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Abstract

Phototherapy has shown its effect on cell stimulation and inhibition based on Arndt-Schulz model. Even though this therapeutic method has
apparent effect, but it has limitations for epithelial application due to limitations on light penetration. Hence, with the ideology of fully overcom-
ing this limitation, phosphorescent powder (strontium aluminate) is proposed as the potential light source that emitting photon from inside the
body for phototherapy purposes. The strontium aluminate powder used in the experiment has the highest peak absorption at wavelength around
650 nm and lowest at around 350 nm. According to FESEM images, the powder has the particle size varies from 10 to 50 pm at cubic phase. The
assessment is done by studying the effect on erythrocyte after blood plasma is irradiated by strontium aluminate powder’s photon. The powder
luminesces with a maximum at 491.5 nm when pumped with 473 nm laser at 100 mW in fixed amount of 0.005+0.001 g. Later, it is mixed with
centrifuged blood plasma for a predetermined time period (5, 10, 15, and 20 minutes). From this study, it shows that 5 minutes irradiation is the op-
timum period for erythrocyte in term of morphology enhancement and increase of UV-visible absorption spectrum with at least 21% in comparing
with control blood. While the significant increment located at wavelengths 340 nm and 414 nm with both increased by 54% and 41%, respectively.
However, for 10 minutes and beyond, the irradiation leads to morphology deterioration while the UV-visible spectrum decrement starts at 15
minutes and beyond. In conjunction, a comparison between blood plasma that either interacted with powder emitting photon or powder with no
emission shows that photon emission plays a role in the phototherapy effect.
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OLIEHKA AJTOMMNHATA CTPOHUMUA

KAK MOTEHUUAJIBHOTO MCTOYHMKA CBETA

nng ®OTOTEPANUU NO EFTO POCPOPECLUEHTHOMY
AENCTBUIO HA KPOBb

Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed
Hayunbii yHnsepcuter Manansmu, Manaisus

Pesiome

HecmoTpA Ha fokasaHHy 3$pdeKTUBHOCTL GpoTOTEPANUY, Y STOFO METOAA €CTb OrPaHUYEHUA ANA SNUTENNaNbHOTO NMPUMEHEHNA 13-3a He-
3HaYMTENbHOrO NPOHMKHOBEHUA CBeTa. ABTOpaMu NpeanoxeH ¢pochopecumpyoLmin MOPOLLOK (antoMUHAT CTPOHLMA) B KayecTBe NOTEeHL-
albHOro NCTOYHMKa CBeTa, N3JlyyatoLlero GoTOHbI M3HY TPV Tena Ana Lenen pototepanuu. [opoLlok antoMmHaTa CTPOHLA, MCNOMb30BaHHbI
B 3KCMEPUMEHTE, MMeeT CaMoe BbICOKOE MUKOBOE MOTJIOLeHE NPY ASIVHE BOJIHbI OKO0 650 HM 1 camoe HU3KOe Npu AJIVHE BOJSTHbI OKOO
350 HM. CornacHo 1306paXeHNsIM aBTO3NTEKTPOHHOW CKaHMPYIOLLEe MUKPOCKONUY, MOPOLLOK MMeeT pa3mep Yactul ot 10 1o 50 MKM B Ky6u-
yeckon dase. OueHka 3GpPeKTNBHOCTY GOTOTEPaNMM C NPEANOXKEHHBIM COeIMHEHVEM MPOBEAeHa NyTeM 13y4YeHNA BO3AENCTBIA Ha SpUTPO-
LTl 06/1yYEHHO NOPOLUKOM Mnia3mbl Kposu. DocdopecrieHLmsA NopoLLKa ¢ prKcmpoBaHHbI Maccor 0,005 + 0,001 r UMeeT MakcUMyM Ha
LnviHe BOMHbI 491,5 HM Npy HaKauKe f1a3epoMm C JJIHOW BOJHbI 473 HM C MOLLHOCTbIO 100 MBT. 3aTem ero cmeLmBalioT ¢ LeHTpUdyrnpoBaHHO
nnasmoii KpoBM B TeYeHWe onpeaeneHHoro nepuoga spemenu (5, 10, 15 1 20 muH). MonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT, YTO 5-MUHYT-
Hoe 06nyyeHvie ABNAETCA ONTUMAJIbHBIM MEPUOAOM AN SPUTPOLIMTOB C TOUKU 3PEHMA YyULIEHVA MOPGOSIOrMI 1 YBENMYEHWA CNIEKTPa MNo-
rnoweHna YO-BraMmoin o6nactu no KpanHen mepe Ha 21% no cpaBHEHMIO C KOHTPOJIbHOW KPOBbHo. [py 3TOM 3HaUUTENbHbIV MPYUPOCT NpU-
XOLMTCA Ha ANUHbBI BOSIH 340 HM 11 414 HM, KOTOpble YBEeNMUMBaloTCA Ha 54% 1 41% cootBeTcTBEHHO. OfHaKo, AnA 10 MvH 1 6onee obnyyeHne
BbI3bIBaET yXyALIEHVIE MOPdONOTNY, B TO BPeMsA Kak YD-BUANMDI CMEKTP YMEHbLIAETCA HaumHas ¢ 15 MUH 1 no3xe. B cBA3U ¢ 3Tum nsyvaeTca
CpaBHeHVe Ma3mbl KpOBM, KOTOpas B3avMOAeNncTBoBana ¢ dochopecumpyowim NOPOLLKOM, € HedpochopecLmpyoLmM NOPOLIKOM, YTOObI
nokasaTb, YTO 131yYeHNe nrpaeT posb B co3AaHUM dppeKTa poToTepanmu.
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Introduction

