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Abstract 

Over the past decade, flow cytometric CFSE – labeling experiments have gained considerable popularity 

among experimentalists especially immunologists and haematologists, for studying the processes of cell proliferation 

and cell death. In this paper based on generalized cumulative damage approach with a stochastic process describing 

initial damage for a material specimen, a broad class of statistical models for material strength is developed. The new 

distribution arrived can also be written as the inverse Gaussian-type distribution, which can be interpreted as the 

first passage of the accumulated damage past a damage threshold, resulting in material failure. The results can be 

obtained, and connected with an interpreted real-situations.   
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1. Introduction  

Carboxyfluorescein succinimidyl ester (CSFE)-labelling experiments have become a 

standard assay in the analysis of cell proliferation kinetics since Lyons and parish [7] 

developed the technique. The assay has become widely used to investigate the processes of 

division and death of activated lymphocytes [4, 6]. The popularity of this flow cytometry-

based assay rests on the ability of the dye CSFE how many times any individual cell has 

divide since the beginning of the experiments. Using additional fluorescent markers attached 

to the cell membrane, to intra-cellular proteins, or to the nucleus, other cellular properties 

may be identified. For instance live and death cells can be distinguished from each other 

using TOPRP-3, a fluorescent dye that binds to the DNA and RNA inside the plasma 

membrane of death cells. The information obtained by combining multiple markers offers a 

means with unprecedented power to further advance our understanding of the most basic 

cellular functions (proliferation, death, and differentiation) and how these functions may be 

optimized or modulated by an external signal such as treatment.  

  There are many mathematical models to explain an attractive approach to the 

quantitative analysis of cell kinetics, the performance of an engineering and physical system. 

As the model is well defined, the prediction obtained from the model exactly match- with an 

interpreted real situations. A biological system is being continuously influenced by various 

biological systems and some other factors .In the absence of exact information about the 

contributions of such factors to the biological system, developing a model which can predict 

exactly is difficult. 

A general class of statistical model based on cumulative damage is derived for the 

uses of accelerated testing situations. The approach assumes that “initial damage’’ exists in a  

material specimen which reduces its theoretical strength and the initial damage can be 

modelled by a stochastic process that results in the distribution of the specimen’s initial 

strength. The power-law-weibull as an overall better fitting size-effect model than the 

ordinary weibull model.  

2. Proliferation of CD8+T lymphocytes. 

The effectiveness of CD8+T cells in controlling the spread of an infection 

depends on their proliferation rate in relation to the rate at which the virus can reproduce. 

In particular, critical parameters for the success or failure of an immune response in 

controlling infection for the particular viral pathogen include: the time to activation, the 

time to division and the probability of division of activated CD8+T cells. Multiple 

biological factors to modulate including the type and strength of activating signals, or the 

local presence of cytokines which improve the efficiency of the division of CD8+T 

lymphocytes. 

 



INTERNATIONAL JOURNAL OF ADVANCE RESEARCH, IJOAR .ORG                                                                                        
ISSN 2320-9143  3 

 

IJOAR© 2014 
http://www.ijoar.org 

3. The principals of CFSE labelling periods 

The amount of CFSE contained in individual cells can then be quantified by flow 

cytometry, a technique by which fluorescently tagged single cells are suspended in a fluid 

stream, passed through an optical cell were a laser excites the CFSE dye, and a 

photomultiplier measures the total fluorescence emission from the dye in the cell. This 

technique allows measurement of fluorescence in up to 10
7
   individual cells in a single 

sample, with multiple samples run for a single experiment.  

When a cell divides, the CFSE molecules that it contains are partitioned in 

approximately equal amount between each daughter cell, causing the CFSE-fluorescence 

intensity to decrease by a factor of two in each generation. When the histogram (pdf) of 

log transformed CFSE – fluorescence intensity is plotted, the identifiable peaks are 

indicative of the generation numbers, with the peak with highest fluorescence intensity 

corresponding to cells of first generation (that is undivided cells) the second highest peak 

corresponding to cells second generation (cells having divided once), etc. The pdf of the 

CFSE fluorescence intensity evolves over time in accordance with the kinetics of the 

cells. Examples of CFSE labelling data are displayed in panels A-B of figure1. The data 

are dependent because the fluorescence intensities of the cells that arise from the same 

ancestor cell are related to the amount of CFSE contained in the common parent cell [5]. 

             

Fig-1.Kernal density estimates of the log transformed CFSE fluorescence intensity in live 

(left) and in death (right) CD+8 T lymphocytes 64 hours after the start of the experiment. 

Each identifiable peak corresponds to one generation. The peaks are less distinguishable in 

death cells than in live cells [9].   

 

4. Mathematical model 

Consider the following generalized cumulative damage model  

c(Xn+1) = c(Xn) +Dnk(Xn)  

where c(.) is the nonnegative function. Because Dn =  [c(Xn+1) - c(Xn) ] / k(Xn), the 

damage incurred to the specimen after n increments of strain is   
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∑     = ∑     [(c(Xi+1) - c(Xi) ) / k(Xi)],  i=0,1,2,…..n-1. 

