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Abstract 
Cell culture of neuronal tissues like spinal cord, auditory cortex, and frontal cortex all require 
special care. Neuronal tissue is dissected and later undergoes dissociation. After seeding onto 
plates or flasks, the trick is to keep them alive without exposure to too much stress and 
undoubtedly protecting them from contamination. Cultures must show signs of healthy neuronal 
cell growth and development. The overall cell health is compromised in the case of overgrowth 
of non-neuronal cells. Tissue that is obtained from a specific tissue type not only contains the 
neuronal cells that are desired, but it also contains desired adhesion growth factors; non-
neuronal, glial cells. When the tissue begins to develop, neurons as well as glial cells are seen on 
the plates or flasks. However, sometimes there is an overgrowth of glial cells, which effects the 
development of the neurons. Antimitotics are used on these neuronal cell cultures to prevent the 
overgrowth of non-neuronal cells. Throughout this paper I will attempt to take a look at the 
different kinds of antimitotics and their direct and indirect effects on the neuronal cell cultures. 
Actual data from experimentation is not available due to contamination experienced in the lab. 
However, I was able to do a thorough search on different antimitotics used and the most 
frequently used ones. The concerns in using antimitotics are: toxicity, when to apply it, and the 
concentration to apply. The most frequently used antimitotics that exhibited a noticeable effect 
on the neuronal cultures are Cytosine Arabinoside and Fluordeoxyuridine [3]. Cytosine 
Arabinoside has been used more frequently than any other antimitotic, generally for periods of 
time up to a week and at concentrations of 10|0,M. In all cases there is an inverse relationship 
between the survival of neurons and proliferation of non-neuronal cells. Results suggested that 
antimitotics enhance neuronal survival by reducing the number of non-neuronal cells. Also it 
appears that proliferating non-neuronal cells are responsible for neuronal cell death by a medium 
factor and not by contact with the dividing non-neuronal cells. 

Introduction 

The neuronal cells in dispersed cell cultures of nervous tissue develop globular soma, send out 

neurites, and develop synaptic contacts [2,5]. In addition to this morphological differentiation, 

non-neuronal cells are also present in these dispersed cell cultures and appear to undergo mitosis 

for the life of the culture. Antimitotic drugs have been used in dispersed cell cultures to control 

the growth of these non-neuronal cells. Reports indicate that DNA-damaging treatments 

including certain anticancer therapeutics cause the death of postmitotic nerve cells both in vitro 

and vivo [20]. It is important to understand the signaling events that control this process. It has 

been recently hypothesized that certain cell cycle molecules may play an important role in 

neuronal death signaling evoked by DNA damage. A lot of anticancer therapeutics activate 



death processes by creating DNA damage in a manner that is frequently dependent on the cell's 

proliferative capacity [9]. Several reports indicate that DNA-damaging agents also activate 

death programs in terminally differentiated postmitotic neurons [19]. Examples include 

irradiation and the S phase inhibitor cytosine arabinoside (Ara-C) [19]. It is important to 

understand how antimitotics cause neuronal death. Evidence suggests that cell death by 

antimitotic agents is subsequent formation of DNA strand breaks [20]. Cell cycle components 

play a role in apoptotic signaling of proliferating cells induced to die by DNA damage. 

Observations that postmitotic neurons, like proliferating cells, are vulnerable to chain 

terminators, like Ara-C, lead to the suggestion that such agents evoke neuronal death by causing 

DNA damage. The hypothesis was raised that DNA damage may, by some means, activate 

elements of the cell cycle machinery in neurons that would participate in activation of an 

apoptotic pathway [18]. The death of sympathetic neurons exposed t6 Ara-C can be inhibited 

[20], 

It is shown within the literature that suggested treatment with antimitotics enhance neuronal 

survival by reducing the number of non-neuronal cells [3]. In addition it appears that 

proliferating non-neuronal cells are responsible for neuronal cell death by a specific factor and 

not by contact with the actual proliferation of the non-neuronal cells. 

In order for an antimitotic to be useful it must have two characteristics. First, the drug must stop 

proliferation of the non-neuronal cells, and second, the drugs must not be toxic to the neuron. 