Phototherapy utilized light to conduct treatment
with different light source and variation of parameters
such as wavelength, irradiance, pulse structure, coher-
ence, and polarization [1-3]. Initially, laser is widely used
as it is thought that the monochromatic and coherence
of laser would give extra benefit for treatment. This
thought was no longer hold as similar effect is observed
by using monochromatic light source like Light Emitting
Diodes (LEDs) [4]. The respond of cells, either stimulation
or inhibition, is depended on the output power of light
which can be described through Arndt-Schulz curve and
Arndt-Schulz model. The cells would be stimulated at
certain threshold and inhibition is promoted beyond the
threshold. From Arndt-Schulz model the parameters for
the threshold are wavelength of light, irradiance of light,
and the period of irradiation. The absolute Arndt-Schulz
model is associated with parameters like wavelengths,
tissue types, redox states, and different pulse parameters
[3,5-71.

Several experiments were conducted to observe
the phototherapy effect by using different light sources
while wavelength of light, irradiance, and exposure time
remains the same. The results showed that similar effects
can be observed even though different light sources
were used [1, 2, 8]. Among the phototherapy treatment,
phototherapy towards blood able to show significant ef-
fect. A study conducted by Siti Sakinah Mohd Fuad et al.
showed that the RBCs of human blood would denature
and forming echinocytes after irradiated by 589 nm yel-
low laser. The formation of echinocytes was caused by
the loss of water and potassium, which decreases the
generation of Adenosine Triphosphate (ATP). Concur-
rently, the RBCs' light absorption showed increment after
irradiation for 10 minutes till 40 minutes. The decrement
of absorbance was observed after the irradiation extend-
ed to 50 minutes and beyond. This corresponds to bipha-
sic response of having two, either good or bad, reaction
oxygen species (ROS). Mitochondrial would be stimulat-
ed on electron transport, which increases ATP produc-
tion for good ROS. At the same time, the cell would signal
and activate redox-sensitive transcription factors. On the
contrary, bad ROS occur as the dose increases and lead
to the damaging of mitochondria and apoptosis [9]. An-
other study conducted by Kujawa et al. demonstrated a

