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Alamar Blue – íåòîêñè÷íèé ³íäèêàòîð ïðîë³ôåðàòèâíî¿ àêòèâíîñò³ êë³òèí, çäàòíèé øâèäêî ïðî-
íèêàòè êð³çü á³îëîã³÷í³  ìåìáðàíè ³ ëåãêî â³äíîâëþâàòèñü âíóòð³øíüîêë³òèííèìè ôåðìåíòàìè. Íàêîïè-
÷åííÿ â³äíîâëåíî¿ ôëóîðåñöåíòíî¿ ôîðìè Alamar Blue çà óìîâè êîðîòêîñòðîêîâîãî êóëüòèâóâàííÿ ë³ìôî-
öèò³â ïåðèôåðè÷íî¿ êðîâ³ ëþäèíè ìîæå áóòè âèêîðèñòàíî ÿê òåñò íà æèòòºçäàòí³ñòü, îñê³ëüêè îáðîá-
ëåííÿ êë³òèí äèã³òîíèíîì, ùî âèêëèêàº ðóéíóâàííÿ ïëàçìàòè÷íî¿ ìåìáðàíè, ïðàêòè÷íî ïîâí³ñòþ ïðè-
ãí³÷óº â³äíîâëåííÿ ³íäèêàòîðó. ²íã³áóâàííÿ â³äíîâëåííÿ Alamar Blue àçèäîì íàòð³ÿ ñâ³ä÷èòü, ùî éîãî
ìåòàáîë³çì ïîâ’ÿçàíèé  ³ç ì³òîõîíäð³àëüíîþ àêòèâí³ñòþ. Ïîð³âíÿëüíèé àíàë³ç â³äíîâëåííÿ Alamar Blue
òà ñïîæèâàííÿ êèñíþ ³çîëüîâàíèìè ì³òîõîíäð³ÿìè ïå÷³íêè ùóð³â ïîêàçàâ, ùî â³äíîâëåííÿ Alamar Blue
çä³éñíþºòüñÿ íå ÿêèìîñü ïåâíèì ôåðìåíòîì äèõàëüíîãî ëàíöþãà, à ìîæå áóòè ðîçãëÿíóòå ÿê ³íòåãðàëü-
íèé ïîêàçíèê àêòèâíîñò³ éîãî îêèñëþâàëüíî-â³äíîâëþâàëüíèõ êîìïîíåíò³â.

Ê ë þ ÷ î â ³  ñ ë î â à : Alamar Blue, ë³ìôîöèòè, ì³òîõîíäð³¿, ³íã³á³òîðíèé àíàë³ç, ôåðìåíòè äè-
õàëüíîãî ëàíöþãà, ñïîæèâàííÿ êèñíþ, ôëóîðåñöåíö³ÿ.

The successful search of informative and sensi-
tive method for determination of the viability
and proliferative activity of different cell types

plays an important role in the efficiency of biomedi-
cal and cytotoxic studies. Nowadays, test based on
the reduction of resazurin dye, which is commer-
cially known as Alamar Blue (AB), takes a great in-
terest in the investigators all over the world (Fig. 1)
[1].

The oxidation-reduction (REDOX) potential of
AB is +380 mV (pH =7.2, 25 °C degree). It pene-
trates quickly through the biological membranes and
can be easily reduced by intracellular enzymes. After
the reduction, AB changes from nonfluorescent “blue”
form with the maximal absorption of 600 nm to the
“red” fluorescent form with maximal absorption of
570 nm. This event makes it possible to determine
the reduced form of AB by measuring both absorp-
tion and fluorescence. The accumulation of the re-
duced form of AB is proportional to the activity of
REDOX enzymes, i.e. it has a capacity to reflex the
metabolic state of cells [2]. AB has several benefits
compared to MTT (3-(4,5-dimethilthiazol-2-yl)-2,5-
diphenyltetrazolium brîmide) or XTT (sodium 3′-
[1-phenylamino-carbonyl]-3,4-tetrazolium]-bis(4-
methoxy-6-nitro) benzene-sulfonic acid hydrate)
tetrazolium salts. It is non-toxic to the cells and it is
soluble in culture media in oxidative form as well as
in the reduced one. So, it is possible to make a long-
term monitoring of cells in culture without any neg-
ative effects. Some studies on long-term culture of
plant cells [3], fibroblasts [4], osteoblasts [5], epi-