Neurons seem to have a love-hate relationship with non-neuronal cells. Neurons and their 

neurites seem to grow preferentially on non-neuronal cells when cultured. These neurites appear 

to derive some positive influences from the non-neuronal cells even if it is just strong attachment 



to the substrate. However, if non-neuronal cells are allowed to grow in an unrestricted manner, 

they may be responsible for the specific factor, which has a negative influence on the neurons 

[3]. This factor is not specifically mentioned in (Burry, Richard W., 1983). The non-neuronal 

population in these cultures is a heterogeneous group of cells made up of mostly cells with some 

endothelial cells, white blood cells, and possibly some meningeal cells. In addition are some 

more specific cells, like: glial cells, astrocytes, Schwann cells, oligodendrocytes, and microglial 

cells. The use of an antimitotic may not affect portions of all these types of cells, but might act 

selectively on one type because it divides most rapidly. 

Antimitotic drugs can enhance neuronal survival in cell cultures when they are applied at the 

correct time, for the proper length of time and at the right concentration. To understand the 

success of the various drugs, the mode of action of each drug must be considered. The prime 

effect of the drugs is inhibition of cell division. The sites of action can be in the synthesis of the 

nucleotide, the replication of the DNA, or the transcription of the DNA in the daughter cell [3]. 

Prior to cell division, the cell will duplicate its genome by synthesis of DNA. Thymidine, which 

is a nucleotide used in production of DNA, is an essential part of the process. Sources of 

thymidine for cells include the de novo synthesis and the salvage pathway. The de novo 

pathway, forms thymidine from other metabolic compounds in the cell, while the salvage 

pathway uses thymidine present in the culture medium [3]. Fluordeoxyuridine (FdU), for 

example, is an inhibitor of thymidine synthetase, the enzyme in the de novo pathway [3]. For 

FdU to have an effect, the culture medium must not have any thymidine or cells may use the 

alternate salvage pathways as a source of DNA. Aminopterin and FdU are used in the culture 



medium without thymidine when preparing the mixture to be applied to cultures [3]. So, both 

FdU and aminopterin act at the level of nucleotide synthesis. 

Another effect of antimitotics, besides inhibition of non-neuronal cellular growth, is 

intraneuronal distribution of lysosomes. Results suggest that lysosome redistribution may be 

dependent upon a relatively slow dissociation rate constant of these antimitotic drugs from 

tubulin. Thus, transport of the antimitotic may occur when normal microtubule function is 

compromised [22]. 

The most rigorous glial cell reduction is obtained by pretreating cultures before Ara-C treatment 

(on day 2) with epidermal growth factor (EGF) 5ng/ml [21]. The decrease in glia-specific 

enzyme activities and protein levels, results in neuron-enriched cultures containing <5% of glial 

cells. In some cases, aggregates (of both mixed cells and neuron-enriched cultures) were 

maintained for various intervals in medium containing a depolarizing K+ concentration. The 

results are impaired maturation of the neuronal cytoskeleton in cultures devoid of glial cells and 

decreased levels of medium neurofilaments (M-NF), low neurofilaments (L-NF) and microtubule 

associated proteins (MAP). These findings suggest that the presence of glial cells is critical for 

the developmental expression and stabilization of neuronal cytoskeleton and that depolarizing 

concentrations of KC1 can enhance these processes. The elimination of glial cells from fetal 

brain cell aggregates by Ara-C treatment was found to be even more complete in cultures pre-

treated on day 2 with EGF (5ng/ml), owing to the adjustment of glial cell proliferation. These 

cultures were deprived of all oligodendrocytes and of >95% of the astrocytes normally present in 

mixed-cell cultures [21]. The shortage present in neuron-enriched cultures could be reversed by 



the chronic treatment with high potassium levels starting at culture day 9. EGF treatment alone 

has no apparent influence on the developmental expression of the neuronal cytoskeleton [21]. 

Treatment of early brain cell aggregate cultures with Ara-C eliminates a large proportion of glial 

cells. It is indicated by the reduction of the total DNA content, glutamine synthetase activity, 

cyclic nucleotide 2', 3'-phosphohydrolase activity, and glial fibrillary acidic protein (GFAP) 

content, <5% of the usual glial cell population persists in these so-called neuron-enriched 

cultures. Immunocytochemical studies showed that the few remaining astrocytes exhibit long 

and thick processes that stained intensely for GFAP. The reduction of the glial cell population 

does not seem to affect the neuronal viability. Instead, it impaired neuronal maturation. This is 

suggested by the reduced levels of cytoskeletal components such as H-NF, M-NF, brain spectrin, 

and MAP. The immunocytochemical investigations revealed a significant deficit in neuronal 

connectivity. The cytoskeleton on neuron-enriched cultures appeared more variable as judged 

from the presence of a degradation product of brain spectrin [21]. 