visible effect on RBCs’ ATPase activities and membrane
structure after irradiated with near infrared (810 nm) la-
ser. The irradiation-induced modulation of RBCs mem-
brane which could change the activity of membrane ion
pumps and ion flows [10]. The effect towards RBCs can
be induced through blood plasma. Mustafa et al. con-
ducted a study on erythrocyte sedimentation rate (EST)
after irradiated with low-level laser. The study showed
that effective reduction of ESR appeared after the irra-
diation of laser with a dose of 72 J/cm? at wavelength of
405 nm. Besides, their study showed that whole blood
ESR reduction is greatly reduced to less than 51% (from
15£3.7 mm/h to 7.6+2.3 mm/h) in comparison between
separated RBCs resuspended in irradiated plasma and
separated RBCs resuspended in non-irradiated plasma.
Hence, this study suggested that the whole blood ESR
effect is mainly induced by the plasma composition [11].

Due to the limitation of light penetration towards the
region of interest within the body, phototherapy has been
limited for epithelial application. Attempts have been
taken by introducing penetrating light in the red or near
infrared range, for brain photobiomodulation to relieve
brain disorders [12-16]. However, the penetration is still
limited to a certain depth depending on the anatomical
region. For instance, 808 nm light source has penetration
to depth about 40 mm to 50 mm [14, 17, 18]. Alternatively,
intracranial method is an approach to overcome the limi-
tation by directly deliver light to the brain with light-opti-
cal fiber device. However, this method is associated with
risk as minimal surgical stereotactic procedure is needed
to insert light-optical device within the brain [12].

Hence, in conjunction to overcome the limitation,
it is proposed to use light source, like phosphorescent
powder, that could emit light after traveling to the re-
gion of interest within the body itself. This paper is as-
sessing phosphorescent powder (strontium aluminate)
as the potential light source for phototherapy through
in vitro blood phototherapy by irradiating blood plasma
with RBCs morphology and absorbance spectrum being
studied.

Materials and Methods

Characterization of strontium aluminate powder

The absorption of strontium aluminate was eval-
uated using UV-Visible spectrophotometer at the
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range of 200 nm to 800 nm. Emission spectroscopy
was used to evaluate the emission of strontium alu-
minate at the range of 380 nm to 780 nm. XRD was
performed in comparison with database compounds.
Particle size and crystal structure was observed via
FESEM images at 500, 5000, and 10,000 times of mag-
nification.

Preparation of strontium aluminate powder

Strontium aluminate powder used for this study
emitted greenish-blue light at the dominant wave-
length of 491.5 nm. The powder was transferred to two
plain test tubes with each at the weight of 0.005+0.001
g. One of the tubes placed in a dark room to ensure no/
minimum exposure of light to prevent charging pow-
der. The second tube was irradiated with 473 nm single
longitudinal mode beam blue laser at a constant out-
put of 100 mW for ~15 minutes. Laser was placed at fo-
cus distance (~16 cm) when irradiating the powder. The
irradiation was done with laser to ensure the powder
charged at known constant power, light energy, and
period of charging.

Preparation of blood samples

Blood samples of 3 ml were collected randomly from
a wide range of patients with unknown information on
blood counts and patients’ gender. The patients were
generally declared fit outpatients at the age group of 20
years old to 70 years old. The EDTA blood sample was
partitioned to three aliquots with 1 ml on each tube. One
of the aliquots served as control (untreated). The other
two were centrifuged to separate blood plasma and
RBCs which the plasma later mixed with strontium alu-
minate powder for interaction.

Irradiation to blood plasma

The centrifuged blood plasmas were mixed with two
tubed strontium aluminate powders, respectively. One
of the tubed powders emitted photons when interacting
with blood plasma. At the same time, the second pow-
ders emitted no/minimum light when interacting with
blood plasma. Both blood plasmas with powder content
interacted for 5, 10, 15, and 20 minutes. Later, the plas-
mas were mixed back to their respective RBCs for inter-
action at ~22 minutes.

