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ABSTRACT: The comparative leaf epidermal studies on Solanum macrocarpon and Solanum nigrum 
showed that the upper and the lower epidermal cell wall of S. nigrum varied in shape from pentagonal, 
rectangular to hexagonal while the upper and the lower epidermal cell wall of S. macrocarpon are irregular 
in shape. Although both taxa are amphistomatic but stomata are more abundant at the lower leaf surfaces 
than the upper leaf surfaces. Both stomata are anomocytic with stomatal index ranging from 5.70%-33.02% 
in S. nigrum and 10.14%-32.35% in S. macrocarpon. These observations are important especially as they 
help to establish interspecie relationships among the two investigated taxa and hence suggest reasons for 
the two taxa to be in the same genus. [Nature and Science. 2007;5(3):1-4]. 
 
Keywords: Comparative, Leaf, epidermal studies, Solanum, species, Solanaceae  
 
INTORDUCTION: 

The genus Solanum belongs to the family Solanaceae. Members of this family are mostly herbs and 
twinners with about 70 genera and 2,000 specis (Willis, 1985). Some workers recorded about 85 genera and 
2,200 species (Ahmed, 1964, Patel 1969). Solanaceae is represented in West Africa by 53 species contained 
in 8 genera (Hutchinson and Dalziel 1963). S. macrocarpon and S. nigrum are edible. They serve as foliage 
for feeding livestock but excess intake of Solanum plants especially those with bitter taste may lead to fruit 
toxicity and spinal bifida i.e. non joining of spinal bones due to ingestion of two much solanine. (Schippers, 
2001). 

From available literatures, the use of leaf epidermal features in systematic botany is now popular just 
like the use of other makers like DNA sequence and chemical compositions (Edeoga and Ikem, 2001; 
Mbagwu and Edeoga, 2006). Epidermal structures and stomatal ontogeny of some Nigerian ferns have been 
found relevant in their recognition (Gill and Karatela, 1985). Olowokwudejo (1990) compared the 
morphology of the leaf epidermis in Annona and suggested the utilization of this character in the 
identification of the species. Edeoga, 1991; Edeoga and Osawe, 1996; Mbagwu and Edeoga, 2006 
constantly reaffirmed the point that epidermal and cuticular traits of plants could serve as vital tools 
exploitable in the systematics of the present day angiosperms. Also, different shapes of epidermal cells, 
type and arrangement of stomata, size and shape of trichomes and number of vascular bundles are all vital 
in systematic botany (Nwachukwu and Mbagwu, 2006). Perhaps the most extensive investigated family 
where anatomical features provided very useful taxonomic characters was the Gramineae and several 
authors have constructed keys for the identification of some taxa within the family based only on leaf 
epidermal characters (Davis, 1959). Edeoga and Osawe (1996) used the leaf epidermal morphology of 
some members of Costus, Senna and Boerhavia species to establish possible relationships among the 
different species they investigated. 

Although the biological significance and implications of leaf anatomical characters have been 
highlighted in different plant families, there  is no specific leaf anatomical documentation on S. 
macrocarpum and  S . nigrum hence the need for this research investigation. 

This paper therefore described the leaf epidermal characters of the two Solanum species. It also 
assesses the relevance of and discusses the extent to which leaf epidermal features might be utilized in the 
systematic consideration of the two species in view of their perceived similarities in structural and 
reproductive biology. 

 
MATERIALS AND METHODS 

Fresh leaves from the two Solanum species were collected. This work was done at the Crop Science 
Laboratory at University of Nigeria Nsukka in November, 2006. Epidermal peels were obtained directly 
from the fresh leaves without any chemical treatment. This was done by free hand peeling with razor blade. 
The epidermal peels obtained were stained with ethanol safranin for one minute. Excess safranin stain were 
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washed off and temporarily mounted in aqueous glycerol solution (Cutler, 1978). Photomicrographs of the 
epidermal features were taken from the slides using Letz Wetzler Ortholux microscope fitted with vivitar-
v-335 camera. (Figure 1  a & b). 

