
 

 

 

Abstract—Mesenchymal stem cells have the ability to 

differentiate into various types of organic cell; therefore, the 

methods to grow the cells efficiently are widely investigated. 

In this work, we propose a mathematical model based 

population dynamics for investigating the effect of Moringa 

oleifera Lam. Leaves extract on porcine mesenchymal stem 

cells proliferation according to the experimental data. The 

results benefit to understand how the number of cells grows 

under the conditions of different type of extraction. 

Furthermore, it is possible to obtain the predicted data from 

the model instead of the experiment. 

 

Keywords— Mathematical model, mesenchymal stem cell, cell 

proliferation and Moringo oleifera Lam. 

I. INTRODUCTION 

Mesenchymal stem cells (MSCs) are highly useful for 

tissue engineering in clinical application because of their 

regenerative capacity, high proliferation potential, 

immunomodulatory activity and low immunogenicity [1]. In 

the translational process from bench to bedside, preclinical 

testing is mandatory to ensure suitability and safety for 

patients [2]. Large animals such as pigs are good models for 

skeletal tissue engineering and preclinical testing since they 

provide size, organ physiology and genetic characteristics 

similar to those of humans [3]. Porcine bone marrow 

mesenchymal stem cells (pBM-MSCs) have shown 

regenerative capacity similar to those of human BMSCs and 

can therefore be preclinically applied in settings 

corresponding to autologous transplantation in patients. 

Especially, in preclinical testing of tissue-engineering 

approaches in bone defects, large animal models such as the 

pig provide physical forces similar to those of humans [2]. 

Research in pig nutrition has shown that the efficiency of 

feed conversion, quality of pork and FA profiles of meat can 
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be altered by manipulating a pig’s diet [4]. Moringa oleifera 

Lam, commonly referred to as the Drumstick tree or 

Horseradish tree is esteemed for its nutritional, phenolic, 

antioxidant and medicinal properties. Research has shown 

that fresh M. oleifera Lam leaves and dried leaf meal contain 

high levels of crude protein, vitamins, amino acids, minerals 

and fatty acids [5]. In addition to its nutritional potential to 

promote animal productivity and favourably affect fat 

composition, its high phenolic content and potent antioxidant 

properties  [6]. However, the effect of M. oleifera on pocine 

mesenchymal stem cells proliferation are not documented. 

Mathematical Biology has been expending field of study 

focusing on application of mathematical model to solve the 

problems in Biology.  Various models related to the stem cells 

have been proposed. For example, G. Bencheva [7] presented 

the computer modelling of haematopoietic stem cells 

migration and Minimal Model for Stem-Cell Differentiation 

proposed by Goto and Kaneko [8]. Those models can obtain 

some parameters which difficult to measure in an experiment.  

There is several studies stem cell proliferation specifically.  

Loeffler and Wichman [9] proposed system of differential 

quation to explain the regulation of hematopoiesis. Cowan 

and Morris [10] present the model predicting number of 

proliferative daughters and rate per proliferative cell per day 

using experimental data. Sherley et al [11] introduced the 

model related to generation of both divinng and non-dividing 

cells.  Additionally, the work from Tabatabai et al [12] is also 

the great review for the models regarding cell proliferation. In 

this work, we emphasize on the effect of MOL extract on 

proliferation of MSCs, therefore, the experimental data 

obtained by the different growing schemes  will be modeled 

and compared.  

The outline of the paper is as follows. The second section, 

the methodology of experiment is explained. The next 

section, the results from the laboratory experiment are shown 

and the results obtained by the different ways to grow the 

cells are compared, mainly, adding Moringo oleifera  Lam. 

Leaves extract and another is non-adding. Then, the 

experimental data is used to formulated the model and the 

results obtained by the model are analyzed in the fourth part. 

Finally, overall of details are summarized in the last section.  
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TABLE I 

THE EXPERIMENTAL RESULTS

 

II.   EXPERIMENTAL METHODOLOGY 

A. Preparation of Extract 

Moringa oleifera Lam. leaves (MOL) were obtained in 

Phra Nakorn Sri Ayutthaya. Dried powder was prepared by 

drying Moringa oleifera Lam. in oven at 50º C. 100 gm dried 

powder of each component was extracted with 500 ml 

methanol in Soxhlet’s apparatus for 48 hours. Methanolic 

extract was dried on water bath at 55º C. The leaves extract 

was freeze dried and stored at -70º C. Working solution was 

prepared by dissolving the extract in phosphate buffered 

saline (PBS). 

B. Cell Isolation and Culture 

Isolation and culture of porcine bone marrow derived 

mesenchymal stem cells (pBM-MSCs) from adult pig bone 

marrow. Bone marrow was aspirated from finished pig (n = 

3; 5–6 months of age) collected at a local slaughter house. 

The marrow was drawn from femoral marrow cavity into 

syringes containing 1000 U heparin. Bone marrow samples 

were washed twice with PBS and twice with DMEM. 