Observation of RBCs morphology and absorbance spec-
trum

The morphology of RBCs was observed via an optical
microscope at 40 times magnification after blood smear-
ing with a thin film of streaked blood. Blood smearing
was done by having a portion of blood dropped near the
frosted end of a clean glass slide and second glass slide
as a spreader. The absorbance of washed RBCs was mea-
sured using a UV-Visible spectrophotometer at the range
of 300 nm to 800 nm.

Ethical consideration

This study is ethically approved by Universiti Sains
Malaysia Research Ethics Committee under the study
code of USM/JEPeM/16060208.

Results and discussion

Optical and structural properties of strontium alumi-
nate powder

The absorbance spectrum for strontium aluminate
powder in Fig. 1 shows that it is able to absorb a wide
range of spectrum from 200 nm to 800 nm. The absorp-
tion appears to be highest at the peak at around 650 nm.
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Fig. 1. Absorbance spectrum of strontium aluminate at wave-
length of 200 nm to 800 nm. The highest absorption located at
around 650 nm and lowest at around 350 nm

Puc. 1. CneKTp NornoweHns antoMmMHaTa CTPOHLMSA B UHTepBane
ANYH BosiH oT 200 HM a0 800 HM

Fig. 2. Emission spectrum of strontium aluminate at wavelength
of 380 nm to 780 nm after being irradiated with 473 nm laser. The
dominant peak located at 491.5 nm

Puc. 2. CneKTp U3ny4eHus aJtoMMHaTa CTPOHLUSA B UHTEPBAJe AJIMH
BOJIH oT 380 HM go 780 HM nocne 06y4eHUst 1a3epom Npu anauHe
BOJIHbI 473 HM
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Fig. 3. XRD of strontium aluminate powder
Puc. 3. PeHTreHOCTPYKTYpHbIA aHanu3 MopollKa anoMuUHaTa
CTpoHUMSA

At the same time, the minimum absorption appears at
wavelength around 350 nm, which is represented with
a trough. With the presence of the trough, it caused an-
other appearance of a peak at a wavelength of around
250 nm. Notice that the 250 nm peak’s absorption is still
not as high as other wavelengths ranging from 400 nm
to 800 nm.

Simultaneously, the emission spectrum of strontium
aluminate powder has a dominant peak at 491.5 nm, as
shown in Fig. 2. Hence, with this known information,
473 nm laser was selected as the light source to charge
strontium aluminate. This is due to higher light energy is
required to allow strontium aluminate powder emitting
491.5 nm cyan (greenish-blue) light [19].

The XRD pattern of the powder is shown in Fig. 3. After
comparing with database’s (reference code: 00-052-1876)
intensity peaks, it shows that the powder is potentially
containing strontium, aluminum, and oxygen. In this pat-
tern, the peaks can be indexed based on space group of
PMMA with the number of 51 and orthorhombic crystal
system. The orthorhombic system can be viewed at the
FESEM images shown in Fig. 4a with 10,000 times of mag-
nification. The crystal appears in pack with the size of ap-
proximately 4 um. Fig. 4b and 4c suggested that the par-
ticle size varies from 10 um to 50 um at cubic phase.

Reaction of blood towards strontium aluminate

Within the absorbance spectrum of RBCs, there are
four obvious peaks along the spectrum at wavelength
ranging from 300 nm to 800 nm as shown in Fig. 5. The
first peak appears at 340 nm, which indicates the maxi-
mum carbohydrate metabolism of blood caused by the
structural changes of Nicotinamide Adenine Dinucleo-
tide (NAD) into NADH and Nicotinamide Adenine Dinu-
cleotide Phosphate (NADP) into NADPH through the re-
duction process. The other three peaks are visible at 414,
542, and 576 nm due to d-f transition of CO-oxyhemo-
globin. Theintensity of absorbance is linearly dependent
by the concentration of solutes within blood samples af-
ter irradiation [9, 20, 21].