In conclusion these results suggest that telencephalon neurons require a growth modulator 

provided by glial cells. This is in agreement with a growing body of evidence that suggests that 

the formation and stabilization of axonal and dendritic process in the developing brain are under 

the control of glial cell deprived positive and negative growth modulators. The nature of these 

factors, in particular of those conveying a positive glial signal to differentiating neurons remains 

to be interpreted [21]. 



Antimitotics 

Neocarzinostatin (NCS) 

Neocazinostatin is an antineoplastic antibiotic, which consists of a protein noncovalently linked 

to a chromophore [23]. It has been shown to be an effective antimitotic agent in a number of 

systems. It is a chemotherapeutic agent that results in either apoptosis or in morphological 

differentiation of cells to a Schwann cell-like phenotype. Which of these effects occurs, is an 

intrinsic property of the cell, rather than a result of the action of NCS and its chemical relatives. 

N- or neural-type neuroblastoma cells uniformly undergo apoptosis, while S- or substrate 

adherent-type cells undergo Schwann cell-like differentiation [11]. NCS is a member of the 

enediyne class of anticancer drugs. Enediynes are both DNA strand-cleaving and antimitotic 

agents. It is difficult to determine which of these two events is the closer trigger for apoptosis 

and/ or differentiation [24]. The action of enediynes is irreversible, therefore it is impossible to 

define a critical time within which the inevitable death pathway is enacted. Reports using non-

neuronal cell lines have suggested that G2-M arrest is induced by continuous exposure to 

microtubule-active agents, or brief cycle delay, or induced by pulsed exposure to anodynes. 

However, it is has been suggested that whether a cell undergoes apoptosis or differentiation in 

response to DNA strand-breaking, antimitotic agents are an intrinsic property of the cell, rather 

than a function of the proximate mechanism of action of the agent [11]. 

NCS has been shown to have a direct effect upon DNA. It inhibits DNA synthesis, by inducing 

single strand breaks in DNA almost exclusively at thymidylate and adenylate residues in vitro 

and by producing alkali-labile, abasic sites at cytidylate residues at AGC sequences in double 

stranded oligonucleotides. Its mechanism of action may involve at least three processes: 



oxidation of deoxyribose to a 5'-aldehyde, release of free thymine from DNA with a phosphate 

bridging the gap, and removal of a hydrogen at the C-l ' position [23]. 

The antimitotic action of NCS on neuroblastoma cells in culture induces morphological changes. 

In experiments involving the antimitotic and morphological effects of neocazinostatin, cells were 

considered to be morphologically differentiated if they fulfilled all of the following criteria: 1) 

extension of more than two cellular processes; 2) enlargement of the cell body by at least a factor 

of 2 over control cells (i.e., largest diameter of cell greater than50 |xm) [23], Neuroblastoma 

cells exposed to NCS assumed the morphology of mature ganglion cells by day 3 in culture. As 

shown in figure 1 (appendix 1), the cells developed many processes, and the somata became 

larger. The morphologic change was stable for the remainder of the lifetime of the cell, despite 

changing the medium every 4 days. No evidence for deterioration to the neuroblastoid 

phenotype or additional conversion to the mature phenotype was seen after day 3. The presence 

or absence of serum during incubation with NCS did not alter the effects of the drug upon cell 

morphology (data not shown for this in the article used). The relationship of the fraction of the 

cells in culture that undergo morphological change to the dose of NCS is shown in figure 2 

(appendix 1). The change itself is an all or none phenomenon, and increasing the dose of NCS 

increases the likelihood that a given cell will change. A dose of 0.5 |ig/ml induces 

morphological change in virtually all of the cells in the culture [23]. Cells treated with NCS on 

day 0 and maintained in culture after their morphological maturation (medium changed to fresh 

medium every 4 days) die by day 14. Control cells maintained in this manner remain viable 

virtually indefinitely. This implies that the morphological maturation is accompanied by some 

degree of physiological maturation and senescence. NCS covalently modifies DNA, and one-



hour exposure to this antimitotic on day 0 induces visible morphological change in the cells on 

day 3. None of the substances that induce morphological change in neuroblastoma cells have 

been demonstrated to exert such a direct chemical effect upon DNA as neocarzinostatin [23]. 

Effectiveness however, depends upon its continued presence in the culture medium. 