Subsequently, the cells were washed twice with washing 

buffer and cultured in completed medium containing 

Dulbecco’s Modified Eagle’s Medium (DMEM; GibcoBRL, 

USA) supplemented with 10% fetal bovine serum (FBS; 

Invitrogen, USA), 2 mM L-glutamine (GibcoBRL, USA), 100 

U/ml penicillin and 100 μg/ml streptomycin. The medium 

was changed every 3-4 days.  The plastic adherent fibroblast-

like cells or so-called pBM-MSCs (about 80-90% confluence) 

were sub-cultured using 0.25% trypsin-EDTA (GibcoBRL, 

USA) and replated at density of 1x105 cell/cm2         

C.  Cell Proliferation Assay in Vitro 

The effect of 100 ng/ml ethanolic extract of MOL on pBM-

MSCs proliferation was assessed using the MTT (3-[4,5-

dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) 

assay. Ex vivo expanded pBM-MSCs were seeded at passage 

three (1.0 × 104 cells/ well) in triplicate using a 96-well flat-

bottom plate (Costar, Cambridge, MA, USA) and maintained 

in 100 μl medium with 300 ng/ml ethanolic extract of MOL 

or standard culture medium for five days. Cells were treated  

 

 

with 5 mg/ml of MTT reagent (Sigma-Aldrich, St. Louis, 

MO, USA) and incubated at 38 °C for 4 h. After cells were 

washed  

twice in PBS and treated with dimethyl sulfoxide, the 

absorbance in each well was measured at a wavelength of 490 

nm using an automatic enzyme-linked immunosorbent assay 

(ELISA) reader (ELx800; BioTek Instruments Inc., 

Winooski, VT, USA). 

D. Generation of Growth Curve 

The growth characteristic of pBM-MSCs culture-expanded 

MSCs (passage  2 – 4) were trypsinized using 0.25% trypsin-

EDTA and re-plated in 24-well cell culture plate (Costar, 

corning, USA) containing 1 ml of complete medium  at a 

density of  1,000 cells/cm2. The cells were maintained at 

Those pBM-MSCs were cultured in completed medium with 

or without 300 ng/ml ethanolic extract of MOL. 

Subsequently, the cells from each well were harvested every 2 

days (day 2, 4, 6, 8, 10, 12, and 14) to determine cell number 

using hemocytometer. The mean of the triplicate cell counts 

for each day were calculated and plotted against culture time 

to generate a growth curve. 

III. RESULTS FROM THE EXPERIMENT 

In the experiment, MSCs are grown using two different 

methods. Firstly, regular growing method and another one 

adding MOL extract, in order to observe the effect of the 

extract on cell proliferation. The results are demonstrated in 

TABLE 1 and the plotted data is shown is Fig. 1.   

TABLE 1 shows the observed number of cells in units of 

thousand during 14 days recorded every 2 days. MSCs are 

divided into three passages in order to ensure the accuracy of 

the experiment. Obviously, the results obtained by all 

passages are close.  All of the results are averaged from the 

three independent tests. A number in blackest denotes 

standard deviation.  The results illustrates that the number of 

MSCs growing with MOL extract larger than those in the 

regular growing. However, the conclusion still does not 

investigate numerically.  Note that unit of cells in TABLE 1 

is of thousand.    

 

 

 

Day 

3
rd

  passage 

Number of cells 

4
th
 passage 

Number of cells 

5
th
 passage 

Number of cells 

without the extract with the extract without the extract with the extract without the extract with the extract 

0 1.00 ( ±0.00) 1.00 ( ±0.00) 1.00 ( ±0.00) 1.00 ( ±0.00) 1.00 ( ±0.00) 1.00 ( ±0.00) 

2 1.38 ( ±0.05) 1.50 ( ±0.03) 1.23 ( ±0.03) 1.23 ( ±0.06) 1.16 ( ±0.02) 1.17 ( ±0.06) 

4 2.11 ( ±0.07) 2.81 ( ±0.20) 1.97 ( ±0.07) 2.40 ( ±0.00) 1.73 ( ±0.03) 2.18 ( ±0.05) 

6 3.56 ( ±0.20) 4.39 ( ±0.31) 3.26 ( ±0.18) 3.82 ( ±0.56) 3.14 ( ±0.25) 3.66 ( ±0.56) 

8 8.26 ( ±0.27) 11.67 ( ±1.20) 8.03 ( ±0.06) 11.22 ( ±0.84) 7.93 ( ±0.12) 10.32 ( ±0.35) 

10 13.22 ( ±0.96) 17.56 ( ±0.84) 11.89 ( ±0.38) 15.67 ( ±0.58) 11.22( ±0.51) 15.11 ( ±0.38) 

12 16.11 ( ±0.69) 20.33 ( ±0.58) 14.56 ( ±0.51) 19.78 ( ±0.96) 15.89 ( ±0.51) 18.56 ( ±0.51) 

14 17.56 ( ±0.84) 21.78 ( ±0.96) 16.22 ( ±0.51) 21.00 ( ±0.58) 16.56 ( ±0.19) 19.44 ( ±0.19) 
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Fig. 1 The graphs representing the experimental data proposed in 

TABLE 1. 

