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Ab stract: Changes in the mem brane bound en zyme ac tiv ity may re port about changes of pro cesses and
prop er ties re lated to the cy to plas mic mem brane of cells. Ac tiv ity of the Na

+
/K

+
-ATPase has be come

ob jec tive of our in ves ti ga tion as a tool to eval u ate changes of di a betic mem branes in com par i son to
nor mal mem branes of hu man eryth ro cytes af ter la ser ir ra di a tion with Nd:YAG la ser (532 nm) in fluence

range 9.5-63.3 J.cm
-2

. En ergies of ir ra di a tion 3-20 joules and out put power of the la ser 30 mW clas sify
this ex per i ment as low�level la ser ther apy. Biostimulation of the en zyme, its ac tiv ity as well as type-2
di a be tes caused dis or ga ni za tion and al ter ations of bi o log i cal mem brane and en zyme prop er ties are
dis cussed.

1. In tro duc tion

It has been con vinc ingly dem on strated that di a be tes mellitus (DM) causes met a bolic dis or ga -
ni za tion and al ter ations of bi o log i cal pro cesses through out the whole or gan ism [1]. Ab nor -
mal ities in func tion of re cep tors, ion trans port and ir reg u lar i ties in func tion of cel lu lar and
subcellular mem brane sys tems are im por tant fea tures of di a be tes changed en vi ron ment. In
the last de cade, low-level la ser ther apy (LLLT, 1-500 mW) has been sub ject of ex ten sive in -
ves ti ga tion and, nat u rally, pro spec tive ap pli ca tions of la ser ir ra di a tion of var i ous wave -
lengths ap peared also in di a be tes mellitus treat ment. He-Ne la ser ir ra di a tion is use fully
ap plied to heal di a betic foot ul cers [2], cu ta ne ous wounds [3, 4], di a betic macular edema [5]
etc. But the mech a nisms of di a betic cell re sponse to la ser ir ra di a tion are not clear yet.

Changes in the mem brane bound en zyme ac tiv ity may re port about the changes of pro -
cesses and prop er ties re lated to cy to plas mic mem brane of cell. In this study, ac tiv ity of
Na+/K+-ATPase has been ob jec tive of our in ves ti ga tion as a tool to eval u ate changes of di -
a betic mem branes in com par i son to nor mal mem branes of hu man eryth ro cytes. We com -
pared ac tiv i ties of the Na+/K+-ATPase af ter ir ra di a tion by green la ser of healthy do nor
sam ples with sam ples ob tained from type-2 di a be tes pa tients.

2. Ma te rials and Methods

Mem brane prep a ra tion
Fresh hu man blood was col lected un der the guide lines of the Hel sinki Dec la ra tion for

hu man re search from anon y mous adult healthy do nors. 
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Blood was col lected on ci trate, cen tri fuged/washed by ice cold PBS (10 mM phos -
phate buffer, 150 mM NaCl, pH 7.4) to sep a rate eryth ro cytes from plasma and other com -
pounds. To ob tain a sus pen sion of iso lated eryth ro cyte mem branes (ghosts; 1 mg/ml) in
5 mM Tris-EDTA-HCl (pH 7.4) buffer, eryth ro cytes were hemolysed and cen tri fuged at
19621 g at least 6 times [6].

For uni fi ca tion, pro tein con cen tra tion in ghosts was es ti mated ac cord ing to the stan -
dard method of Low ry et al. [7] us ing 3 % so dium dodecyl sul fate (SDS), and bo vine se -
rum al bu min (BSA) as a stan dard. Ghosts were di luted to pro tein con cen tra tion 1 mg/ml.

Ir ra di a tion pro ce dure
Sec ond Har monic Gen er a tion of Nd : YAG la ser (Raise Elec tron ics, Tai wan) with a

con stant light power of 30 mW was used as a source of green light (532 nm). A vol ume of
110 µl of each sam ple was ir ra di ated for 100, 200, 300, 400, 500 and 680 sec onds re spec -
tively, to get fluence (i.e. light en ergy per unit area of sam ple sur face re ceived by ir ra di -
ated sam ple) of 9.5, 19.0, 28.4, 38.0, 47.5, and 63.3 J.cm-2 cor re spond ing to en er gies of
ir ra di a tion 3, 6, 9, 12, 15 and 20 Jouls. Non-ir ra di ated sam ples were used as con trols.

ATPase ac tiv ity mea sure ments
Ac tiv ity of ATPases in eryth ro cyte mem branes was de ter mined in terms of lib er a tion

of in or ganic phos phate dur ing en zy matic ATP hy dro ly sis, and was ex pressed in nmol
phos phate per mg of pro tein re leased dur ing 30 min in cu ba tion (Pi). Cal i bra tion was based 
on KH2PO4 as a stan dard [8].

Sta tis ti cal anal y sis
The data were an a lyzed us ing sta tis ti cal soft ware StatsDirect and p val ues < 0.05 were

con sid ered to be sta tis ti cally sig nif i cant. Re sults were ex pressed as mean ± stan dard er ror
of mean (SEM) of 4-8 in de pend ent ex per i ments. Data were ex am ined for nor mal dis tri -
bu tion by the Shapiro-Wilks W test. Sta tis ti cal sig nif i cance was eval u ated by paired two
tailed t test. Lin ear re gres sion was used to prove the trend for the mea sure ments.