                    ≈ ∫[c′(x) / k(x)]dx = Kc(Xn)  - Kc(X0)                        (1) 

 for large n. Here Kc(X) = ∫[c′(x) / k(x)]dx , X0 < x< Xn. Then by the central limit theorem,  

Kc(Xn)  - Kc(X0) has an approximate s-normal distribution with mean nµ, and standard 

deviation √(nσ): that is  

                                                P [Kc(Xn)  - Kc(X0) ≤ u ] ≈ Φ[(u-nu) /√(nσ) ], where Φ(.) 

denotes the standard s-normal cdf. 

The following cumulative damage models are equivalent: 

          Xn+1 = Xn +D 

                                            log Xn+1 =log Xn +Dn .                           (2)  

This shows that the additive damage model of the logarithm of cumulative damage is 

equivalent to the multiplicative damage model of the cumulative damage. 

Let N be the number of increments of tensile strength is applied to a specimen of 

strength ψ until failure. Because Kc(ψ)  - Kc (X0) >0 almost surely, 

We have     

N=supn{n:X1≤ψ,……,Xn-1≤ψ}                                                                            (3)        

    =supn{n: Kc (X1)  - Kc (X0) ≤  Kc (ψ) - Kc (X0),....., Kc (Xn-1)  - Kc (X0) ≤  Kc   

            (ψ)  - Kc (X0)} 

N=1, if the set is empty. 

The survival probability after n increments of strain is given by  

P(N>n) = ∫Ωw Fn(w)dG W(w),                             (4) 

where Fn(w) = P[Kc (Xn)  - Kc (X0) ≤ Kc (w)], and GW (.) is the Cdf of 

W = Kc
 -1

(Kc (ψ)  - Kc (X0)). 

Let Yu denote the cumulative initial damage at location u (0 ≤ u ≤ L) along the length 

of the specimens. Let ML = max{Yu : 0 < u < L}denote the initial damage in terms of the 

severity of the inherent flaws over the specimens. That is, ML is the random strength 

reduction of the specimens due to the most severe inherent flaw present before stress is 

applied to the specimen of the gauge length L. Thus the initial strength becomes  

W = Kc
 -1

(Kc (ψ)  - Kc (ML)).                                                                     (5) 

 GW(w) = P[Kc
 -1

(Kc (ψ)  - Kc (ML)) ≤ w |w  Ωw] 
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            = [1-F ML (Kc
 -1

(Kc (ψ)  - Kc (w)))] ∕ [ F ML (ψ)- FML(0)],  

where Ωw = {w : w = Kc
 -1

(Kc (ψ)  - Kc (m)) , 0 < m < ψ }. 

Finally, letting S be continuous version of N, and using the symmetry of Φ(.), s gives the 

failure distribution of  the specimen as  

FS(s) = P(S ≤ s) 

                        ≈ Φ(
√  

 
 

       

√  
).                                                 (6)                          

Reparameterizing  the above cdf as µL = ᴧ(θ;L) /µ and λL =[ ᴧ(θ;L) /σ]
2
,we have  

FS( s ) = P ( S ≤  s ) = Φ(√
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Note that (7) is a Birnbaum-Saunders [2] type distribution that incorporates the gauge length 

L. The difference between the inverse Gaussian and Birnbaum-Saunders distribution 

negligible when √λL > > µL [1]. So Birnbaum -Saunders models can be approximated by the 

first term of an inverse Gaussian Cdf when   √λL/µL > > 1. The pdf for (7) is approximated by 

inverse Gaussian pdf with mean parameter λL and scale parameter µL is given by,  

                        fS (s) = √
   

    
 exp[ 

         
 

   
  

]                   (8)          

where µL = ᴧ(θ;L) /µ and λL =[ ᴧ(θ;L) /σ]
2
 .Note that √λL/µL =µ/σ is independent of L and θ. 

By selecting various form of the functions c(.) and h(.) several new models can be 

obtained. We can obtain damage models with different stochastic processes describing initial 

damage as appropriate for the physical assumptions. 

We have the following three models 

MA : λL = (     √     )
 
  

MB : λL =             
   

  MC : λL = (          )
 
[3]  

 wher µL = √λL/ξ for all three. The model MA includes the “Gauss-Gauss additive model, as a 

special case when θ3=0, and the “Gauss-Gauss multiplicative model” , as a special case with 

the constraint  

   
*   (

  
  

)    √  +  
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Also note the model MB includes the “Gauss-gamma additive model” as a special case when 

θ3 = 0. 

The power-law-Weibull model as an overall better fitting size-effect model than the ordinary 

Weibull model. The power-law Weibull Cdf is given by  

FS(s)=[1-exp[-L
θ
(s/β)

α
], s>0 .                                                                             (9) 

5. Results 

 

 
Fig.2 : log[-log(1-F(s))] is changes due to CFSE  by using weibull probability 

plots L=0.2 (Left) and L=0.1(Right). 
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6. Conclusions 

  Our experimental data provided reasonable estimates of cell kinetics parameters as 

well as meaningful insides into the process of cell division and cell death. The length of the 

labeling period will also affect the measured distribution.  A cumulative damage model   

represents the power-law-weibull cumulative density function is characterized by the failure 

FS(s).  By using FS(s) along with the time intervals the plotted data scattered and the curve 

defined a failure as initial damage a power-law- weibull distribution. The model is developed 

to find the levels of an experimental data and the results have been obtained. 
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