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Abstract: 
Peripheral blood lymphocytes from goats (local breed) were cultivated in RPMI-1640 
medium containing 15µg/ml of BudR 20 µg/ml of PHA for different times (12, 24, 36, 
48, 60, 72 and 96) hrs. to determination the cell cycle duration. Blastogenesis was 
appeared post first 12hr of cultivation followed by first mitoses post 24 hrs. of culture 
initiation. The second and third cell cycling lasted 22 and 21 hrs, respectively. Effects 
of 6-thioguanine, methotrexate , colchicine and tamoxifen on cell cycle progression 
were investigated. Goat cells were found to be resistant to tamoxifen and MTX and 
sensitive to 6 TG and colchicine, which could be use as genetic markers to chick 
cellular genome integrity. Priming of goat blood lymphocytes was achieved by 
treating the blood with PHA for 24hr. Such treatment increased the in vitro growing 
period of derived lymphoblasts with short cycling time. However, PHA was found to 
be a promoting factor for initiation of blastogenesis and cell divisions in goat blood 
lymphoblasts. These techniques: Genetic markers, cytogenetic analysis cell cycling 
and lymphoblast explantation are crucial processes for nuclear transplantation 
processes.  
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Introduction: 
Mammalian cell cycle is defined as the ordered sequence of events by which cells grow, 
copy their DNA and divide, which ensures that each new cell is born with a full set of 
genetic instructions in somatic cells or with half the genetic content of their progenitors as 
in sperms and eggs [1]. The phases of the cycle each have an abbreviated name. G1 (Gap) 
is the period immediately after cell division; S phase is the next stage, during which the cell 
synthesis a copy of its DNA. The gap between the end of S. phase and the onset of mitoses 
is known as G . Cells may also leave the cycle all together and spend long periods without 
dividing stands Go. The entire cycle, from one division to the next in mammals takes 
anything from 10-24hrs. [2, 3].  
For the cloning biologists, the cell cycle had to remain just an uncomfortable awareness. At 
the time no biologist understood detail how the cell cycle worked, or how it control it- and 
still less why the phase of the cell cycle would affect the outcome of nuclear transfer [4].  
The cell cycle is complicated and esoteric. It requires full-time dedication. The science and 
technology of cloning need input from a different branch of biology to study cell cycles [5]. 
It was postulated that the fate of transferred karyoplasts depends very much on the 
maturation promoting factor (MPF) content of the cytoplasts. If the nuclei are diploid- 
meaning in G1 or G0, they can be then safely transferred whether the MPF content of the 
receiving cytoplast is high or low. But if they are not diploid if they are in S or G , then 
they cannot be transferred safely into high MPF environment [6]. They can be transferred 
into low MPF environments without chromosomal damage although.  
In this work, we attempted to study goat cell cycling in order to reach the point of a proper 
stage for nuclear transfer using blood lymphocyte as a model. 
Materials and Methods:- 
Goats: Ten local breed goats (AL-Shami and Arabi: 8 females and 2 males) from the 
animal unit at the center were included in this investigation. All animals were healthy at the 
time of testing. 
Cytogenetic analysis: 
Blood lymphocytes were cultured in RPMI-1640 medium for blastogenesis, cell divisions 
and replication under optimum conditions. [7] , [8] , [9] . Two cultures were initiated from 
the blood samples of each animal. Briefly, 0.5ml of heparinized blood was inoculated in 
4.5ml medium containing 10% foetal calf serum (Gibco, USA) , 0.2ml (20µg/ml) of PHA 
(IAEC, Iraq), and  15µg/ml of BudR. The cultures were kept in the dark at 37°c for 68 hrs. 
Colchicine (Sigma) was added at concentration of 10µg/ml for 3hr. before harvesting. The 
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cells were treated with 0.075M KCL, fixed with methanol: acetic acid (3:1) and spread on 
clean-wet slides. The blood lymphocyte transformation which expressed as blastogenesis 
was counted as number of blasts per 1000 cultivated cells (BI). The mitotic activity that 
expressed as mitotic index (MI) was counted as percentage of cells at mitoses per 1000 
cultured cells (i.e. interphase nuclei). For each animal 10-15 well spread metaphase were 
examined for chromosome counting.  
Identical slides from each culture for the same animal were stained with DAPI -stain [10] 
for counting the percentage of the cells at 1st , 2nd or 3rd metaphases for counting the 
replicative index (RI) [11].  

