the skin after 6 weeks of 
therapy that turned normal within a few days. Patient 1 died of pneumonia 4 weeks after the start of
therapy and patient 3 died of heart failure 8 weeks after start of therapy, both during regression of the
tumours. Patient 2 was treated over a period of 11 months, with an initial regression in the first weeks 
followed by a slow progression of the tumours after she rejected any form of further treatment. 

ary 
n. 

 
 

The small-scale extracorporeal photopheresis therapy presented is effective in cutaneous T-cell 
ditions 

 

lymphoma. But questions regarding the optimal number of cells irradiated per treatment, the con
of cell incubation after irradiation and the number of treatment cycles are still open. Therefore further 
studies are required to establish a method that is effective and circumvents the use of apheresis 
technology. 
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Effect of ultraviolet blood irradiation and oxygenation on nerve function and function of the red blood 
cell membrane pump in patients with acute cerebral infarction  

Jiaquan Wang  Chun Mao  Kaifu Ma  Shiqing Wang  
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BACKGROUND: Ultraviolet blood irradiation and oxygenation (UBIO) has obtained better clinical 
effect in treating acute cerebral infarction, but the mechanism underlying this effect remains 
unclear.OBJECTIVE: To observe the effect of UBIO on the nerve function and activities of K+-Na+-
ATPase and Ca2+-Mg2+-ATPase activities on the red blood cell (RBC) membrane of patients with 
acute cerebral infarction.DESIGN: A randomized and controlled study.SETTING: Department of 
Neurology, Xiangfan Central Hospital.PARTICIPANTS: From January 2000 to December 2001, 
excluding those above 70 years old, 58 cases of 700 patients with acute cerebral infarction admitted in 
the Department of Neurology, Xiangfan Central Hospital, were recruited and divided into two groups 
according to the random number table: UBIO treated group (n=28), including 17 males and 11 
females, aged 40-68 years; and control group (n=30), including 20males and 10 females, aged 44-69 
years. All the patients agreed to participate in the therapeutic program and detected items. The general 
informations were comparable without obvious differences between the two groups (P � 
0.05).METHODS: � The patients in both groups received routine treatments, besides, those in the 
UBIO treated group were given UBIO treatment by using the XL-200 type therapeutic apparatus 
produced in Shijiazhuang, whose ultraviolet wave was set at 253.7 nm with the energy density of 0.568 
J/m2 per second, UBIO treatment started from the second day after admission, once every other day, 
with a single course consisting of 5-7 treatments. � In the UBIO treated group, the venous blood was 
sampled before and after the first, third and the completion of the treatment course respectively, the 
venous blood was taken at each corresponding time point in the control group. After centrifugation of 
the blood at 10 000 rounds per minute,the RBC membrane was separated and then the activities of K+-
Na+-ATPase and Ca2+-Mg2+-ATPase were detected by means of phosphorus determination. � The 
nerve function was scored before and after treatment in both groups with European stroke scale, which 
included 13 items, the total score was 0-100 points,the higher the score, the better the nerve 
function.MAIN OUTCOME MEASURES: � Score of European stroke scale before and after 
treatment in both groups.� Comparison of the activities of K+-Na+-ATPase and Ca2+-Mg2+-ATPase 
on RBC membrane between the two groups before treatment and after the first, third and the 
completion of the treatment.RESULTS: All the 58 patients with cerebral infarction were involved in 
the analysis of results. � The score of European stroke scale had no obvious difference between the 
two groups [(49.31 ±11.48), (50.58±12.63),P � 0.05], and it was obviously higher in the UBIO treated 
group than in the control group after treatment [84.66±13.75), (77.05±11.17), P � 0.05]. � The 
activity of K+-Na+-ATPase on RBC membrane in the UBIO treated group was significantly increased 
after the first and third treatment as compared with before treatment [(31.56±19.25), (27.64±15.83), 
(17.67±13.83), P � 0.01], it was still higher after the completion of the treatment than before treatment 
without obvious difference [(20.86±14.53), P � 0.05]. After the first and third treatment, it was 
obviously higher in the UBIO treated group than in the control group [19.31±11.88),(17.44±10.42), P 
� 0.01]. � In the UBIO treated group, Ca2+-Mg2+-ATPase activity on RBC membrane significantly 
increased after the first treatment and remained higher than the pre-treatment level throughout the 
treatment [(27.49±14.72), (17.41 ±4.82), P � 0.01]. The activity of Ca2+-Mg2+-ATPase on RBC 
membrane was markedly higher in the UBIO treated group than in the control group after after the 