As shown in Fig. 5, after the blood plasma interacted
with the strontium aluminate powder, there is an obvi-
ous increment of absorbance intensity with respect to
control blood, especially at 340 nm. However, the inten-
sity decrements when photons are emitted from powder,
which acts as a light source. This has depicted a biphasic
response (hormesis) given off by RBCs as the solely addi-

Fig. 4. FESEM images of strontium aluminate with difference magnification:

a - 10,000 times magnification;
b - 5,000 times maghnification;
¢ — 500 times magnification

Puc. 4. CHUMKHM afiloMUHaTa CTPOHLMSA, NOJIyYEHHbIE Ha CKaHUPYIOLWEM 3/IEKTPOHHOM MUKPOCKONE MPU Pa3/IM4HOM YBESIMYEHUN:

a - 10,000-kpaTHOE yBEeNM4YEeHUe;
b - 5,000-kpaTHOE yBENUYEHUE;
¢ — 500-KpaTHOe yBennyeHme
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Fig. 5. Absorbance spectrum of RBCs at three conditions (con-
trol blood sample, blood sample with plasma interacted with no
emission from strontium aluminate powder, and blood sample
with plasma interacted with photon emission from powder) at the
range of 300 to 800 nm

Puc. 5. CnekTp nornoweH1s 3puTpoLUTOB B TpPex YCNOBUAX
(KOHTpoNibHass npo6a KpoBM, Npo6a KpPOBU C MJIa3MOMH,
B3aMMOAENCTBYIOLWEN C HEU3NyYaloLWMM MOPOLLKOM anioMUHaTa
CTPOHUMSA, U Npob6a KpPOBM C Nia3moi, B3aMMOAENCTBYIOLWEN C
docdopecumpyowmnm nopoLukom) B guanasoHe ot 300 go 800 UM

tion of powder, either photon emitting or not, changes
the environment factor of blood [5-7]. The changes in in-
tensity are associated with the variability of coenzyme in
conjunction with echinocytes [22].

Shown in Fig. 6 is the morphology of RBCs with the
presence of echinocytes labeled. The number of echi-
nocytes increases along with the present powder and
further increased as powder emitting photon. This sug-
gested that the increment at 340 nm is due to the pro-
duction of NADPH in preventing globin from denaturing
[22]. Concurrently, a further increase of echinocytes de-

absorbance

wavelength, nm

-0.4 4

Fig. 7. Absorbance spectrum of RBCs after interacted with pho-
ton emitting strontium aluminate powder for 5, 10, 15, and 20
minutes

Puc. 7. CneKTp NornoweHu1s apuTpoLUnTOB Nocsie B3aMMoaencTBuUs
¢ dochopecumpyolwMMM MOPOLIKOM antoMUHaTa CTPOHUUS B
TeyeHue 5,10, 15 u 20 muH

Fig. 6. RBCs morphology for control blood samples and blood
samples that the blood plasma interacted with strontium
aluminate powder (photon emitting and no photon emitting) for
5 minutes. Some presence of echinocytes are indicated with
circles:

a — control blood samples;

b - blood plasma interacted with photon emitting

strontium aluminate powder;

¢ — blood plasma interacted with no photon emitting

strontium aluminate powder
Puc. 6. Mopdonorus aputpoLUToB AN KOHTPObHbIX 06pa3LoB
KPOBU U 06Gpa3LOB KPOBM MNocsie B3auMOAEeNCTBUSA Nia3mbl C
MOPOLLKOM aJiloMUHaTa CTPOHLUSA:

a — KOHTPO/bHble 0Gpa3Lbl KPOBH;

b — nocne B3aumogencTeus niasmbl KpoBu ¢ pocdopec-

LMPYIOLUM NOPOLIKOM aJiloMUHATa CTPOHLMUS;