             1× %M1 + 2× %M2 + 3×%M3 
                           RI =                         
                                                    100  

Standardization of colchicine treatment: 
A: Different concentration of colchicine (10, 20, 30, 40 µg/ml) (From Sigma Company) 
was added to blood cultures of 3 animals at last 3hrs. Of incubation period 72hrs. and slide 
were prepared and BI and MI were counted.  
B: At a concentration of 10µg/ml of colchicine, the treatment times were either 2 or 3hrs. 
and both BI and MI were counted in slides which stained with Giemsa.  
Cell Cycle progression: 
Blood taken from the same animals that been examined before in the above experiment 
using colchicine at 10 µg/ml for last 3hr was used in this experiment. Starting at 12, 24, 36, 
48, 60, 72 hrs. And 96 hrs. of incubation time BI, MI and RI were counted [12] . 
DNA/RNA ratio was determined after 24, 48 and 72 hr following method of [13]. 
Cell Cycle blocking:- 
Three agents: Methotrexate, 6-thioguanine and tamoxifen which known to block cell 
cycling at different phases were used in this experiment. Different concentrations of each 
agent were added to cultures that initiated from the same animal independently. BI and MI 
were counted in 72 hrs. Cultures as described before [14, 15]. 
Explantation of lymphoblasts: 
Priming with PHA: Blood samples from same animal were divided into 3 parts. 1st was 
inoculated as whole blood (0.5ml in 4.5 ml medium), 2nd and 3 rd parts treated with 0.1ml 
PHA and incubated for 3 and 24 hrs. after centrifugation at 500 rpm. 0.5 ml of each was 
added into 4.5ml medium with BudR to complete the incubation period for 72hrs. 
Preliminary results showed that priming the cells for 24hrs. gave encouraging data, thus 
this procedure was applied on 7 goat blood samples. 
Results and Discussion    
Arresting of goat blood lymphocytes at mitoses was achieved by using colchicine (Sigma) 
at a concentration of 10 µg/ml however, increase of the concentration up to 20, 30 or 
40µg/ml showed a significant (P<0.01) reduction in the blastogeneseis and no mitoses 
could be observed in those cultures. These results might due to its inhibition for the 
microtubules formation [16]. 
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Further, it might be indicated that goat lymphoblasts or lymphocytes are very sensitive to 
colchicine. This drug is acting on the disassembly of microtubuline of spindle fiber, and 
resistance to colchicine as reported by other investigators, that it belong to amplification of 
protein with polypeptide p 22 that controlled by a gene located on chromosome number 4 
[17] . 
Thus colchicine resistant could be added as a biomarker for detection of genome integrity. 
Using 10µg/ml of colchicine in other set of experiment for determination of the mitotic 
activity of blood cells as a function of time resulted in an increase in the number of mitoses 
for most tested animals reach 2-5times at 3hrs. than that at 2hrs. without affecting the 
blastogenesis (Table 1).  

Table (1)*: Effect of colchicine treatment on goat blood lymphocyte division in vitro. 
Sample No. Incubation time 

(hr) 
Blastogenic index (%) Mitotic index (%) 

1 

 

24.0 2.0 

 

3 27.0 4.0 
2 

 

12.9 3.0 

 

3 12.2 8.0 
3 

 

8.8 1.0 

 

3 8.6 5.0 

 

Using 10µg/ml of clochicine (Sigma).   

The colchicine concentration (10µg/ml) and selective time of treatment 3hrs. From one 
source of colchicine was followed for next experiments. 
Cell Cycle duration:- 
For determination of goat blood cell cycling, blood samples from 3 animals were grown in 
complete RPMI- medium containing 20µg/ml of PHA,15µg/ml of BudR 10µg/ml heat-
inactivated fetal calf serum and antibiotics. Sampling of the cells was performed after (6, 
12, 24, 36, 48, 60, 72 and 96) hrs. 
Three hours treatment with colchicine was included with those times. As a function of 
incubation time, a blast-forming blood lymphocytes had started to appear with increased 
percentage after 12 hrs. of incubation up to 72 hrs. After which they showed a decline 
Fig.(1) .             
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            Goat Blood Cells                                                     Goat Blood Lymphocyte with 
a) Lymphocytes.  b) Lymphoblasts.  c) Mitotic cells                        60 Chromosomes 
                              B                                                                                      C 
                                        fig (1): Blastogenesis of goat blood lymphocytes  

First cells at mitotic phase were shown post 22-24 hrs. (i.e. 10 hrs. post blastogenic cells 
appearance). The ratio of mitotic cells was increased as a function of incubation time. 
Second metaphase cells were released during 36-48 after 60hrs. of incubation .While 3rd 
metaphase cells started to appear. Thus the duration of goat lymphocyte cycling in vitro is 
ranging as 24hrs. for the first cell cycling as first cultivation , although the 2nd and 3rd cell 
cycling time could be estimated to be 22-21hrs.Fig. (2-3).  However, cultural conditions 
such as type and concentration of PHA , colchicines , serum , medium , blood storage , 
labeling with BUdR techniques are playing crucial role (s) in the determination of cell 
cycling [18] , [19] [20] [16] . 
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Goat Blood Lymphocyte Priming 
In order to examine the influence of PHA priming on cellular growth performance BI, MI 
as well as cell cycle progressions were counted in cultures of whole blood (W?) and 
Leukocyte rich plasma (LRP) of the same blood samples with equal (approximately) 
inoculated number of cells. The results are presented in table (2).  