first, third and the completion of treatment respectively [(24.83±12.88), (17.70±5.69); (28.08±13.44), 
(16.32±5.29);(17.42±6.04),P � 0.05-0.01].CONCLUSION: The effect of UBIO treatment against 
acute cerebral infarction may be mediated by the increased K+-Na+ ATPase and Ca2+-Mg2+-ATPase 
activities on RBC membrane, which enhances the RBC transformation ability so as to lower RBC 
aggregation and correct high blood viscosity. 



Diffuse peritonitis 

Khirurgiia (Mosk). 1997;(4):44-7. 

[Ultraviolet autoblood irradiation in multimodal treatment of patients 
with diffuse peritonitis] 

[Article in Russian]     
http://www.ncbi.nlm.nih.gov/pubmed/9297003?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_
RVDocSum&ordinalpos=2 

Ashurov BM, Kuliev EA, Aliev MIa, Bagirov GS, Rustamov VM. 

The influence of ultraviolet autoblood irradiation (UV-ABI) on the treatment of patients 
with disseminated peritonitis has been studied. 109 UVABI procedures in 35 patients 
have been done. The general blood toxicity, plasma toxicity, sugar, creatinine and urea 
blood concentrations have decreased after the UVABI. Positive changes of immune 
system were detected: an increase of the T-lymphocytes number (60%), B-lymphocytes 
number (10%), and M.G.A immunoglobulins. The number of the circulating 
immunocomplexes has decreased by 36.5%. The UVABI is recommended for clinical use 
as an effective method of detoxication and immunocorrection. 

PMID: 9297003 [PubMed - indexed for MEDLINE] 
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Infiltrative pulmonary tuberculosis  

Probl Tuberk Bolezn Legk. 2009;(9):20-3. 

The efficiency of ultraviolet autologous blood irradiation used in the complex 
therapy of infiltrative pulmonary tuberculosis in children and adolescents 

[Article in Russian]   
http://www.ncbi.nlm.nih.gov/pubmed/19882857?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_Result
sPanel.Pubmed_SingleItemSupl.Pubmed_Discovery_RA&linkpos=2&log$=relatedarticles&logdbfrom=pubmed 

Shurygin AA.  

The purpose of the investigation was to study the clinical efficiency of ultraviolet autoblood irradiation 
(UVABI) used in the complex therapy of children and adolescents with infiltrative pulmonary tuberculosis. 
A controlled randomized study of the results of treatment in two groups of patients who had or had not 
received UVABI during the standard complex therapy was carried out by the experiment-control principle. 
The groups were randomized (first - second). In 91.9% of the children and adolescents with infiltrative 
tuberculosis, the process was accompanied by impaired immune defense with bacterial isolation in 68.0 to 
54.1% of cases; every two patients had drug-resistant Mycobacterium tuberculosis. The use of UVABI in 
the complex therapy of patients with tuberculosis was ascertained to promote a rapid, two-fold more 
frequent bacterial isolation cessation resulting in a epidemic danger reduction in the patients, to have a 
positive impact on the formation of immune defense, mainly of a phagocytic link, in children and 
adolescents, to exert a detoxifying effect, to favor a better tolerability of antituberculous drugs, to cause 
positive X-ray changes, and to improve the quality of life. The clinical and laboratory effectiveness and 
safety of UVABI allow recommendation that the latter be introduced into a treatment protocol for children 
and adolescents with infiltrative pulmonary tuberculosis. 