thelium cells [6], lymphocytes [7] and transformed
cell lines [8, 9] show that the reduction of AB corre-
lates with the viability and proliferative activity of
cells. However, studies that show the possibility of
using AB assay for determining cell viability under
short-term culture conditions were not reported yet.
At the same time, a question of enzymatic systems,
which are responsible for AB reduction is still open.
Different authors consider that mitochondria take
the main part in AB reduction. This view is based
on the high activity of mitochondrial respiratory chain
REDOX enzymes as well as on the ability of cyto-
chrome oxidase (1.9.3.1.) inhibitor sodium azide to
inhibit the AB reduction [1, 2]. Another study, which
was carried out on rats medulla synaptosomes showed
that treatment of synaptosomes with mitochondria
inhibitors such as antimicyn A or malonate inhibi-
ted the AB reduction [10]. At the same time, taking
into account the high sensitivity of AB assay (meas-
urements were carried out on samples, contained

Fig. 1. Chemical formula of resazurin.
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only 25 μg of protein), authors consider it to be the
easiest method for determination of functional activity
of intracellular mitochondria. However, studies on
isolated mitochondria have not been carried out yet.

Thereby, the aim of this study was to investi-
gate the possibility of using AB assay for determining
the viability of human peripheral blood (PB) lymp-
hocytes under short-term culture conditions as well
as for measuring the respiratory chain activity of
isolated rat liver mitochondria.

Materials and Methods

Lymphocyte isolation. Human PB lymphocytes
were separated in Ficoll-Paque (p = 1.077) density
gradient [11]. For this purpose 4 ml of stabilized
blood, diluted 1 : 1 by Hank’s balanced salt solution
(«Sigma-Aldrich», USA) were layered on 2 ml of
Ficoll-Paque («Pharmacia», Sweden) and centrifuged
at 400 g for 15 min. After collection cells were washed
twice by centrifugation at 200 g in Hank’s solution.
The cell suspension viability was determined by trypan
blue («Sigma-Aldrich», USA) staining method. Cells
were counted, using haemocytometer (USA).

Short-term culture of PB lymphocytes and Alamar
Blue viability assay. Freshly isolated PB lymphocytes
were resuspended in DMEM/F12 culture medium,
supplemented with 10% of fetal calf serum (FCS),
penicillin (50 units/ml) and streptomycin (50 mg/ml).
Cell suspensions with densities of 104, 105 and 106

cells per ml were seeded into 96-well plate by 200 μl
per well. 20 μl of AB («Serotec Ltd», USA) were
added to each well and cell suspensions were cul-
tured in 5% CO2 / 95% humidity at 37 °C for 48 hrs.
In parallel experiments digitonin («Sigma-Aldrich»,
USA) in concentration of 100 μg per 106 of cells
[12,13] which causes the destruction of plasma mem-
brane, or the cytochrome oxidase inhibitor sodium
azide («Sigma-Aldrich», USA) in final concentra-
tion of 5 mM have been added. The reduced form of
AB was determined by fluorescence measurements at
excitation wavelength 550 nm and emission of
590 nm. Measurements were carried out using Te-
can Genios microplate reader  («Tecan inc.», Aust-
ralia). Data analysis was made using software sup-
plied with the Tecan reader. Results were demon-
strated as the relative fluorescent units (RFU) which
were calculated by this formula:

RFU = fluorescence measurement of cells –
fluorescence measurement of background.

As a background the fluorescence of AB in the
medium without cells was used.

Mitochondria isolation and investigation. Mito-
chondria were isolated from livers of white female
rats with the body weight of about 200–300 g by
differential centrifugation method [14, 15]. All ma-
nipulations with animals were carried out under the

ether narcosis according to “European convention
for defense from application of vertebrates with ex-
perimental and scientific aims”. Mitochondria were
incubated at +26 °C in the medium supplemented
with 200 mM of mannitol, 50 mM of sucrose, 10 mM
of KH2PO4, 0.5 mM EDTA and 30 mM of Tris-
HCl (pH = 7.4). The oxygen consumption was de-
termined using Clark’s closed electrode on Rank
Brothers polarographic analyzer, model 20 («Rank
Brothers», UK).