 
RESULTS AND DISCUSSION 

The leaf epidermal features of the two Solanum species investigated were summarized in tables 1 and 
2.The walls of the epidermal cells of the two species showed that the upper and the lower epidermal cell 
wall of S. nigrum varied in shape from pentagonal, rectangular to hexagonal while the upper and lower 
epidermal cell walls of S. macrocarpum are irregular in shape (Tables 1 and 2). The distribution of stomata 
in both the upper and lower epidermis also varied. This was apparent in the variation of the stomatal index 
ranging from 5.70% - 33.02% in S. nigrum and 10.14% - 32.35% in S. macrocarpum. Moreso the stomatal 
frequency varied in the lower epidermis of both taxa indicating 136.50% in S. nigrum and 137.40% in S. 
macrocarpum. Anomocytic stomata characterized the two species and both species are amphistomatic i.e. 
stomata are present in both the upper and lower epidermis (Tables 1 and 2). 

Although stomata appeared on both the upper and lower leaf surfaces but they are more on the lower 
leaf epidermis. This is probably  an adaptation to water loss. This is in agreement with Metacalf and Chalk 
(1950), Mbagwu and Edeoga (2006) who observed that stomata are present on both surfaces of leaf but are 
usually more on the lower epidermis in species of Amaranthus and Vigna respectively.The anomocytic type 
of stomata that characterized the two taxa is not strange since Edeoga and Ikem (2001) observed the same 
in Boeheavia species, Metcalfe and Chalk, (1960) observed the same in some dicotyledonous plants and 
Mbagwu and Edeoga (2006) also noticed the same in Vigna species. In each of this study, the authors 
emphasized the importance of epidermal features and their relevance in systematic botany. The 
observations made in leaf epidermal features of the two Solanum species are important especially as they 
help to establish interspecific relationships among the two investigated taxa. For example the similarities in 
leaf epidermal features showed strong interspecific relationship and thus suggest reasons for the two taxa to 
belong to the same genus whereas the differences suggest reasons for the two taxa to exist as different 
species. 
 
 
Table 1. Epidermal Characteristics of the lower leaf epidermis of S. macrocarpon and S. nigrum 
 
CHARACTERS   S. macrocarpon  S. nigrum 
 
Type of Stomata   Anomocytic  Anomocytic 
Stomatal Index   10.14-32.35%  5.70-33.02% 
Stomatal frequency  137.40   136.50 
Stomatal appearance  Amphistomatic  Amphistomatic 
Shape of epidermal cells  Irregular   Pentagonal to rectangular 
No of epidermal cells  284.25   347.00 
 
 
 
Table 2: Epidermal Characteristics of the Upper leaf epidermis of S. macrocarpon and S. nigrum 
 
CHARACTERS   S. macrocarpon  S. nigrum 
Type of Stomata   Anomocytic  Anomocytic 
Stomatal Index   6.41-6.80%  3.21-3.64% 
Stomatal frequency  39.20   26.10 
Stomatal appearance  Amphistomatic  Amphistomatic 
Shape of epidermal cells  Irregular   Pentagular rectangular to hexagonal 
No of epidermal cells  347    426 
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Figure 1 (a-d). Upper and lower leaf epidermis characteristics of the two solanum species studied. 
 
a Upper leaf epidermal characteristics of S. nigrum 
b Upper leaf epidermal characteristics of S. macrocarpum 
c Lower leaf epidermal characteristics of S. nigrum 
d Lower leaf epidermal of S. macrocarpum 
 
Correspondence to:  
Dr. F.N. Mbagwu  
Department of Plant Science & Biotechnology 
Imo State University 
Owerri, Imo State, Nigeria  
Email: mbagwu101@yahoo.co.uk  
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Abstract: This paper discusses an ontogenetic chain, the specific form of a cause-and-effect s
traits, in relation to crop science. Two approaches to modeling associations in such a 

the former has much stronger biological basis than th

Keywords: cause, effect, interpretation, yield components. 
 

The general definition of an ontogenetic chain in relation to plant traits is that the traits th
it develop in a certain order during ontogeny, a fact that may result in a particular form of 
among the traits (Mądry et al., 2005). We may distinguish two main approaches to post
relationships (“postulating” because at the very beginning of the investigation we do not know 
relationships are true and important and which are not, but we may postulate which traits may
effects of other traits). The first approach consists in applying what we will hereafter call 
sequential model (the ALL-SEQ model); and the second, in applying the model based on
condition (the MC model), a model that represents the causal chain, quite common in the p
causation. In fact, both of these models are “sequential” because they both take into account 
of ev

odel comprises all the direct and indirect effects that are possible in the ontogenetic chain (s
methods that use this model are, for example, sequential yield component analysis (e.g., Eat
1978; Eaton and MacPherson, 1978) and sequential yield analysis (e.g., Mądry et al., 2005; 
2006).  