Table (2): Whole blood versus leukocyte rich plasma cultivation of goat lymphocytes in vitro.  

Seven samples from 7 animals were included in this experiment.  Five animals (71.5%) 
were exhibiting higher blastogenesis in LRP than in W? cultures, although, their cells had 
lower mitotic activity when they were primed. It is interesting to note that, the replcative 
activity of these LRP cells were significantly (P<0.01) higher than those in W? cells. These 
results may suggest that cellular components of erythrocytes in W? play an important role 
(s) for the proliferation of the lymphocytes such as cellular protein from RBC acting as 
stimulants for lymphocyte growth  [16] , [20]. 
It is also suggested that long duration of PHA treatment might lead to activate many 
biochemical events, including early membrane- related phenomena inverse synthesis of 
phospholipids, increased permeability to divalent cations, RNA DNA and protein synthesis 
[21].   
Lymphocytes were the major cell constituent of leukocyte rich plasma and the increasing of 
their priming by elongation of duration of PHA treatment from 3 to 24hr cause a cerement 
of their culture duration from 15 up to 45 days in vitro. When they were cultivated in 
presence of PHA, however, growing of the cells in PHA- deficient medium caused a 
reduction in their blastogenesis and mitotic activity (i.e. render them at G0-G1 phase. 
Similar observations were seen with human blood lymphocytes [22], suggested that PHA 
playing crucial roles for promoting lymphoblast cycling under these experimental 
conditions. 
Thus priming of blood lymphocytes could reach after 24hrs. treatment with PHA in whole 
blood at 37°c followed by cultivation as lymphoblasts in complete culture medium and re-
incubation for another 48h to complete 72h culture. These cells, however, were PHA 
dependent. i.e. presence of PHA was conditional for their continuous growth. Although, 

Sample Blasto Index Mitotic Index WB Cell Cycle Progression LRP 

No. WB LRP WB LRP M1 M2 M3 RI M1 M2 M3 RI 

1 21.75 30.2 2.5 1.01 60 32 8 1.48 40 30 30 1.90 

 

33.80 29.5 1.0 0.47 39 27 34 1.95 25 20 55 2.30 

3 15.30 23.0 0.80 0.55 64 24 12 1.44 20 30 50 2.30 

4 16.56 23.3 1.20 0.90 31 23 46 215 20 30 50 2.30 

5 26.10 37.7 1.26 0.99 58 22 20 1.62 14 72 14 200 

6 29.20 30.6 1.35 1.20 31 31 38 1.97 15 46 29 1.94 

7 25.00 36.3 1.55 0.78 31 37 32 2.01 33 35 32 1.89 
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withdrawal of PHA from the medium render the cells at G1 with no blastogenesis or 
mitotic activity which is being required at this phase for nuclear transfer techniques [23]. 
Cell Cycle Controls: 
There are two major factors are controlling the cell cycling in general. Intrinsic factors, 
which regulate cell movement from one phase into other such as cyclins and cyclin -
dependent kinase (CDKs) which they are directly involved in cell cycle regulation and 
must be periodically expressed at appropriate time [24]. Other factors are extrinsic 
regulators, either promoter such as PHA, or metaphase promoting factor [16],[18],[25] or 
blocked the cell cycling such as anticarcingenic  drugs antimetabolites: methotrexate 
(MTX) and 6-thiognanine (6TG) [26] . Tamoxifen as another anticancer antisteroidal drug 
blocks cell cycling between G2/M phases [15]. Those promoting or blocking agents should 
be present in the culture medium to express their activity  
Cell Cycle Controls: 
To investigate the sensitivity of measuring goat blood cell cycling in vitro , cell cycling 
promoting agents PHA , and blocking agents such as methotrexate , 6- thioguanine and 
tamoxifen were tested in vitro in 72 hrs.cultures initiated from 3-4 animals each (Table 3).  

                Table (3):  Sensitivity of goat blood cells to cell cycle Inhibitors. 
Concentration 
(µg/ml) 

Blastogenic index 
(%) 

Mitotic 
index (%) 

Number of resistant 
cells 1000 cells 

Methotrexate

    

1.          0   14.5 0.7 - 
0.5 12.0 0.6 6 
1.0 11.4 0.4 4 
5.0 17.8 0.5 5 
10.0 8.4 0.4 4 
20.0

 

1.0

 

0.0

 

0

 

2.         0 18.8 1.8 - 
0.5 6.3 1.3 13 
1.0 1.7 1.2 12 
5.0 1.2 0.0 0 
10.0 0.8 0.0 0 
3.