PMID: 19882857 [PubMed - indexed for MEDLINE] 
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LBI in asthma patients 
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Title:  Influence of He-Ne laser blood irradiation on morphofunctional 

state of monocytes in asthmatic patients 
Authors:  Paleev, N. R.; Slinchenko, O. I.; Ilchenko, V. A.; Vasilenko, I.; 

Konradov, A. A.; Tychinsky, Vladimir P. 
Affiliation: 

 

AA(M.F. Vladimirsky Moscow Regional Research Clinical 
Institute) AB(Scientific Ctr. of Cardiovascular Surgery) AC(M.F. 
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AD(Institute of Rheumatology) AF(Moscow Institute for 
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Publication: 
 
Proc. SPIE Vol. 2630, p. 142-146, Effects of Low-Power Light on 
Biological Systems, Tiina I. Karu; Anthony R. Young; Eds. (SPIE 
Homepage) 

Publication Date:  01/1996 
Origin:  SPIE 
Abstract Copyright:  (c) 1996 SPIE--The International Society for Optical Engineering. 

Downloading of the abstract is permitted for personal use only. 
Bibliographic Code:  1996SPIE.2630..142P 

Abstract 
In recent years we have been working out a new method of treatment of steroid-resistant 
asthma -- extracorporeal He-Ne-laser blood irradiation. The procedures gave good 
clinical effect and allowed reduction of steroid dose in a majority of patients. The 
monocytes were investigated by luminol-dependent chemiluminescence and the method 
of living cell microcopy. Extracorporeal He-Ne laser blood irradiation normalized both 
monocytes chemiluminescence and cell oscillation in asthmatic patients significantly 
earlier than in cases of ordinary treatment, although the mechanisms of action of He-Ne-
laser irradiation upon blood steroid-resistant asthmatics were not fully determined. 
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LBI in Respiratory Patients 
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Title:  Application of intravenous helium-neon (He-Ne) laser therapy to patients with 

respiratory insufficiency: introductory report 
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Publication Date:  03/1996 
Origin:  SPIE 
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Downloading of the abstract is permitted for personal use only. 
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Abstract 
In this paper the authors present an unconventional method of intravenous laser therapy applied to nine 
patients treated in ICU for acute respiratory insufficiency. The laser therapy treatment was applied 
twice in 24 hours by introducing a quartz light pipe into a peripheral vein of the forearm connected to 
the He-Ne laser produced by Amber, Poland. In order to irradiate the whole circulating blood the 
procedure lasted twenty minutes. The initial observation showed the improvement of the respiratory 
parameters and the decrease of leucocytosis. During the intravenous laser therapy the ARDS was not 
observed in the patients, despite the existence of risk factors. 
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• Surgery 
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Action of therapy caused by the exposure of blood with pathogens to UV light 
and then reintroducing that blood back into the body. 

1) Inactivation of virus or bacteria in the blood prompting an autoimmune 
response. 

2) Increased immune response 

1. Hemosorption and ultraviolet irradiation of the blood in the complex 
treatment of peritonitis    Vestn Khir Im I I Grek. 1989 Apr;142(4):84-7. 
 
 
Riabtsev VG, Gorbovitskiĭ EB, Myslovatyĭ BS, Masiukevich AV, Ronami VG. 

http://www.ncbi.nlm.nih.gov/pubmed/2800183?dopt=Abstract 

An experience with the treatment of 199 patients with different forms of 
peritonitis enabled the authors to recommend to include the moving-blood 
ultraviolet irradiation in the complex therapy followed by hemosorption. It 
reduced lethality two times. 

 
 
2.  The ultraviolet irradiation of autologous blood and endolymphatic 
antibiotic therapy in treating pneumonia in patients with craniocerebral 
trauma Zh Vopr Neirokhir Im N N Burdenko. 1990 May-Jun;(3):11-4.  

Kibirev AB, Kochulanov AN, Strelets BM, Grebenkina LA. 
 
On the basis of analysis of 50 cases of craniocerebral injury complicated by pneumonia, 
the authors prove the efficacy of including ultraviolet irradiation of autologous blood and 
endolymphatic antibiotic therapy in the complex of therapeutic measures. The mortality 
and the period of in-hospital treatment of this group of patients reduced. 

http://www.ncbi.nlm.nih.gov/pubmed/2168643?dopt=Abstract 
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3. Hemosorption and ultraviolet irradiation of blood in the complex 
treatment of suppurative and septic diseases in children Vestn Khir Im I I 
Grek. 1990 Jun;144(6):79-81. 
 
 
Zalesnyĭ SA, Khankoev IM, Grechishkin AI, Krasnopol'skiĭ IS, Sitnik SD. 
 