We are not discussing here the methods of analyzing relationships among the traits in the o
chain. Our aim is to discuss models that describe these relationships; such a model is to be pos
to the an

udy a causal process based on various models; hence the choice of a model matters.) We assu
postulation is to be done based on the knowledge of a process one aims to study. Therefore, 
we know that SPAD measurement in the DC 31 stage (SPAD 31; Zadoks et al., 1974) may infl
49, but the opposite situation (in which SPAD 49 would influence SPAD 31) is impossible (
al., 2006).  

Figure 1 presents the ALL-SEQ model for three traits. In this system the traits that are
chain to other traits may influence them, but may not be influenced by those traits that follow t
particular, jth trait (Xj) may be, then, determined by all the traits previous to it, that is, Xi for i =
and may determine the traits that follow it, that is, Xk for k = j + 1, …, p, where p is the numb
the ontogenetic chain. Therefore, it is assumed possible that the influence of the jth (j = 2, …, p
the last, pth trait (which is often called the dependent trait) may have a direct as well as indir
the latter via the traits that follow Xj in the chain (of course, the last but one trait may have on
effect on the last one). So, the first trait in the chain may influence all the other traits, not bein

y
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Figure 1. The all-effect sequential (ALL-SEQ) model presenting the associations among the traits in an 
o
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e trait that the jth trait follows. Analogously, every trait 
(except for the last one) in the chain is assumed to be a cause of only one trait: the one it precedes. In this 
way every trait in the model may be a cause of only one trait as well as an effect of only one trait. The 
model of this type, for three traits, is presented in Figure 2. 
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night 1992): 

GY is direct; 
KW; and the influence of NS on GY is only indirect, via 

th l grain yield 
ree with this 

a may also have an influence (for example, the direct effect) on 
cereal grain yield of different character from that along the above-given path (e.g., Rozbicki, 1997). How, 
then, in the light of the above discussion should we interpret the MC model, in which number of spikes per 
unit area is assumed to affect grain yield only indirectly?  

In contradiction to the MC model, the ALL-SEQ model assumes that each trait (yield component in 
our example) may (so does not have to) affect the final trait in the chain (grain yield) directly and, for all 
traits except for the last but one trait, indirectly.  

 

X1 X2 X3

ntogenetic chain (for three traits).  
 
The modeling based on the MC model is different from that based on the ALL-SE

description of the Markov condition may be found, for example, in Pearl (2000); its illegible e
relation to ecology, in which this model has found many applications (see, e.g., Baker,1989 and Tu
Anand 2004 and the citations therein), but also plant physiology, was presented by Shipley (20
Under the Markov condition a jth (j > 1) trait in the ontogenetic chain (note that this paper 
with the ontogenetic chain so the Markov condition is discussed only in this context, although
be used for other models) is determined only by th

X1 X2 X3

Figure 2. The model based on the Markov condition (the MC model) presenting the associa
traits in an ontogenetic chain (for three traits). 

 
The choice of one of these two models is essential: it is likely that the interpretations ba

will be different (it is likely but not certainly because it may happen that the model in Figure 2 will 
in such an instance this should be shown also by the analysis of the ALL-SEQ model). Below
the two models for one of the most common crop science problems—yield component analysis
Mądry, 2006), although what will be said may be linked to many other causal systems in crop scien

Consider the following components of cereal grain yield (GY): number of spikes per un
number of grains per spike (NG), and kernel weight (usually presented as 1000-kernel weight
order of the traits in the ontogenetic chain is acknowledged to be as follows (e.g., Dofing and K
NS, NG, TKW and GY. The MC model assumes in this case that the influence of TKW on 
the influence of NG on GY is only indirect, via T

e path NS  NG  TKW  GY. Thus, the only yield component that directly affects cerea
would be 1000-kernel weight. It is easy to imagine that not too many crop scientists would ag
statement. Number of spikes per unit are

 6



Nature and Science, 5(3), 2007, Marcin Kozak, Ontogenetic Chain And The Markov Condition In Crop 
Science 

 