Neocarzinostatin (0.1 |Xg/ml) decreased the growth rate of neuroblastoma cultures. The doubling 

time for control cultures in the experiment shown was 1.2 days, whereas the doubling time for 

cells treated with 0.1 |Xg/ml of NCS was 1.7 days. In three experiments, treatment with 0.1 

|Xg/ml of NCS lengthened the doubling time by 37, 43, and 50% respectively. In cultures treated 

with 0.5 |Xg/ml, there was no change in cell number after the 1st day in culture [23]. 

In conclusion, NCS can induce morphological differentiation and mitotic arrest of both murine 

and human neuroblastoma cell lines. It is impossible to determine from the studies performed 

with NCS what the relationship is between these two events. If it is assumed that they are 

causally related to one another, it is not possible to determine which of the two events is primary. 

Even though we do know that differentiated neurons do not divide, it is not known whether 

mitotic arrest in neural crest tissues obligates differentiation to the neuronal phenotype [23]. 

Vinblastine 

Vinblastine is a microtubule disrupter, on N-type and S-type neuroblastoma cells in culture, 

unlike enediynes, vinblastine is an antimitotic agent without effect on DNA. Brief treatment 

with vinblastine is followed by recovery of microtubule structure and function [24]. Exposure of 

N-type cells to the antimicrotubule antimitotic, vinblastine for 15 minutes is sufficient to induce 

10 



apoptosis in a concentration-dependent fraction of the cells. After evaluating, by a light 

microscopy, more than half of the cells treated with 0.5 (Xg/ml vinblastine for 15 minutes 

appeared smaller and non-adherent to the culture surface by 48 hours after treatment. 

Fluorescent staining at 48 hours after treatment revealed the nuclear and cytoplasmic changes 

associated with apoptosis in between 10 and 20 % of these cells. The effects of vinblastine were 

complete by 15 minutes of treatment [24]. Treatment for longer periods of time did not alter the 

percentage of cells that died by day 6 after treatment with each concentration of vinblastine. 

Exposure of S-type cells to vinblastine for 15 minutes was sufficient to induce morphological 

differentiation maximal by day 6 after treatment of the cells. Treatment for longer periods of 

time or with higher concentrations of vinblastine resulted in irreversible loss of adherence and 

rounding up of the cells never accompanied by the nuclear changes associated with apoptosis 

(the data for this was not presented in the article) [24]. This was most linked to cytoskeletal 

disruption sufficient to prevent the cellular shape change that accompanies morphological 

differentiation. These studies demonstrate the role of mitotic arrest rather than DNA cleavage, in 

the chemotherapeutic agent induced apoptosis. Fifteen-minute exposure to vinblastine is 

sufficient and protein synthesis is necessary to commit both cell types to their subsequent 

response. This led to the hypothesis that changes in immediate early gene expression are 

responsible for the response to antimitotic agents [24]. 

Cytosine Arabinoside (Ara-C) and Fluorodeoxyuridine (FdU) 

The two most frequently used antimitotics are cytosine arabinoside and fluorodeoxyuridine. 

Cytosine arabinoside is a potent antimitotic agent, which is used clinically as an anticancer drug 

with the side effect of severe toxicity. Cytosine Arabinoside (AraC), is a deoxycytidine analog, a 
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potent antimitotic agent [10]. It is clinically used as an anti-cancer drug especially in leukemia 

patients. Ara-c inhibits the enzyme polymerase, which makes the duplicate copy of the genome. 

This drug action is after thymidine synthesis and has its action near the end of preparation for 

cell division [3], Treatment with different doses of AraC, for 24 hours (6-7 DIV-days in vitro) 

produced at 13 DIV cortical neuronal cultures with varying numbers of astrocytes, as determined 

by the astrocyte-specific enzyme glutamine synthetase. In contrast to nerve cells, the astrocytes 

actively proliferate in serum-containing medium. These multiplying glial cells can be removed 

in varying proportions by treatment with different doses of AraC [6,10,17]. Moreover, 

glutamate synthetase (GS) enzyme is mainly concentrated in astrocytes, and during development 

a close correlation is observed between the number of astrocytes and the activity of GS. The GS 

concentration was found to be inversely correlated with the AraC concentration. Statistical 

analysis of the results in the study, showed that treatment with AraC produced dose-dependent 

significant reduction in GS activity and increase in the activity of released lactate dehydrogenase 

(LDH) after exposure to the above mentioned concentration of glutamate [10]. (Figure 1, 

appendix 2) 

Reports suggest that Ara-C blocks the signaling pathway of nerve growth factor in sympathetic 

neurons, which result in neuronal death [4]. 