 

       0.0

 

21.0

 

3.0

 

-

 

0.5 12.0 0.0 0 
1.0 9.8 0.0 0 
5.0 10.0 0.0 0 
10.0 1.0 0.0 0 

 

6-

 

Thioguanine

    

1

 

       0.0 18.8 1.2 - 
1.0 14.2 0.0 0 
10.0 11.0 0.0 0 
20.0 6.3 0.0 0 
2 

 

       0.0 26.0 1.0 - 

1.0 25.0 0.0 0 
10.0 10.5 0.0 0 
20.0 12.0 0.0 0 
3

 

        0 21.0 0.3 - 
10.0 10.5 0.0 0 
20.0 5.2 0.0 0 
4

 

        0 18.4 0.3 - 
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10.0 10.0 0.0 0 
20.0 6.3 0.0 0 
Tamoxifen

    
1

 
       0.0 20.8 1.5 - 

0.5 33.3 0.8 8 
1.0 28.0 0.6 6 
5.0 20.3 0.5 5 
10.0 18.9 0.2 2 
2
. 

 

       0.0 30.5 1.0 - 

1.0 25.0 0.6 6 
5.0 19.0 0.3 3 
10.0 10.0 0.2 2 
Colchicine

    

10 24.0 0.2  
90 8.8 0.0  
30 3.3 0.0  
40 104   

 

1. Treatment with PHA: 
Goat blood lymphocytes priming and growing of leukocytes in rich plasma or in blood and 
long-duration growing of lymphoblasts were solely dependent on PHA presence, data 
presented in (Table 2) and preceding section. However, no cell could grow under such 
conditions in PHA -deficient medium. 
2. Treatment with 6-Thioguanine:  
It was necessary to determine the concentration of 6 TG that perturbs the cell cycle 
progression for controlling cycling of the cells and selecting of mutant cells. Different 
concentrations 1,10 and 20 µg/ml of  6 TG were tested in blood lymphocytes isolated  from 
4 animals .Significant reduction of blastogenesis in dose-dependent  pattern was observed 
,with complete    inhibition of cellular division  (Table 3 ). 6 TG is acting as anti 
metabolites against guanine in DNA- synthetics pathway .This activity is solely dependent 
on presence of hypoxanthine Guanine phosphoribosyl   transferase (HPRT) enzyme. Cells 
which were deficient in HPRT were resistant to 6TG [27]. Comparing to human 
lymphoblastiod cells [22] or blood lymphocytes [9] , goat blood cells were highly sensitive 
to 6 TG. Thus these cells have no mutational events at hprt locus. 
3. Treatment with Methotrexate (MTX): 
Three animals which were tested for 6 TG effects were included in this assay . MTX at 
concentration of 0.5,1,5,10, and 20 µg/ml were investigated . A concentration-dependent 
reduction in cellular blastogenesis and division was noticed. Blood cells from those three 
animals exhibit different response, some of them were resistant to MTX at concentration of 
1-10µg/ml. Those resistances were estimated from the presence of cells at metaphase at 
toxic level of MTX [28] which was 5-10×10-3 events/ generation /cell at 1.0 µg/ml (Table 
3) . [29] [30]. 
This resistance to MTX is usually associated with mutation at dihydrofolate reductase 
DHFR loci. As might be expected from its action in blocking DNA synthesis, MTX is 
active primarily against cells in the S-phase of the cell cycle  [31]. A mechanism of cell 
resistance to MTX might be resulted from poor ability into transport the drug into the cell 
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(Bertino et al 1985). Also, over production of DHFR enzyme is a marker of MTX-
resistance cells which resulted from a mutational events at this loci that altering its affinity 
to MTX  [32] ,[29]. 
4. Treatment with Tamoxifen (TAM):  
Different concentration of TAM (0.5, 1.0, 5.0 and 10.0 µg/ml) were tested in their activity 
to block cell cycling. The results were dedicated in Table 3. Two goats, one was resistant to 
MTX and the other was sensitive to MTX, but both of them were sensitive to 6TG. TAM 
treatments showed a significant reduction in both BI and MI in concentration-dependent 
patterns although; there were TAM-resistant cells at toxic concentration of 10µg/ml [15] 
with level of 2×10-3 events/ generation /cell. TAM as an anti-estrogen acts as anti 
transcription agent which influencing cellular protein production leading to blocking G2/M 
cell passing [33]. This resistance phenomenon might add another biomarker to be use for 
checking the genome integrity of somatic cells before initiation of nuclear transfer 
techniques. Conventional cell cycle analysis is still highly informative field [34] based on 
the analysis of chromosome differential staining from dividing cells by modifying the 
technique making it more accurate for cell analysis that help in the differential response of 
the cells to drugs.  
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