In parallel, using the same conditions, the re-
duction of AB was measured as described above.

Glutamate and malate (5 mM) or succinate
(8 mM) or ascorbate (5 mM) with TMPD (1 mM)
were used as substrates [14, 15]. An uncoupler of
oxidative phosphorylation 2,4-dinitrophenol (DNP,
100 μM) and inhibitors mersalyl (10 mM), roteno-
ne (1 μM), antimicyn A (2 μg), sodium azide (5 mM)
and cyanide (5 mM) were used [14, 15]. All sub-
strates were produced by «Sigma-Aldrich» (USA).

Protein content was measured by the method
of Lowry [16].

Statistical analysis. Analyses were done using
Student’s t test. Means ± SEM are listed.

Results and Discussion

Alamar Blue reduction in peripheral blood lym-
phocytes culture. The viability of freshly isolated lym-
phocyte suspension assessed by trypan blue staining
was 95 ± 2% and did not reduce during 24 hrs of
culture. Then, the viability slowly decreased and was
about 60% at 48 hrs of culture. The fluorescence
intensity was studied immediately after AB addition
into cell culture, and then every 4–12 hrs of culture.
Fig. 2 demonstrates the dynamics of AB reduced form
accumulation during PB lymphocytes culture in fi-

Fig. 2. The reduction of AB during PB lymphocytes
culture. A – cell suspension in final concentration
104 cells per ml; B – cell suspension in final
concentration 105 cells per ml; C – cell suspension in
final concentration 106 cells per ml; (n = 4 in
triplicate).
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nal concentrations of 104, 105 and 106 cells per ml.
It is shown that during 48 hrs of culture there was
no significant difference in fluorescence between cell
suspension in final concentration of 104 and a back-
ground (Fig. 2). At the same time, suspensions in
final concentrations 105 and 106 showed significantly
higher fluorescence levels compared to the background.
The accumulation of AB reduced form which was
accompanied with the enhancement of fluorescence
was proportional to the cell concentration in culture.
The fluorescence intensity increased linearly for cell
suspensions in final concentrations of 105 and 106

cells per ml during 28 hrs of culture. The accumula-
tion of AB reduced form increased 1.4 ± 0.1 times
for every 6 hrs of culture in the both cell concentra-
tions. Then, the rate of AB reduction decreased and
after 42 hrs the accumulation of AB reduced form
was not observed. It could be a result of formation of
the final reaction product – colorless and nonfluo-
rescent substance hydrorezoruphin [2]. The effect of
additives on the accumulation of AB reduced form
was investigated after 24 hrs of culture because the
fluorescence growth was linear during this time.

The experiments with digitonin, which destroys
the integrity of the plasma membrane, were carried
out to study the capacity of using AB assay for deter-
mining cell viability. The addition of digitonin to
culture medium caused the staining of all cells by
trypan blue dye. Fig. 3 shows that the addition of
digitonin simultaneously with lymphocytes almost
completely inhibited the AB reduction after 24 hrs
of culture in both cell concentrations.

Sodium azide – the inhibitor of mitochondrial
cytochrome oxidase, as an additive to lymphocyte

culture did not lead to significant cell staining, but
did reduce the AB reduction for about 4 times (Fig. 3).
These results show that AB assay may be used for
viability determination and that its reduction is asso-
ciated with mitochondrial enzyme activity. The con-
clusion does not contradict the opinion that digito-
nin does not destroy the mitochondrial membrane
because of cholesterol absence. Earlier we have shown
on isolated hepatocytes that the addition of digitonin
quickly inhibits the respiratory activity of intracellu-
lar mitochondria [17]. The fact that the inhibitor of
mitochondrial respiration did not completely reduce
AB fluorescence and its effect was less than that of
digitonin needs more detailed studying on isolated
mitochondria.