3. Re sults

The ef fect of la ser light (532 nm) on the ac tiv ity of the Na+/K+-ATPase in the hu man
eryth ro cyte mem branes ob tained from healthy do nors and in di vid u als di ag nosed with
type-2 di a be tes was as sessed by the quan tity of in or ganic phos phate (Pi ) re leased in pro -
cess of en zy matic hy dro ly sis of ATP. Our data (Fig. 1) showed an in crease in the con cen -
tra tion of Pi pro duced by healthy in di vid u als Na+/K+-ATPase in all ir ra di ated sam ples as
com pared to non-ir ra di ated ones. The ten dency of the in crease was proven sta tis ti cally
sig nif i cant for all ra di a tion en er gies used. The least-squares fit through the ex per i men tal
points (con cen tra tion of Pi vs ir ra di a tion en ergy, Fig. 2) showed lin ear ity (R2 = 0.96, p =
0.0001) with a slope of 2.3 within the range of fluence val ues of 9.5-63.3 J.cm-2 cor re -
spond ing to en er gies of ir ra di a tion 3-20 J. 

Na+/K+-ATPase ac tiv ity es ti mated on iso lated eryth ro cytes ob tained from in di vid u als
with di ag nosed type-2 di a be tes did not show any changes upon ir ra di a tion at all fluences
(Fig. 1). Cor re la tion co ef fi cient was not sig nif i cantly dif fer ent from zero. The value of the
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Pi lib er ated dur ing the en zy matic hy dro ly sis of the ATP was, with lit tle dif fer ences, the
same for all ir ra di ated sam ples and non-ir ra di ated con trol. Lin ear re gres sion did not show
sig nif i cant trend in di a betic sam ple.

4. Dis cus sion

In spite of suc cess ful ap pli ca tions of la ser ir ra di a tion of var i ous wave lengths on heal -
ing pro cess of ex per i men tal an i mals with in duced di a be tes and pa tients with di ag nosed di -
a be tes, re sults ob tained from ex per i ments per formed on cel lu lar level vary from pos i tive
to no or neg a tive ef fect of la ser ir ra di a tion.

In gen eral, in creased glu cose lev els re sults in de crease in the vis cos ity of blood sam -
ples, in creased hemolysis and os motic fra gil ity of eryth ro cytes [9] and higher eryth ro cyte
transmembrane po ten tial [10, 11]. High level of free glu cose in the blood also in ten si fies
the pro cess of non-en zy matic glycation - a re ac tion of re duced sug ars with the pri mary
amino groups of pro teins [12].

It has been shown in di a betic tis sues that there is a 2-fold in crease in glycation of to tal
mem brane pro teins com par ing to con trol tis sues [13].
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Fig. 1. Com par i son of ac tiv i ties of Na
+
/K

+
-ATPase of red blood cells of healthy and di a betic in di vid u als

af ter the ir ra di a tion with Nd : YAG la ser of var i ous en er gies of ir ra di a tion. Data are pre sented as means
± SEM of the con cen tra tion of in or ganic phos phate in percents com pared to non ir ra di ated con trol.
* p < 0.05 vs. con trol.

Fig. 2. Equa tion of trend line and co ef fi cient of de ter mi na tion (R
2
) for ac tiv ity of Na

+
/K

+
-ATPase of red

blood cells of healthy in di vid u als af ter la ser biostimulation. Re sults are re ported as mean ± SEM of the
con cen tra tion of in or ganic phos phate (n = 8) in percents com pared to non ir ra di ated con trol.



Some pos i tive re sults us ing green light ir ra di a tion at cel lu lar level were shown by
Vinck et al. [14], who re ported in creased pro lif er a tion of fibroblast growth un der
hyperglycemic con di tions.

In our ex per i ments, in creas ing ac tiv ity of Na+/K+-ATPase af ter ir ra di a tion in con trol
healthy do nor sam ples may be ex plained as biostimulating ef fect of green light on the en -
zyme and is lin early pro por tional to en ergy of ir ra di a tion (9.5 – 63.3 J.cm-2). Stim u la tion
reached up to 238 % com par ing to con trol (Fig. 1).

On the other hand nor stim u la tion nei ther in hi bi tion of Na+/K+-ATPase ac tiv ity has
been vis i ble af ter ir ra di a tion of di a betic sam ples. A de crease in ac tiv ity [15] and par tic u -
larly in the amount of Na+/K+-ATPase have also been ob served in the di a betic
myocardium [16]. This con ser va tion of Na+/K+-ATPase in the di a betic eryth ro cytes seems 
to be long to a broader cir cle of ad ap ta tion changes on mo lec u lar level de scribed be fore
[1]. Changes in the mem brane flu id ity and the dy nam ics of cell mem brane [17], re moval
or change in com po si tion of mem brane lipids may re sult in par tial to to tal loss of en zy -
matic ac tiv ity [18]. Thus, in flu enc ing of lipid prop er ties can af fect Na+/K+-APTase func -
tion as an en zyme strongly as so ci ated with cel lu lar mem brane. This may ad versely af fect
pro tein func tion and struc ture which most prob a bly re sults in lower re sponse to gen tle en -
ergy trans fers from la ser light ir ra di a tion.

Pos si bly lon ger or more in tense ir ra di a tion would suc ceed in stim u la tion of the
Na+/K+-ATPase as ob served in non di a betic sam ples and will be ob jec tive of fur ther in ves -
ti ga tion.
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