Data on the observation of 120 children aged from one to seven years with ++pyo-septic 
diseases are described. The complex of intensive therapy included methods of 
extracorporal detoxication. Positive dynamics was noted after hemosorption and UV 
irradiation of blood. Preliminary UV irradiation of blood before sorption eliminated 
metabolic disorders. Less lethality was noted. 
 
http://www.ncbi.nlm.nih.gov/pubmed/2175511?dopt=Abstract 
 
 
4. Ultraviolet irradiation of blood in surgery Khirurgiia (Mosk). 1990 
Nov;(11):100-4. 
 
 
Piksin IN, Atiasov NI, Kiseleva RE, Romanov MD, Dorofeeva LS, Krugliakov PP. 
 
The results of complex treatment of 81 patients with pyoinflammatory diseases with the 
use of blood ultraviolet irradiation are discussed. A marked clinical effect was noted, the 
terms of treatment reduced by 5-10 days, the outcomes improved, and the number of 
complications decreased. Irradiation of autologous blood by ultraviolet rays led to 
modulation of the indices of antimicrobial protection, increase of the intensity of the 
histochemical reaction to peroxidase up to 40-50%, and diminution of pH in the 
neutrophil phagosomes to 5.0. The ultrastructure and ability of thrombocytes to store 
serotonin were restored, and intensity of their metabolic processes increased, the 
membrane phospholipid composition changed, and juvenile platelet forms appeared.  
 
http://www.ncbi.nlm.nih.gov/pubmed/2292828?dopt=Abstract  
 
 
5. Ultraviolet irradiation of the blood in the treatment of pyo-
inflammatory complications in patients with terminal renal failure  Vestn 
Akad Med Nauk SSSR. 1991;(3):15-20. 
 
Paleev NR, Cherniakov VL, Vetchinnikova ON. 
 
The authors describe a technique of extracorporeal UV radiation of blood (EUVRB) in 
flow closed circulation. Its efficacy was assessed in combined treatment of pyo-
inflammatory complications of terminal renal failure. Therapeutic effects of EUVRB are 
due to reduced endogenic intoxication, correction of leukopoiesis and stimulation of 
immunity. The changes in laboratory findings correlated with clinical pattern of the 
inflammation. EUVRB produced a favorable response and improved therapeutic results 
of pyo-inflammation treatment in patients with terminal renal failure. 
 
http://www.ncbi.nlm.nih.gov/pubmed/1882534?dopt=Abstract 
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6. Autotransfusion of ultraviolet-irradiated blood in destructive  
  pneumonia of young children  Khirurgiia (Mosk). 1991 Aug;(8):14-20. 
 
Kalinkin VN, Mezentsev GD, Kashuba EA, Konovalova LA, Shatilovich LN. 
 
Analysis of the results of clinic immunological study of the use of autotransfusion of 
blood treated by ultraviolet irradiation (ABUVI) in infants with acute purulent destructive 
pneumonia (APDP) revealed that imbalance of cellular and humoral immunity factors 
was the main factor determining the severity of the disease. ABUVI is an effective 
measure for correcting the immune response of the child's organism to the bacterial 
aggression through adequate production of monocytic phagocytes and plasma cells of the 
blood. It also influences the completeness of humoral immunity and reduction of T-
lymphocyte deficiency in the acute phase of the disease. ABUVI raises the efficacy of 
complex treatment of toxicoseptic forms of APDR, reduces 1.7-fold the terms of 
treatment, and reduces considerably the mortality rate of this disease in young children. 
 
http://www.ncbi.nlm.nih.gov/pubmed/1942861?dopt=Abstract 
 
Erysipelas is a skin infection typically caused by group A beta-hemolytic streptococci, 
although other streptococcal groups are occasionally causative agents. Infection involves 
the dermis and lymphatics and is a more superficial subcutaneous infection of the skin 
than cellulitis. Erysipelas is characterized by intense erythema, induration, and a sharply 
demarcated border, which differentiates it from other skin infections.1 

 

7. The efficacy of the ultraviolet irradiation of the blood in the combined 
treatment of erysipelatous inflammation   Vestn Khir Im I I Grek. 1992 Jul-
Aug;149(7-8):84-8. 
 
 
Potashov LV, Reshetov AV, Tone RV, Vismont VG. 
 