 7

he following 
e that SPAD 

ct, via SPAD 
se the ALL-

ficant and 
Q model are 

. For many, 
enetic chain 

basis than the MC model. Of course, this is a 
r vention: the 

 approach to 
nted by the 
t one in the 
 has nothing 
not studying 
he following 

al grain yield is indirect, via 
1 n yield is 

 1000-kernel 

EQ model in 
n contradiction to the model based on the Markov condition, which usually 

does simplify the biology of crop science processes. This is why Dofing and Knight’s (1992) choice of the 
ponents influence small grain yield may be acknowledged to be correct. And this is why 

o use the ALL-SEQ model, not the MC model, in so many analyses (see the papers cited above) 
 to be correct. 

ry,  
Warsaw University of Life Sciences,  

a 159, 02-787 Warsaw, Poland;  

Let us now come back to the example concerned with SPAD measurements. Consider t
ontogenetic chain: SPAD 31, SPAD 49 and winter triticale grain yield. Why should we assum
31 has no direct influence on grain yield and the only influence it has on grain yield is indire
49? Is there any knowledge that would support such a statement? If no, we may simply choo
SEQ model and try to find which associations (see Figure 1) are and which are not signi
important. Note once more that we do not assume that all associations from the ALL-SE
significant: we assume they are possible.  

These simple examples show that the MC model quite often is not correct in crop science
which does not mean that for all, causal processes in crop science that are based on the ontog
the ALL-SEQ model has much stronger biological 
esearcher’s task to decide which model to choose, and it never should be done by con

knowledge of the process should provide necessary information.  
Nonetheless, looking more generally at the MC model it is easy to notice that this type of

analyzing cause-and-effect relationships is quite a simplification of a process represe
ontogenetic chain. One could say that the assumption that each trait (except for the firs
ontogenetic chain) has only one cause, that is, the preceding trait, is rather artificial and usually
to do with the biology of the processes. And note that by applying the MC model we are 
whether or not this is true: we assume this. Is there any crop scientist who would agree with t
conclusion: “The only influence that number of kernels per spike has on cere

000-kernel weight, and the only influence that number of spikes per unit area has on cereal grai
that via the following path: number of spikes per unit  number of kernels per spike 
weight  grain yield”? A question arises: Is such a simplification of biology appropriate? 

In the light of the discussion presented in this paper we may acknowledge that the ALL-S
crop science is usually correct, i

model of how com
the choice t
may be acknowledged
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Abstract: eThekwini municipality of South Africa has embarked on the use of urine diversion toilets as a 
means of providing a basic sanitation to its households. These urine diversion toilets are designed and 
constructed to be used in a seated position so that the faeces are safely directed into a vault and the urine 
simply directed into an adjacent soak pit. In this way, urine will induce nitrate contamination into the 
groundwater system; which if consumed at higher concentrations can be very harmful to humans. Therefore, 
improvement in urine collection of the eThekwini urine diversion toilets is paramount in order to safeguard 
groundwater resources from nitrate contamination. 
[Nature and Science. 2007;5(3):9-11]. 
 
 
  

ethekwini’s Water and Sanitation Programme in South Africa aims at providing an acceptable and 
basic level of water and sanitation to households in ethekwini municipality’s rural and peri-urban 
communities by 2010 through the supply of urine diversion toilets and 200-litre yard tanks (WIN-SA,2004). 
Urine diversion toilet is a form of waterless ecological sanitation designed to separate urine and faeces so 
that the faecal matter remains dry and rendered disease free for safe handling over time. The ethekwini 
design uses a two vault system. Once the first vault is full, the pedestal is moved over to the second vault 
and the first vault is sealed. When the second vault is full, the first vault is emptied and so on (WIN-SA, 
2004).  The design incorporates a pedestal with two openings; one in front for passing urine and another 
large one behind for passing faeces, all in a seated position. The faeces go in the vault and the urine is 
simply directed to the soak away pit. Figure 1 below shows the inside of the eThekwini urine diversion 
toilet.        Figure1.The inside of UD Toilet 

In fact, urine-diversion sanitation has been 
used worldwide for hundreds of years but with 
careful handling of urine; not merely directing it 
into the ground .In Yemen, urine is drained away 
(in urine diversion toilets) and evaporated on the 
outer face of multistorey buildings to obtain the 
dry faeces for later use as fuel (Esrey et al., 
1998). In Sweden urine has been diverted and 
used to smear wounds and dry skin (Frode-
Kristensen, 1966). Other historic uses of 
diverted-urine include tanning of hides and 
production of gunpowder (Stenström, 1996). 