The reduction of Alamar Blue by isolated rat
liver mitochondria. The addition of mitochondria into
incubation medium caused quick reduction of AB.
The accumulation of fluorescent form was propor-
tional to protein contents in suspension and to the
protein concentration of 0.3–0.4 mg per ml and had
a linear enhancement of fluorescence during incuba-
tion for at least 15 minutes. Fig. 4 shows the effect
of mitochondrial substrates and inhibitors on AB
fluorescence (A) and oxygen consumption rate (B)
of mitochondria. For this aim mitochondria were
pre-incubated with different substrates and inhibitors
for 5 min, then AB was added and measurement was
carried out after 5 min. Our results indicate that the
addition of NAD-dependent substrates (glutamate +
malate) or succinate did not sharply change the flu-
orescence of AB. At the same time the substrate of
cytochrome oxidase TMPD + ascorbate increased
the AB fluorescence 2.5 times compared to endog-
enous substrates values. In this case the fluorescence
intensity in the absence of exogenous substrates was
33900 ± 8200 RFU per mg of protein. After oxida-
tion of substrates of I, II and IV complexes of the
respiratory chain the fluorescence indexes were
36700 ± 1900, 39200 ± 600, and 83300 ± 6800 RFU
per mg of protein, respectively. The uncoupler DNP
stimulated AB fluorescence index more than 2 times
in the presence of NAD-dependent substrates and
slightly affected these meanings in the presence of
succinate or ascorbate + TMPD.

According to the AB designers’ opinion [3], it
has the capacity to be reduced by cytochrome oxi-
dase – the terminal enzyme of the respiratory chain.
In this case the AB fluorescence index must corre-
late with the activity of respiratory chain, which can
be determined by the oxygen consumption rate.
However, such correlation was not observed in this
study. Fig. 4, B shows that the mitochondria respi-
ratory rate during oxidation of malate + glutamate,
succinate or TMPD significantly exceeded the en-
dogenous respiratory rate and was 7.7 ± 1.3; 12.1 ±

Fig. 3. The effect of digitonin and sodium azide on
AB reduction during 24 hrs of PB lymphocytes culture.
A – cell suspension in final concentration 10 5 cells
per ml; B – cell suspension in final concentration
10 6 cells per ml; (n = 5 in triplicate); * data is
significantly different in comparison with untreated
samples (p < 0.05).
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A comparative study of AB reduction and oxy-
gen consumption rate in isolated mitochondria showed
that AB fluorescence did not correlate with the elec-
tron transport in the presence of the uncoupler and
different substrates using the same conditions of
measurement. The slight stimulation of succinate or
TMPD + ascorbate oxidation by the uncoupler might
be explained by the uncoupling effect of AB. Special
experiments showed that at high concentrations (over
15%) AB really has the uncoupling effect on oxida-
tive phosphorylation, however, in the chosen con-
centration (10%) this effect was not observed. The
fact that DNP equally stimulated both fluorescence
and oxygen consumption rate in the oxidation of
NAD-dependent substrates also indicates that AB does
not have an uncoupling effect on oxidative phospho-
rylation.

To determine components of respiratory chain,
which take part in AB reduction, the inhibitory ana-
lysis was carried out (Fig. 5). Fig. 5, A shows that
AB fluorescence intensity during succinate oxidation
in the presence of DNP was 45900 ± 110 RFU per
mg of protein. After the addition of inhibitor of bc1-
complex of respiratory chain antimicyn A or the
inhibitor of cytochrome oxidase sodium azide, the
fluorescence intensity was reduced but remained at
the 50% point compared to the initial one (in the
absence of inhibitors). At the same time, the inhibi-
tors almost completely stopped the oxidation of suc-
cinate in the respiratory chain. During the oxidation
of TMPD + ascorbate in the presence of DNP in-
hibitors of cytochrome oxidase (cyanide or azide)
completely inhibited oxygen consumption, but the
AB fluorescence intensity decreased by these inhibi-
tors less than 2 times (Fig. 5, B). Inhibition of AB
fluorescence by cyanide or azide indicates that cyto-
chrome oxidase takes part in AB reduction. At the
same time, the incomplete inhibition of fluorescence
by cytochrome oxidase inhibitors allows to assume
that the AB reduction may be caused by direct inter-
action of AB with TMPD. Indeed, in the absence of
mitochondria TMPD reduced AB.