C — nocne B3auMOAENCTBUS NAa3Mbl KPOBU C HEU3nyva-

IO MM NOPOLLKOM ajloMUHaTa CTPOHLMUSA
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Period, Control Blood Irradiated Blood
minutes KoHTposnbHbie 06pasLbl KpoBU 0O6ny4eHHas KpoBb
5
a(i): Before irradiation some echinocytes are presented. a(ii): After irradiation no echinocyte is observed.
a(i): Jo obnyyeHna o6HapyKMBaOTCA SXUHOLUTDI a(ii): Mocne obnyyeHVA SXMHOLUNTbI OTCYTCTBYIOT
10
b(i): Before irradiation no echinocyte is observed. b(ii): After irradiation echinocytes are observed.
b(i): lo 06nyyeHns 3XMHOLUTbI OTCYTCTBYIOT b(ii): Mocne 06nyyeHnsa 06HaPYKMBaOTCA SXUHOLUTDI
15
c(i): Before irradiation small number of echinocytes are | c(ii): After irradiation increase number of echinocytes
observed. are observed.
c(i): o obnyueHna o6Hapy}MBaeTCA He3HaUUTeNIbHOE c(ii): Mocne 06nyyeHnA KONMYECTBO IXNHOLIMTOB yBe-
KOJMMYECTBO IXUHOLNTOB NNYeHo
20

d(i): Before irradiation small number of echinocytes are
observed.

d(i): Jo obnyyeHna obHapyKmnBaeTcA He3HaunTelbHoe
KOIMYEeCTBO SXVMHOLMTOB

d(ii): After irradiation increase number of echinocytes
are observed.

d(ii): Mocne obnyyeHnA KONMYECTBO SXNHOLUTOB yBe-
NinYeHo

Fig. 8. RBCs morphology for control blood and blood, which has its plasma interact with photon emitting strontium aluminate. The
interaction (irradiation) period is shown in the “Period” column with values of 5, 10, 15, and 20 minutes. Some echinocytes are
indicated with circles
Puc. 8. Mopdonorusa aputpoLUTOB AN KOHTPOJIA KDOBU U KPOBM, B N1a3Me KOTOPOI NPOMCXOAUT B3aUMOeCTBUE C UCTTYLLEHHbIMU
anloMUHaATOM CTPOoHUMS doToHamu. NMepuoa B3anmoaencTBus (061y4eHnst) noKasaH B cTon6ue “nepmoa”, KOTOpbI BKAOYaeT B ce6s

5,10, 15 1 20 MUHYT. HEKOTOpbie 3XUHOLUTbI 0603HA4Y€HbI KPYXK04YKamu
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® control
A strontium aluminate with emission

absorbance

300 4(')0 5&0 660 760 800
wavelength, nm

(a): Blood plasma irradiated for 5 minutes. Absorbance for
irradiated blood has increased compare to the control blood.
(a): Mna3my KpoBU 06nyyanu B TeueHne 5 mumH. Mornouye-
Hue 061yYeHHOI KPOBM YBEIMYMIIOCh MO CPABHEHWIO C KOH-
TPONbHOW KPOBbIO

@ control
24 A strontium aluminate with emission

absorbance

300 4(‘)0 560 60'0 760 800
wavelength, nm

(c): Blood plasma irradiated for 15 minutes. Absorbance

for irradiated blood has decreased compare to the control
blood.

(c): Mna3my Kposw 06nyyanu B TeyeHme 15 muH. Mornoule-
HYie ANA 061yYeHHOW KPOBU YMEHbBLUMIIOCH MO CPAaBHEHNIO C
KOHTPOJIbHOW KPOBbIO.

2.4 ® control
A strontium aluminate with emission

absorbance

300 44‘)0 5(;0 660 70'0 960
wavelength, nm

(b): Blood plasma irradiated for 10 minutes. Absorbance
for irradiated blood has slightly increased compare to the
control blood.