FdU, is an inhibitor of thymidine synthetase, the enzyme in the de novo pathway. Thus 

inhibiting DNA production. In order for FdU to have an effect, the culture medium must not 

have any thymidine, or cells use the alternate pathways as a source of DNA. FdU works at the 

level of nucleotide synthesis. FdU has neurtoxic effects on neurons, when used at high 

concentrations. The suggested FdU concentration is 10|iM. 

12 



Cells observed under phase contrast optics, reveal a large decrease in the number of non-

neuronal cells following the AraC and FdU treatment. In order to determine whether the 

astrocytes were being eliminated under these conditions, specific immunoreactivity (GFAP) was 

examined. Both AraC and FdU virtually eliminated the astrocytes in those cultures [12]. Under 

conditions of antimitotic treatment, with Ara-C and FdU, there was a virtual elimination of the 

non-neuronal cells [12]. High doses of Ara-C (2.5 and 20 |J,M) are required to decrease non-

neuronal cells in the spinal cord, and 2.5 |ig/ml FdU are required to decrease non-neuronal cells 

[12]. Other sources suggest concentrations for Ara-C usually ranging around, 20 |Xg/ml for 24 

hours to inhibit the proliferation of non-neuronal cells [1,3,4]. Ara-C induces apoptosis in 

cultured cerebellar granule neurons at high doses (~100jaM). Although the molecular 

mechanism is not understood, it is suggested that Ara-C induces neuronal apoptosis by blocking 

a deoxycytidine-dependent step in the NGF signaling pathway or by inducing DNA damage [7]. 

Cerebellar granule neurons were sensitive to the neurotoxin, Ara-C, with prolonged exposure to 

high concentrations of the antimitotic. (Figure 2 appendix 2) In this condition of prolonged 

exposure to high concentrations of the antimitotic, the neurites of damaged neurons were 

shattered and there was massive damage to somata (data not shown in article). More than 50% 

of the cells showed nuclear condensation and fragmentation after 36 hours in culture, indicating 

that they undergo apoptotic cell death [4, 7,17] This suggests that a small percentage of cells 

treated with Ara-C die in a manner similar to programmed cell death (concentration ~100p,M). 

Ara-C treatment leads to a dose- and time- dependent cell death in some neuronal cells. A 

possible explanation for Ara-C-induced toxicity is that some neuronal cells still retain their 

mitotic characteristics. It was suggested that Ara-C could cause double-strand breaks on DNA 

molecules in sympathetic neurons and lead to neuronal death [4]. 

13 



In conclusion, treatment with AraC results in irregular refractile debris, but it shows some 

reduction at 56 DIV. However, it can be applied for 3-5 days to obtain good neuronal survival. 

In cultures treated with AraC, non-neuronal cell proliferation was stopped to a greater extent 

than with BdU, but more cellular debris remained in Ara-C-treated neuronal aggregates than was 

seen with BdU [Further explanation of differentiation in following paragraphs] (Figure 3 and 4, 

appendix2) [3]. 

Fluorodeoxyuridine at 10 |xM allowed some neuronal survival and retarded non-neuronal 

growth. Cultures treated with FdU were never as healthy in appearance as those treated with 

BdU or Ara-C [3]. FdU at 10 |xM significantly decreased thymidine incorporation in EGF-

treated cultures from day 2 onwards [14]. FdU inhibits thymidylate synthetase and at 10 

inhibits DNA synthesis >95% after 3 hours [17]. 

Bromodeoxyuridine (BdU) 

Bromodeoxyuridine is active after mitosis. It is incorporated into DNA via the salvage pathway 

and does not stop any process of cell division. BdU exerts its effect when the daughter cells 

attempt to read the DNA with the replaced nucleotide. The daughter cells are able, generally, to 

form sufficient RNA to function but rarely divide [3]. In cultures of the rat cerebellum 

unpublished results have shown that Ara-C used for 3 days has no toxic effects on neurons while 

BdU (at the same concentration) killed most of the neurons, due to its extreme neurotoxicity on 

the neurons. Ara-C acts late in the cell replication cycle, which may account for its lack of effect 

on neurons. In fact, BdU action occurs on the daughter cells and not at the time of mitosis. 

14 



Most of the other drug treatments stopped, to some degree, the non-neuronal cell division, but 

the lack of neuronal survival with most of the drugs appeared to be due to the effect of the drug 

directly on the neuron. So far the only antimitotic that does not harm the neurons is Ara-C. 