 
In the traditional EcoSan toilet, the system is designed to handle both urine and faeces in combination. 

In this case, urine helps in the removal of odors due to additional ventilation it causes because of 
evaporation into the atmosphere through the vent. As a result of natural biological process, the combined 
human waste gets broken down into dehydrated odorless compost like material. This dry waste is 
manageable and can be used in the making of compost or disposed off to municipal waste services or used 
as a source of fuel without danger to groundwater.  

 9

mailto:justodong@yahoo.co.uk


Nature and Science, 5(3), 2007, Justine Odong, eThekwini Urine Diversion Toilets: A Threat to 
Groundwater  

 

Unfortunately, eThekwini urine diversion toilets are not EcoSan toilets; they are best described by 
Duncan Mara (2006) as urine-diverting alternating twin-vault ventilated improved vault (or VIV) latrines. 
While urine diversion is good for the performance of this toilet, it can also be a great environmental threat 
to groundwater quality. In fact, urine has a high potential of inducing nitrate contamination in the 
groundwater. Historically, the primary sources of nitrate in groundwater have been untreated human 
sewage from septic tanks and fertilizer applications (Puckett, 1995). The source of nitrate in effluents from 
septic tanks is urea { (CO (NH2)2 }

NH

 derived from human urine (Layton, 2002). This means urine once 
released in the soil, urea is introduced which subsequently gets converted to nitrate. Actually urea reacts 
rapidly with water (in the soil) to form ammonium. This ammonium subsequently undergoes bacterially- 
mediated oxidation to form nitrate: . Since nitrate is soluble in 
water, it is eventually carried down to the underlying aquifer by percolating rain, irrigation water or 
snowmelt. In addition to being soluble in water, nitrate is very stable, and therefore rarely combines with 
other compounds.  Furthermore, it does not bind to soil particles like many contaminants do. This means 
that nitrate will move with groundwater and can pose problems even kilometers away from a potential 
source. Consumption or ingestion of groundwater contaminated with nitrate at concentrations greater than 
the WHO drinking water standard of 45mg/L may cause methemoglobinemia in infants, cancer and other 
diseases (Downs et al., 1999; Follet, 1989). Basically Nitrate ( NO

OHHNOO 2324 22 ++→+ +−+

3
- ) is not in itself harmful to human 

beings and animals. But once it is ingested by the organism, it is converted by bacteria present in the 
organism, into Nitrite, which subsequently reacts with blood Hemoglobin to form compound called 
Methemoglobin. This compound reduces the blood's capacity to carry oxygen. The oxygen level then 
decreases, thus causing a disease called methemoglobinemia also known as “blue baby disease” to children 
under the age of 6, at a period when their digestive system is not mature enough to detoxify this compound. 
Chronic consumption of high levels of nitrate may also cause other health problems, for example some 
cancers and teratogenic effects; data are inconclusive, but cause for concern (Kross et al., 1993). According 
to the EPA (Environmental Protection Agency, U.S.), long-term exposure to water with high nitrate levels 
can cause diuresis (excessive discharge of urine), increased starchy deposits, and hemorrhaging of the 
spleen. Consequently, a maximum contaminant level (MCL) of 10 mg/L has been established by the U.S. 
Environmental Protection Agency for nitrate in drinking water. This is a health-based standard set because 
of the health risk to infants (Puckett, 1995). 

