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In this paper, we report the discrimination of the viability of human umbilical cord mesenchymal stem cells 

(hUC-MSCs) with photo-induced delayed luminescence (DL). We measure the DL decay kinetics of hUC-MSCs using 

an ultraweak luminescence detection system, and find the significant difference in the weight distributions of the decay 

rate for hUC-MSCs with high and low viabilities. Spectral discrimination of hUC-MSCs with high and low viabilities 

is thus carried out by comparing the DL kinetics parameters, including the initial intensity, the peak decay rate and the 

peak weight value. Our results show that the novel optical method for the viability diagnosis of hUC-MSCs has a 

promising prospect.  
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Mesenchymal stem cells (MSCs) are a kind of particu-

larly attractive candidate for clinical applications due to 

their intrinsic properties, including multi-differentiation 

capacity, hematopoietic-supporting activity, immuno-

modulatory potency and self-renewal[1-6]. Previous stud-

ies have shown that MSCs can be isolated from not only 

the bone marrow but also other organs, such as human um-

bilical cord[7,8]. Compared with the bone marrow-derived 

MSCs (BM-MSCs), human umbilical cord MSCs (hUC- 

MSCs) are safe, abundant and without ethical problems. 

Accordingly, hUC-MSCs have attracted increasing atten-

tion in recent years. Research findings suggest that 

hUC-MSCs have great potential applications in under-

standing regeneration medical development and cell-based 

therapy[9-12]. It is well known that a large population of 

cells sustained in high viability is fundamental to a suc-

cessful cell-based therapy. Therefore, the viability diag-

nosis is a key step for the population expansion and qual-

ity assurance of hUC-MSCs. 

Label-free cell-based assays are desirable for cyto-

logical analysis. A new method based on photo-induced 

delayed luminescence (DL) is worthy of attention and 

exploration. The phenomenon of DL is known as the 

long-lived afterglow of biological systems after being 

illuminated with white light or monochromatic light[13]. 

Many researchers have already carried out some attempt 

of using DL in biology and medicine as a quantitative 

diagnostic method for different physiological and patho-

logical changes[14-21]. Owing to the striking correlation and 

advancement of ultraweak irradiation detection technology, 

it is possible to obtain information on change of viability 

of cells by using DL as a fast and sensitive optical indi-

cator. For developing a novel cytological method, we re-

port the use of DL to spectrally discriminate hUC-MSCs 

with different viabilities in this paper. 

The hUC-MSCs were isolated from umbilical cords 

which are collected from healthy parturient women with 

well-developed fetus[22]. Briefly, the cords were minced 

into 1 mm3 small fragments and washed thoroughly with 

phosphate buffered saline (PBS) to remove contamina-

tion. The fragments were then treated with 0.075% col-

lagenase II (Sigma) and 0.25% trypsin (Sigma) at 37 °C 

for 30 min. The digested mixture passed through a 200 

µm filter to obtain cell suspension. The dissociated cells 

were washed twice with PBS, planted on uncoated cul-

ture flasks, and then cultured in Dulbecco’s modified 

Eagle’s medium with low glucose (DMEM-LG/F-12, 

DF12, Gibco) and 10% fetal bovine serum (FBS, USA). 

The culture medium was replaced every 2 days at first 

and then every 3 or 4 days. The cells were serially pas-

saged and expanded in a humidified incubator at 37 °C 

with 5% CO2. 

The hUC-MSCs with different viabilities were used 

for experiments. The decrease of the cell viability is in-
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duced via cell starvation by making the cells suspended 

in PBS at a low temperature of 4 °C for several days. 

The cell viability was measured using the trypan blue 

dye exclusion method every day, and the viability is de-

fined as the ratio of the number of viable cells to the total 

number of all cells. 

To perform DL decay kinetics measurements, an ul-

traweak luminescence detection system is employed. The 

experimental setup of the system for monitoring DL de-

cay kinetics is shown in Fig.1. A xenon flash lamp 

(L7685, Hamamatsu Photonics, Japan) with pulse width 

of 5 µs, adjustable pulse energy and flash frequency was 

chosen for illumination. The detection system consists of 

a highly sensitive photomultiplier tube (PMT, R943-02, 

Hamamatsu Photonics, Japan) cooled down to −30 °C, a 

preamplifier (SR445, SRS, USA), a photon counter 

(Multichannel Scaler/Averager, SR430, SRS, USA), two 

shutters and a sequential control unit. The two shutters 

are located in the excitation and signal light paths re-

spectively, and are able to complete open and close ac-

tions one after the other within 1 ms interval, which 

serve to eliminate the disturbance by the afterglow of 

light source and ensure the safe measurement of the lu-

minescence signal by the PMT. DL decay kinetics meas-

urements were carried out under the same excitation 

conditions with mean power of 20 µW and illumination 

time of 335.54 ms at constant temperature of 22 °C and 

relative humidity (RH) of 40%. A bin width of 327.68 µs 

was used for all measurements. A 290–370 nm band pass 

filter, a 410 nm dichroic mirror and a 400 nm long pass 

filter were combined for the detection of DL. For each 

sample, three repeated measurements were performed. 

 

 

Fig.1 Schematic diagram of the experimental setup 

 

The hUC-MSCs with different viabilities are used for 

DL experiments. We define that if the ratio of the num-

ber of viable cells to the total number of all cells is 

greater than 80%, the viability is identified as high vi-

ability, while if the ratio is less than 20%, the viability is 

identified as low viability. Fig.2 shows the average DL 

decay curves of hUC-MSCs with both high and low vi-

abilities in the duration of 3.5–120 ms after illumination, 

and each curve represents the mean value of three indi-

vidual measurements. The system noise is evaluated, and 

the background count is about 12 c/s in the magnitude, 

which can be neglected compared with the DL intensities 

of the cells within 120 ms after illumination. The out-

standing signal-to-noise ratio (SNR) of this detection 

method provides the basis for reliable measurement of 

ultraweak luminescence signal. 