Thus in selecting an antimitotic drug for cultures of the nervous system, the two factors 

discussed earlier in this report must be considered (ability to stop non-neuronal cell proliferation 

and lack of toxic effect of drug on neuron). While some thymidine in the culture medium will not 

effect BdU incorporation into DNA, high levels of thymidine will inhibit BdU 

Methylazoxymethanol (MAM) 

Methylazoxymethanol is a drug, which produces cell death of cerebellar granule cell precursor. 

MAM is a cytotoxic agent that kills proliferating cells by methylating the 7-position of guanine 

in nucleic acids. It does not induce apoptosis in Bergmann glial cells, which are in a 

proliferative stage. Immunochemistry revealed a reinforcement of the'Bergmann glial palisade 

with overexpression of both, proteins and thicker immunoreactive glial processes in MAM-

treated rats [16]. Furthermore, phagosomes containing apoptotic bodies were found in 

Bergmann fibers of MAM treated rats. This indicates that the cell death of granule cell 

precursors triggers a reactive response in immature Bergmann glia. Studies have reported that a 

single injection of MAM on postnatal day 5 produces an extensive cell death of granule cell 

precursors in the external granular layer (EGL), although the cytoarchitecture of the cortical 

layers is well preserved. It has also been demonstrated that the ultrastructure and cytochemical 

features of dying cells as well as their ladder pattern of DNA fragmentation on gel 

electrophoresis are of the apoptotic type [16]. 
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The proliferative behavior of Bergmann glial cells is not affected by MAM treatment. These 

cells exhibit a reactive response oriented to the protection of healthy neuronal precursor [16]. 

There is also an invasion of amoeboid microglial cells into the EGL that actively contributed to 

the phagocytic removal of dying cells [16]. The difference between granule cell precursors and 

Bergmann glia cells in their susceptibility to the cytototoxic effect of MAM might be related to 

differences in the duration of the cell-cycle and the efficiency of DNA repair. Since the highest 

vulnerability of DNA to methylating effect of MAM treatment occurs during the period of DNA 

synthesis [13], the progressive accumulation of DNA alterations in successive rounds of the cell 

cycle might simply be incompatible with the complex regulation of gene expression in granule 

cell precursors, leading to apoptosis. Therefore the relationship between DNA damage and the 

induction of apoptosis has been established in many cellular systems [16]. The resistance of 

Bergmann glia to apoptosis induction after MAM treatment may also depend on the efficiency of 

DNA repair in this glial type. There has not been very much research on MAM, so the data 

obtained is limited. 

Mimosine and Deferoxamine 

The amino acid, mimosine can be employed to efficiently synchronize human cell culture cells at 

a discrete point in the late G1 phase of the cell cycle. It also chelates copper and iron. It 

reversibly inhibits the metallo-enzyme deoxyhypusyl hydrolase, thus preventing the formation of 

hypusine, an essential component of the eukaryotic initiation factor [17]. It is suggested that 

mimosine is a DNA inhibitor. Mimosine, arrests cells from various organisms and states of 

development rather differently and the main execution point of mimosine in the cell division 

cycle of humans is controversial. Analysis of replication forks in these arrested cells suggests 
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that DNA replication is inhibited at the level of initiation at individual replicons rather than 

during elongation in general [8, 15]. Lower concentrations fail to block entry into S phase and 

result in cell populations containing active DNA replication foci. Therefore, careful selection of 

cell type and dose and time of mimosine treatment may allow future analysis of molecular events 

of the initiation of DNA replication [8, 15]. 

Mimosine blocks cells before the Gl/S transition point via a mechanism that is still 

undetermined. This drug blocks thymidine incorporation completely in dividing cells within 4 

hours at concentrations of 300-400 |xM. Mimosine prevented the death of serum-deprived cells 

in a concentration dependent manner and was maximally effective at 400 |xM. Comparison 

reveals a close correlation between the concentration of mimosine required to inhibit DNA 

synthesis and the concentration required to prevent the death of serum-deprived cells. Survival 

of neuronal cells, up to 3 days was excellent (>85%); however, mimosine was unable to promote 

full survival beyond this time. This seemed to be attributable to toxicity, because even when 

NGF was present in combination with mimosine there was a comparable loss of neuronal cell 

viability [8]. Mimosine does not promote survival by inhibiting protein synthesis [8]. 