An experience with treatment of 1527 patients with different forms of erysipelas is 
analyzed. Under study were clinical data, nonspecific resistance parameters, peripheral 
and central hemodynamics and viscosity of blood. Ultraviolet irradiation of blood is an 
effective method of pathogenetical treatment of erysipelas which results in rapid arrest of 
local and general symptoms of the disease. The number of complications and recurrences 
was reduced. 
 
 
8. Effectiveness of chemotherapy in combination with electrophoresis and 
ultraviolet irradiation of blood in newly diagnosed patients with 
destructive pulmonary tuberculosis  Probl Tuberk. 1995;(3):20-2. 
 
Zhadnov VZ, Mishanov RF, Kuznetsov AA, Shprykov AS, Ryzhakova TM. 
 
Efficacy of inpatient treatment was compared for 222 new-onset cases of destructive 
tuberculosis of the lungs. 86 patients received chemotherapy plus electrophoresis and UV 
blood irradiation (group 1), 136 patients received chemotherapy alone (group 2). Group 1 
patients benefited more; bacterial discharge ceased in 100%, destruction in 89% of 
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patients within 3 months against 59% and 38%, respectively, in controls. Combined 
therapy prevents toxic allergic reactions and shortens hospital stay by 48 days. 
 
http://www.ncbi.nlm.nih.gov/pubmed/7617626?dopt=Abstract 
 
 

Klin Khir. 2002 Jul;(7):19-20. 

9. [Extracorporeal ultraviolet irradiation of blood in 
combined treatment of patients with peritonitis] 

[Article in Russian] 

Kravets VP, Kravets AV. 

Experience of application of extracorporeal ultraviolet irradiation of the blood (EUIB) in 
60 patients with diffuse peritonitis of different etiology was presented. EUIB was 
conducted in 16-24 hours after performance of operation using apparatus MD--73 M 
"Izolda". The leukocytic index of intoxication after performance of the EUIB third 
procedure had reduced by 28.5%. Leukocytic index of shift had reduced after the first 
procedure performance--by 23.1%, after the third--by more than 50%. T-lymphocytes 
quantity in 22-24 hours after conduction of the first EUIB procedure had increased by 
23.8% and after the third--by 63%. General postoperative mortality after complex 
treatment conduction using EUIB had constituted 3.3% and without EUIB--6.5%. 
Duration of treatment of the patients, in whom EUIB was applied, had shortened by 2.6 
days. 

Vestn Oftalmol. 1990 Jul-Aug;106(4):56-9. 

http://www.ncbi.nlm.nih.gov/pubmed/12378906?itool=EntrezSystem2.PEntrez.Pubmed.
Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=5 
 

 

10. Determination of the medium molecular level in the 
evaluation of the effectiveness of quantum hemotherapy in 
uveitis 

[Article in Russian] 

Zhivotovskiĭ LD, Nikolaev AA, Plotnikov AI. 

Estimation of blood serum medium-molecular level is recommended for assessment of 
the therapy efficacy in uveitis patients. Therapy of these patients by UV irradiation of the 
blood with Soviet Izolda MD-73M apparatus is described, that proved highly effective: 
93 percent of patients were cured and only 5 percent developed recurrences. Clinical 
status of the patients correlated with the blood serum medium-molecular level. 
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PMID: 2238329 [PubMed - indexed for MEDLINE] 

http://www.ncbi.nlm.nih.gov/pubmed/2238329 
 
 

Vestn Oftalmol. 2002 Jul-Aug;118(4):34-6. 

11. [Study of the effectiveness of ultraviolet irradiation of 
blood in the treatment of traumatic uveitis] 

[Article in Russian] 

Aznabaev MT, Karabanova IV, Babushkin AE. 

Sixty-five patients (65 eyes) with traumatic uveitis were treated. Ultraviolet irradiation of 
autoblood was included in therapeutic complexes of 28 patients. 37 patients received 
traditional therapy (corticosteroids, nonsteroid inflammatory agents, etc.). Addition of 
UV exposure of autoblood to combined therapy for traumatic uveitis more effectively 
(92.9 vs. 75.7%) and sooner liquidated posttraumatic inflammatory reaction (8.10 +/- 1.5 
vs. 12.7 +/- 1.7 days), decreased the hospital stay (11.0 +/- 2.0 vs. 15.8 +/- 1.3 days), and 
eventually more often improved the visual acuity (in 42.9 vs. 24.3% patients). Hence, UV 
exposure of autoblood is an effective, safe, and virtually atraumatic method of treatment. 