 

 

Fig.2 Experimental and fitted DL decay curves of 

hUC-MSCs with high and low viabilities  

 

A significant difference in DL decay features of 

hUC-MSCs with high and low viabilities is observed 

from Fig.2. Compared with the hUC-MSCs with high 

viability, the initial photon counts for hUC-MSCs with 

low viability decrease apparently. Ideally, we should find 

an appropriate mathematical model to quantitatively 

characterize the DL decay. It is found that the DL decay 

kinetics of different kinds of biological systems can be 

fitted by the hyperbolic function. In this paper, the DL 

decay curves of hUC-MSCs with both high viability and 

low viability are characterized by a hyperbolic function as 

0
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where I0 and I(t) denote the DL intensities at the initial 

time t=0 and time t after illumination, t0 is the character-

istic time of decay rate, and m is the index factor. DL 

characteristics are described by I0, t0 and m, which can be 

obtained by fitting the experimental data. Fig.2 shows 

the fitted curves for DL decay of hUC-MSCs with high 

and low viabilities, for hUC-MSCs with high viability, 

I0=655 c/327.68 µs, t0=1.917 24 ms, m=1.144 11 and 

R2=0.997, and for low viability hUC-MSCs, I0=391 

c/327.68 µs, t0=0.732 27 ms, m=1.113 32 and R2=0.986. 

Previous investigations have shown that for different 

biological systems, the hyperbolic relaxation is a charac-

teristic active response of an ergodic coherent state[13]. 

However, some other research results showed that this 

decay can also be generated by the non-coherent super-

position of various exponential relaxations with different 

decay rate constants, which means that the DL is a com-

prehensive embodiment of various decay processes of 

luminescence in the biological systems[23]. In the case of 

cells, the previous results demonstrated that the DL con-

tains a variety of light-emitting decay processes[22]. 

Therefore, it is reasonable to describe the DL decay ki-
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netics as the superposition of exponential functions with 

different decay rate constants and weight coefficients, 

which can be expressed as 

0

( ) ( )e dtI t Af
νν ν

∞
−= ∫ ,                       (2) 

where A is the normalized constant and is set to be I0 to 

account for the initial intensity of DL, ν is the decay rate, 

and f(ν) stands for the weight distribution for the factor ν. 

From the point of view of mathematical analysis, the 

distribution function f(ν) is the Laplace transform of 

I(t)/I0. Therefore, the mathematical expression of f(v) can 

be obtained by performing an anti-Laplace transform 

processing, which is expressed as 

0
1

0
( ) e / ( )

tm mf t m
νν ν Γ−−= ,                     (3) 

where the gamma function is Γ(m)=(m–1)!. Fig.3(a) 

shows the weight distribution of the decay rate v for the 

DL of each sample based on Eq.(3). 

As shown in Fig.3(a), there is a significant difference 

in weight distributions of the decay rate v for DL of 

hUC-MSCs with high and low viabilities. To quantita-

tively analyze the difference, the peak parameters of the 

weight distribution f(v), including the peak decay rate 

vmax and its corresponding peak weight value Fmax, are 

employed to describe the DL decay kinetics.  

In the weight distribution curve, df(v)/dv=0, we can 

calculate vmax and Fmax as 

max

0

1m

t

ν −= ,                               (4) 
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From Eqs.(1), (4) and (5), we obtain three characteris-

tic parameters of I0, vmax and Fmax of the DL. Fig.3(b)–(d) 

show the comparisons of the characteristic parameters 

for hUC-MSCs with high and low viabilities. It can be 

seen that the initial intensity I0 of (682±51) c/327.68 µs 

and the peak weight value Fmax of (1.235±0.097)×10−3 

for DL of hUC-MSCs with high viability are respectively 

105% and 134% higher than those of hUC-MSCs with 

low viability, which are I0=(332±63) c/327.68 µs and 

Fmax=(0.527±0.063)×10-3. On the other hand, the peak 

decay rate vmax of 92.82±20.29 s−1 for hUC-MSCs with 

high viability is less than that of the hUC-MSCs with 

low viability, which is 193.74±36.81 s−1. Statistically, a 

bilateral t-test is employed for comparing the differences 

in characteristic parameters. The p-values for I0, vmax and 

Fmax are 0.031, 0.035 and 0.009 for hUC-MSCs with high 

and low viabilities, respectively. The low p-value 

(p<0.05) indicates that the differences in the three pa-

rameters are statistically significant for hUC-MSCs with 

high and low viabilities. Therefore, a comparison of 

these parameters shows the solution of distinguishing the 

hUC-MSCs with high and low viabilities from healthy 

controls. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig.3 (a) Weight distribution of the decay rate v for the 

DL of hUC-MSCs with high and low viabilities; Com-

parisons of (b) I0, (c) vmax and (d) Fmax for hUC-MSCs 

with high and low viabilities 

 

In this paper, using an ultraweak luminescence detec-

tion system, we measure DL from hUC-MSCs with both 

high and low viabilities and obtain the outstanding SNR. 
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We identify a significant difference in the weight distri-

bution of the decay rate for the hUC-MSCs with high 

and low viabilities. With the initial intensity (I0), the 

peak decay rate (vmax) and the peak weight value (Fmax) 

as the characteristic parameters, explicit discrimination 

of hUC-MSCs with high and low viabilities can be real-

ized. In future work, we expect to identify the cell viabil-

ity responsible for causing the variation in kinetics pa-

rameters of the DL of stem cells. 
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