Deferoxamine is thought to block cellular proliferation before the Gl/S transition by chelating 

intracellular iron. Deferoxamine inhibits DNA synthesis in proliferating cells in a concentration-

dependent manner [8]. Treatment with ImM deferoxamine completely blocked thymidine 

incorporation after 4 hours. As with mimosine there is a concentration dependent increase in the 

survival of serum-deprived neuronal cells that reaches the maximum at 1 mM deferoxamine, the 

concentration at which DNA synthesis is completely abolished [8]. Deferoxamine treatment 

17 



produces good short-term survival in this model compared with survival in untreated cultures. 

After long-term exposure, however, deferoxamine, like mimosine, proves toxic to the cells 

(including neuronal cells) because of viability cannot be maintained even when NGF is provided 

in combination. Observations with neuronal cells indicate that mimosine and deferoxamine 

prevent the death of cells that are nonmitotic at the time of NGF withdrawal [8]. 

Methotrexate (MTX) and Aminopterin 

Neurons in high concentrations of methotrexate do not survive. Concentrations used are similar 

to those of FdU. At concentrations of 10 |xM MTX and greater, very few neurons are seen at 14 

DIV while at 10 |0,M more neurons were present. By 49 DIV with either concentration, it was 

difficult to find more than 10 neurons in any culture treated with MTX. MTX appeared to be 

toxic to olfactory bulb and to be of little value in stopping non-neuronal cell division [3]. 

Methotrexate arrests at the Gl/S transition point, but it does not go to complete inhibition [15]. 

Therefore, from what little data we have, methotrexate is not an effective antimitotic. 

Aminopterin is an antimitotic that is similar to MTX. It works in the de novo pathway by 

inhibiting an enzyme that produces folates, which are used in thymidine synthesis [3]. Not much 

data is available on aminopterin. Aminopterin acts at the level of nucleotide synthesis [3]. 

High Thymidine 

High levels of thymidine (2 mM) stop cell division by blocking cells in S-phase. Cells blocked 

in a long enough time will die, but cells blocked for a short time, continue to divide [3, 15]. (See 

figure 5 appendix 3) 
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High thymidine somewhat limited the proliferation of non-neuronal cells, but appeared to be 

toxic to the olfactory bulb neurons [3]. In cultures treated with high thymidine, no neuronal 

aggregates were seen in the cultures. The non-neuronal cells did show signs of proliferation, 

however, the number of non-neuronal cells were reduced as compared to controls at 14 DIV. 

Hydroxurea 

The hydroxyurea inhibits the ribonuclease reductase that converts ribonucleotides to 

deoxyribonucleotides. Therefore, hydroxyurea acts at the level of thymidine synthesis [3]. 

Hydroxyurea is among the commonly used inhibitors of DNA replication, which block 

elongation steps of DNA replication, but allow initiation steps to occur and therefore arrest cells 

in S phase [8, 15]. Hydroxyurea (blocks ribonucleotide reductase) and at 3mM it inhibits DNA 

synthesis >95% after 3 hours [8]. 

Figure 5g-I shows neuronal cultures treated for 5 days (from 2 to 7 DIV) with hydroxyurea and 

figures 5d-f show control cultures treated with no drugs. Distinct differences were seen in the 

cultures treated for 5 days with hydroxyurea. At 7 DIV (fig.5d) large aggregates of neuronal 

cells contained refractile material and few neurites were seen on the substrate. The fact that 

these neurons were dying can be confirmed by examining cultures at 14 and 28 DIV (Figures 5e 

and f) in which neurons can be found only infrequently. Also seen at all ages from 7 DIV was 

the large reduction in the number of non-neuronal cells over control cultures (Fig.5g-I). 

Hydroxurea appeared to stop non-neuronal cell proliferation to a marked degree, but the drug 

was also highly toxic to olfactory bulb neurons [3]. 
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Thymidine surplus, FdU and methotrexate produce better defined cell populations than 

hydroxyurea. The high percentage of cells showing specific replication patterns after 

hydroxyurea treatment is surprising since hydroxyurea is known to be a very effective inhibitor 

of DNA synthesis [26]. 

Aphidicolin 

Aphidicolin is a commonly used inhibitor of DNA replication. It blocks elongation steps of DNA 

replication, but allows initiation steps to occur and therefore arrest cells in S phase [8, 15]. 

Aphidicolin inhibits DNA polymerase-a. 

To minimize proliferation of non-neuronal cells and thoroughly eliminate the contamination of 

non-neuronal cells, neurons were treated with a concentration of 10 |oM aphidicolin from 2 DIV 

[8, 25]. 