PMID: 12371321 [PubMed - indexed for MEDLINE] 

http://www.ncbi.nlm.nih.gov/pubmed/12371321?ordinalpos=1&itool=EntrezSystem2.PE
ntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_SingleItemSupl.Pubmed_Discovery_RA&
linkpos=3&log$=relatedarticles&logdbfrom=pubmed 
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Chronic hepatitis C patients  
 
Ultraviolet blood irradiation (UBI) for the treatment of 
chronic hepatitis C patients: preclinical studies.  
Ehud Ben-Hur1 and Thomas Petrie1,*. 1Energex Systems, Inc., Emerson, 
NJ, USA. 
 
Ultraviolet blood irradiation (UBI) has been used during 
the 1930’s and 1940’s to treat a variety of infectious diseases 
with the Knott machine. UBI went out of favor as antibiotics 
became available. The emergence of viral diseases with no 
effective treatment and drug resistant bacteria has rekindled 
the interest in UBI. Energex System, Inc. has constructed a 
new UBI device, the Hemo-Modulator. It mimics the Knott 
machine with respect to UV light dose and spectral output, 
is safer to operate and is more user friendly. The procedure 
consists of 5 extracorporeal treatments of the patient’s blood 
over 3 weeks (about 250 ml of blood per treatment). The 
device underwent a number of safety studies in animals with 
no adverse effects. The ability of the treatment to inactivate 
RNA viruses was evaluated using bovine corona virus and 
bovine diarrhea virus (BDV). The latter is considered to be 
a model for hepatitis C virus (HCV). About 90-95% of both 
viruses were inactivated during blood treatment. Human 
lymphocytes from treated blood retained their viability up to 
24 hour after treatment using twice the standard UV dose. 
Energex Systems is about to initiate a clinical study of the 
Hemo-Modulator in chronic HCV- 
 
http://www.kumc.edu/POL/ASP_Home/32nd-asp-meeting.pdf 
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Ultraviolet blood irradiation therapy: Further studies in acute 
infections  
 

George Miley M.D.1, a and Jens A. Christensen M.D.1, a 

aPhiladelphia, Pennsylvania, USA 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VHS-4C06K48-65&_user=10&_origUdi=B6VHS-4C41S8P-
2C&_fmt=high&_coverDate=04%2F30%2F1947&_rdoc=1&_orig=article&_acct=C000050221&_version=1&_urlVersion=0&_useri
d=10&md5=99ee67c0489392fefe85c26228d75aec 
 
Available online 21 March 2004.  
 

Abstract 

1. 1. The study of the clinical effects of ultraviolet blood irradiation in 445 consecutive 
and unselected cases of acute pyogenic infections has been made. Confirmation of our 
original preliminary findings was observed. These findings showed that ultraviolet blood 
irradiation therapy was a rapid, efficient and non-specific control of all types of acute 
pyogenic infections (except bacterial endocarditis), the use of which was characterized by 
a quick subsidence of toxic symptoms, a disappearance of bacterial proliferation and 
invasion and an uneventful convalescence. 

2. 2. In seventy-four consecutive and unselected cases of virus or virus-like infections we 
have observed results comparable to the favorable effects observed in its use in acute 
pyogenic infections. 

3. 3. It was found that sulfa sensitive infections are easily and favorably influenced by 
ultraviolet blood irradiation therapy and that a large variety of infections not controlled 
by sulfa drugs can be rapidly and efficiently controlled by ultraviolet blood irradiation 
therapy. 

4. 4. Many penicillin-resistant infections respond favorably to ultraviolet blood 
irradiation therapy, both the acute pyogenic types and the virus or virus-like infections. 

5. 5. We were able to confirm the preoperative protective effect of ultraviolet blood 
irradiation therapy described by Rebbeck and fittingly called the Rebbeck Effect. 

6. 6. There is no contraindication to the joint use of penicillin and ultraviolet blood 
irradiation therapy, but sulfa drugs cannot be safely used in the first four or five days 
following ultraviolet blood irradiation therapy. 
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