 

Fig.1 illustrates the plotted data from TABLE 1 comparing 

between the number of MSCs grown by non-adding MOL 

extract and adding MOL extract for 3rd, 4th and 5th 

passages.  As can be observed, the growing pattern of the 

number of MSCs can be consider as a sigmoid curve, i.e. the 

curve which  grows slightly in the early and terminal states  

and  grows exponentially in the middle. The reason is 

because, in the beginning, MSCs proliferate exponentially 

and after 14 days MSCs cannot grow due to the limit of its 

carrying capacity, resulting in saturation after 14 days 

appearing on all graphs. The curves also indicate that MOL 

extract can improve rate of MSCs proliferation. The 

mathematical model formulated by the data will be introduced 

in the next part.   

IV. MATHEMATICAL MODEL 

A. Selection of Model 

We use the non-exponantial growth model proposed by 

Sherley et al. [11] denoted by 
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(1) 

)(tP  represents number fo cells at anytime t and  0P  

represents initial number fo cells. The model is included two 

parameters, mainly,   is called  “mitotic fraction” 

representing the percentage between the cells for which 

cellular divisions are working (Miotically active cycling) and 

cells are carrying out their normal metabolic functions which 

are not replicating (Miotically inactive non-cycling such as 

differentiated and death cells. It varies  form 0 to 1.   is a 

dimensionless parameter. Secondly, DT  denotes the 

division time (this parameter is measured during experiment). 

The model based on the four conditions as the following. 

Firstly, number of cells is unlimited by the culture plate 

capacity. Secondly, insignificant number of cells death during 

the experiment. Thirdly, cells are not diferentiate during 

experiment. Finally, DT  can be measured during the 

experiment. The adventages of the model (1) is that the 

parameters are clearly defined in term of biology meaning 

and readily to understand. 

The experiment is provided in the short-time period (14 

days) resulting in corresponding to the 2nd, 3rd and 4th 

conditions. However,  some terminal states  of  data 

appearing on period of the stable rate of growth  are omitted 

in order to arrange the data satisfying the 1st  condition of the 

model. This do not has an impact on our modeling because 

we focus on the growing processe of the MSCs that mean the 

state after stopping growth is of less significance. Therefore, 

the data set satisfies all condition of the model.  In fact, If 

studying whole behavior of celles, lossing cells such as death 

and differentiation are required, the hyperbolastic growth 

model used in [13,14,15] is prefered.    

B. Estimating Parameters and Analysis of the Results 

The experimental data are accurate if MSCs are young 

enough; therefore, the data from 3rd passage is selected for 

interpolating. The least square method is applied to estimate 
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the parameters using experimental data in TABLE 1 and 

Equations (1). DT measured during experiment for regular 

feeding and adding MOL extract are 50.15 ( ±1.03) and 47.94 

( ±1.95) hours, respectively. Note that the data in the last two 

day are omitted.   

The experimental data in TABLE 1 (only 3rd passage) are 

fitted by non-linear least square scheme. The estimated 

mitotic fraction   are 0.8126 and 0.8902 for non-adding 

and adding MOL extract growing, respectively. As can be 

observed, mitotic fraction of feeding cells with MOL extract 

is more than in regular feeding. That means the cells in the 

mitotic cycle replicate more efficiently when they are grown 

by adding MOL extract.    

The graphs given in Fig. 2 denote the plot of experimental 

data and estimated results by model, where each circular dot 

represents a cell grown regularly (above) and grown adding 

MOL extract (below).  The dash line represents graphs 

plotted by Equation (1) using given and estimated.  A star 

point represents an observed data in TABLE 1 (3rd passage).   

Gap between the observed and estimated values can be 

considered as the error of approximation. One of the most 

effective measurements of suitability of the model in least 

square scheme is coefficient of determination (R2). The 

coefficient of determination of the fitted data for the first 

graph (above) and another one (below) are 0.9259 and 

0.9051, respectively. That means the model of Equation (1) is 

appropriate to the observed data.  However, the model is 

suitable only in the non-exponential growth without 

restriction of volume capacity. 

V. CONCLUSION  

This review began with an overview of the experimental 

procedure which is used to study the manner in which MOL 

extract effect on MSCs proliferation. The experiment is 

divided into two independent parts, regularly growing MSCs 

and adding MOL extract in process. The experimental results 

are concluded and they indicate the MSCs grown by MOL 

extract yield the better rate of proliferation.  

Mathematical models are summarized which describe the 

dynamics of a division structured population of cells. The 

model has been fit to a typical cell count data set in TABLE 1 

and the results are summarized using nonlinear least square 

method. The insightful quantitative results ensure that the 

number of MSCs grown by MOL extract is more than grown 

by regular extract significantly.  

Therefore, we can conclude that MOL extract can improve 

proliferation of MSCs significantly referring to the both 

results from the experiment and the model.  
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Fig. 2 The graphs representing the Equation (1) substituted by the 

estimated parameter obtained by non-linear least square method. 
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