The AB fluorescence intensity during oxidation
of NAD-dependent substrates in the presence of the
uncoupler did not decrease after the addition of ro-
tenone or antimicyn A (Fig. 5, C). These inhibitors
completely prevented the oxygen consumption during
oxidation of NAD-dependant substrates. Inhibition
of substrate transport into mitochondria by mersalyl
resulted in the decrease of AB fluorescence intensity,
which was stimulated by the uncoupler, down to
32800 ± 7100 RFU per mg of protein. This value
was equal to the fluorescence level without exoge-
nous substrates. In the aggregate, these results allow
to assume that NADH-dehydrogenase (1.6.5.3.) has
the capacity to reduce AB.

Fig. 4. The effect of different substrates on AB
fluorescence (A) and oxygen consumption rate (B) in
mitochondria in the absence (white columns) or
presence (dark columns) of DNP. 1 – no exogenous
substrates; 2 – glutamate+malate; 3 – succinate;
4 – TMPD+ascorbate. (n = 5 in triplicate); * data is
significantly different in comparison with the samples
without exogenous substrates (p<0.05); ** data is
significantly different in comparison with the samples
without DNP (p < 0.05).

± 3.4 and 39.5 ± 6.4 nmol O2/min per mg of pro-
tein respectively. Oxygen consumption rates during
oxidation of glutamate + malate, succinate and
TMPD + ascorbate in the presence of DNP were
52.8 ± 3.23, 60.9 ± 4.9 and 73.4 ± 6.5 nmol O2/
min per mg of protein correspondingly (Fig. 4, B).
The stimulation of substrate oxidation rate by the
uncoupler (respiration control index) was 7.56 ±
± 0.25 for NAD-dependent substrates, 4.86 ± 0.36 –
for succinate and 1.92 ± 0.07 – for TMPD + ascor-
bate. These meanings were adequate to common
values [14, 15].
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Thus, results obtained on isolated mitochon-
dria did not allow to determine a single part of res-
piratory chain which is responsible for AB reduc-
tion. Being based on the fact that AB has a high
oxidation-reduction potential (+380 mV) we can sup-
pose that it has the capacity to act as an electrons
acceptor for different components of respiratory chain,
such as NADH-dehydrogenase, succinatedehydroge-
nase (1.3.5.1.), FADH2, FMN, ubiquinone, cyto-
chrome c etc.

Summarizing aforesaid, the data obtained on
isolated cells and mitochondria show that AB assay
can be used as a viability test, which is based on the
determination of metabolic activity of mitochondria.
Furthermore, the AB can be reduced not by a spe-
cific enzyme of the respiratory chain. It seems to be
the integral indicator of oxidation-reduction activity
of the respiratory chain components.

This research was supported by Grant Well-
come Trust No.069472 (UK).
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S u m m a r y

Alamar Blue is a widely used nontoxic indica-
tor of cell proliferative activity, which penetrates
quickly through the biological membranes and can
be easily reduced by intracellular enzymes. Accumu-
lation of reduced fluorescent form of Alamar Blue
during short-term culture of human peripheral blood
lymphocytes may be used as a cell viability test since
it was prevented by disruption of plasma membrane
by digitonin. The inhibition of Alamar Blue reduc-
tion by NaN3 indicates that its metabolism is associ-
ated with mitochondrial activity. A compaative study
of Alamar Blue reduction and oxygen consumption
on isolated rat liver mitochondria shows, that the
Alamar Blue reduction is not associated with the ac-
tivity of specific complex of respiratory chain and it
seems to be an integral indicator of oxidation-reduc-
tion activity of respiratory chain components.

K e y  w o r d s: Alamar Blue, lymphocytes, mi-
tochondria, inhibitory analysis, respiratory chain en-
zymes, oxygen consumption, fluorescence.
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the presence of uncoupler DNP. Substrates: À –
succinate; B – TMPD + ascorbate; C – glutamate +
malate. (n = 5 in triplicate); * data is significantly
different in comparison with the samples without
inhibitors (p < 0.05).
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