(b): Mna3my kposu obnyyanu B TeueHne 10 muH. Mornouye-
Hue AnA 06NyYeHHON KPOBW HECKOMbKO YBEMUYMIOCH MO
CPaBHEHUIO C KOHTPOJIbHOW KPOBbIO.

® control
2.2 A strontium aluminate with emission

absorbance
(=) P
o L

I
S

124

10

08 . .
300 400 500 600 700 800
wavelength, nm

(d): Blood plasma irradiated for 20 minutes. Absorbance

for irradiated blood has decreased compare to the control
blood.

(d): Mna3my Kposu obnyyanu B TeyeHne 20 muH. Mornolye-
HVie ANnA 061yYeHHOW KPOBU YMEHbBLUMIOCH MO CPABHEHUIO C
KOHTPOJIbHOW KPOBbIO.

Fig. 9. Absorbance spectrum of RBCs for irradiated blood samples and control blood samples. The period of irradiation is stated

at each Fig.

Puc. 9. CneKTp nornoweHns aputTpoLmUToB Ana 061y4eHHbIX 06pa3L0B KPOBM U KOHTPOJIbHbIX 06pa3uoB KpoBu. Mepuoa o6nyye-

HUS YKa3aH Ha Kaxaom rpaduke

creases the production of ATP [23]. Notice that the effect
is observable even though only blood plasma is irradi-
ated. This phenomenon is known as the bystander ef-
fect, in which the effect towards RBCs is induced by the
changes of blood plasma (medium) after interaction with
the powder [24].

Analyzation of absorbance and morphology of RBCs
Shown in Fig. 7 is the absorbance after the blood
plasma has been irradiated by photon emitted from

strontium aluminate powder for 5, 10, 15, and 20 minutes.
The irradiance of powder is kept at constant by having
a constant amount in terms of weight and laser power
when irradiated. The absorbance appears to be highest
after 5 minutes of irradiation and starts to decrease be-
yond that. This relationship coincides with Arndt-Schulz
model, which suggests 5 minutes irradiation is the opti-
mum for stimulation, with the inhibition after 5 minutes.

Based on the RBCs morphology between control
blood and irradiated blood, the chemical changes can

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.9, N23/2020

27



V9]
-
O
}_
(2’4
<
<
Z4
O,
&
O

Heng Jie Choong, Nursakinah Suardi, Naser M. Ahmed

Evaluation of strontium aluminate phosphorescent effect on blood as potential light source for phototherapy

be studied. From the morphologies shown in Fig. 8, the
morphology has enhanced with the restoration of disco-
cyte state from echinocyte. This restoration can normally
be done by in vitro suspending normal plasma, albumin,
glucose, gelatin, polyvinyl-pyrrolidine and fixatives such
as glutaraldehyde, osmic acid, etc. [25]. This enhance-
ment is observed after 5 minutes of irradiation. However,
denaturing occurs after 10 minutes irradiation and be-
yond.

The presence of echinocytes suggested the decrease
of ATP caused by loss of water and potassium in RBCs.
Hence, with the improvement of morphology (decrease
number of echinocytes) the ATP would be increased [22,
23]. However, at 10 minutes irradiation the denaturing
may have underwent the production of NADPH to re-
duce oxidized glutathione into glutathione with the aim
of preventing the denaturing of globin within RBCs [22].
The variation of solutes is shown in conjunction with the
absorbance spectrum, as displayed in Fig. 7 [21-23]. The
absorbance spectrum in Fig. 7 is obtained by having the
subtraction between the irradiated blood’s absorbance
spectrum (abs,) with control blood’s absorbance spec-
trum (absmml). This is done to examine the sole effect of
photon towards blood by eliminating the possible inher-
entillness from the patients [26]. The equation representa-
tion is as followed: abs, - abs_ . Individual absorbance
spectrums are shown in Fig. 9 for further reference. Notice
that the decrease in abs, with abs__ as a reference that
results in a negative absorbance shown in Fig. 7.
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