Other antimitotics 

Nocodazole and taxol agents inhibit and stabilize polymerization of microtubules, respectively, 

and block cells in mitosis. Each of these agents blocks DNA synthesis, but in contrast to 

aphidicolin, the M-phase inhibitors require 2 days of pretreatment before causing complete 

inhibition of thymidine incorporation [8]. 

Discussion 

This investigation covered a broad range of antimitotics. A brief description of each along with 

the results of exposure to neurons revealed the most effective antimitotic. The most effective 

antimitotic is characterized by having two traits: 1) ability to eliminate the proliferation of non-
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neuronal cells in the neuronal cell cultures 2) lack of toxic effect on the surviving non-neuronal 

cells as well as on all types of neuronal cells. By investigating the different effects of the array 

of antimitotics available, it is possible to conclude which of the antimitiotics would be the most 

effective antimitotic and the most reliable. Another important factor in deciding which 

antimitotic to use was the toxicity of the drug. However, the most effective drug does not 

necessarily mean it is has no toxic effect. Undoubtedly, all the antimitotics have a toxic effect, 

but the one with the least toxicity is the one that will be of great importance in the lab. It is also 

important to choose the correct concentration of the drug as well as the duration in which the 

drug is exposed to the culture, so as to avoid over exposure and possible apoptois. Low 

concentrations that are not toxic do not control proliferation of non-neuronal cells. Applying the 

drug too early in the culture life may result in death as well. All these factors must be taken into 

account before attempting to treat the cultures. Another factor to "be aware of is the use of the 

proper concentration for each tissue type [3]. 

Cytosine arabinoside (Ara-C) is the antimitotic that seems to have the least detrimental effect on 

the neuronal cultures. The concentration of Ara-C used, ranges from 7 -20 jaM for 24 hours 

(between 6 to 7 days after plating the neuronal tissue), with optimal usage at 7 |O.M. 
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M. Neuroblastoma cells photographed on day 3 of culture. A. contrc 
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Fig. 2. Dose-response relationship of neocarzinostatin induction of mor-
phological differentiation of C1300 cells in culture. The percentage of the 
cells exhibiting somatic enlargement and multiple neurite extension was 
determined by light microscopic examination on day 3 of culture. The 
error bars represent the S.E.M. for three such determinations. 
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Fig. 1. The effect of Ara C on the survival of cultured cerebellar gran-
ule neurons. Cerebellar granule neurons were isolated from p53~'~ ( • ) , 
p53*'~ (A), and p53+/* (O) mice, and cultured for indicated times 
treated with or without 100/jM Ara C. Cell survival was assayed by 
MTT assay as described in the text. The survival ratio was normalized 
to untreated control samples cultured in high K* MEM for the indicated 
periods from the same genotypic animals. Values represent means ± SD 
(n = 8-10). 
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Fig. 3. Phase micrographs of cultures of rat olfactory bulb treated with 10~s M BUdR. Cultures seen in column a-c were ti 
5 days (2-7 DIV), those in column f - j were treated for 4 days (3-7 DIV) and those in column k-o were treated for 2 days (5-7 
Cultures in the row a, f and k were examined on 14 DIV, in row b, g and 1 were examined on 21 DIV in row c, h and 
examined on 35 DIV, in row d, i and n were examined on 56 DIV and row e, j and o were examined on 91 DIV. 65 x ; bar, 
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Fig. 4. Olfactory bulb cultures seen with phase optics and treated with 8 X 10 9 M Ara-C. Cultures in column a~e were 1 
days (2-7 DIV), in column f - j were treated for 3 days (4-7 DIV) and in column k o were treated for 2 days (5-7 DIV). 
row a-k were examined on 14 DIV, in row b, g and I were examined on 21 DIV, in row c, h and m were examined on 351 
d, i and n were examined on 56 DIV, and in row e, j and o were examined on 91 DIV. The arrowheads indicate cell' 
65 x ; bar, 100 /tm. 
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Fig. 5. Cultures of olfactory bulb incubated under different conditions. Micrographs of cultures in column a, b and c w-
with 2 mM thymidine for 5 days (2-7 DIV), in column d, e and f were incubated with 1 mM hydroxyurea for 5 days, in c 
and i were incubated with nn drugs. Cultures in row a, d and g were examined at 7 D1V, in row B!"e an3 ft were examined 
and in rowcrTarfd i were examined on 28 DIV. 65 x : bar 100 »m 
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