Therefore, urine diversion toilets which direct urine into the ground are potential sources of nitrate 
contamination of groundwater. This is something that ‘EcoSanologists’ don’t really approve of (Mara, 
2006).  eThekwini urine diversion toilets could be improved in the method of urine collection so that 
groundwater which takes decades or even centuries to recover once contaminated may be jealously 
protected. Above all, diverted urine once properly collected can be put to better uses with less impact on 
groundwater resources. 
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ABSTRACT: We investigated the willingness to adopt planted fallows as replacement to the natural 
fallows among farmers in Owerri Agricultural Zone of Central Southeastern Nigeria, in 2006. Structured 
interview schedule was used to generate socioeconomic data from respondent farmers. Data were analyzed 
using percentages and multiple regressions for socioeconomic analysis. Soil samples were also collected 
from soils under natural fallows but of 5 different fallow lengths. These surface soil samples were analyzed 
using laboratory techniques for status of soil fertility indices. Resulting data were subjected to Analysis of 
Variance (ANOVA) and means were separated using the least significant difference (LSD) at 5% level of 
probability. While analysis of socio-economic data showed that adoptability of fallows had good 
relationship with education, age and farm size; soil data indicated inability of natural fallow to cope with 
soil productivity demands at all fallow lengths studied when judged with existing standards. Establishment 
of planted fallows in demonstration farms of Agricultural Development Programmes (ADPs) of the 
agroecology, and studies on them may enhance certainty in the prediction of adoptability of these novel 
techniques of soil fertility regeneration. [Nature and Science. 2007;5(3):12-19]. (ISSN: 1545-0740).   
 
Key word:  Degradation, adoption, efficacy, fallows, soil fertility     

  
INTRODUCTION 

Over the last couple of decades, conservation agriculture has gained increasing interest in Africa 
and worldwide, in an attempt to eradicate extreme poverty and hunger; ensure environmental sustainability 
and develop a global partnership for development (IIRR and ACT, 2005). In response to these problems, 
some researchers look specifically at soil fertility replenishment systems (CTA, 2002; Place et al., 2005). 
 Soil fertility restoration strategies have been suggested. The Gliricidia and Leucaena cropping 
fallows were recommended since the fallows maintained maize yields at 3.5 tha-1, over six planting seasons 
without fertilizer (Mafongoya et al., 2001). Yields markedly increased by Gliricidia manuring to an 
average of 1800-2500 kg ha-1 (Bohringer and Akinifesi, 2001). In Zimbabwe, farmers apply plant litter 
from woodlands on very sandy soils (Nyati and Cambell, 1994) while in Malawi, over 1000 farmers used 
improved fallows, relay cropping and mixed cropping with efficacy of intercropping and closely spaced 
Leucaena hedgerows on soil conservation and maize yield on sloping terrain of Malawi. 
 In the Central Southeastern Nigeria, there is widespread land degradation due to accelerated soil 
erosion (Igwe. 2003) resulting to a decline in soil productivity. Increased demographic pressure has led to 
conflictive land uses and shortened fallow lengths (Onweremadu, 1994) as farmers still hold tenaciously to 
traditional fallow practices. There is increased deforestation activity and resultant erosion damages of soil 
resource (Oti, 2007). It is also probable that sociopolitical and anthropogenic activities may have added a 
negative weight on biophysical factors (Boers, 1990), and this tends to question the capacity of traditional 
fallow systems to sustain soils for agriculture and non-agricultural uses. Oti (2007) called for an assessment 
of traditional fallows for the restoration of erosion degraded lands of Southeastern Nigeria and this 
becomes more expedient with the current campaign for food security. Based on the above, we investigated 
the efficacy of current traditional bush fallow on owner- managed farms of Central Southeastern Nigeria. 
 
MATERIALS AND MEHTODS 
 Study area: The study was conducted in Owerri Agricultural Zone in the central 
Southeastern Nigeria, lying between latitudes 501513.15”and 5045110.21”N, and longitudes 604518.15” and 
7030115.11”E. The land area of the agricultural zone is about 300 km2 and comprises eleven local political 
units, namely Aboh Mbaise, Ahiazu Mbaise, Ezinihitte Mbaise, Ikeduru, Mbaitolu, Ngor Okpala, Oguta, 
Ohaji/Egbema, Owerri North, Owerri Municipal and Owerri West. The area is characterized by very high 
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population density of about 1150 persons per square Kilometer, and this situation is increasing due to rapid 
urbanization of the area. Soils of the area are formed from coastal plain sands and are classified as Typic 
Paleudults (Onweremadu, 2006). It is a lowland area with humid tropical climate having a rainfall of over 
2500 mm and mean annual temperature of 26-29 0C. Tree plants dominate the vegetation popularly referred 
to as the rainforest belt of Nigeria. Farming is a dominant socio-economic activity of the study area. 
Farmers still stick to traditional slash-and-burn system of clearing and soil fertility regeneration is by 
natural bush fallow where are soils allowed to regain their lost nutrients without intentional input from 
farmers. 
 
FIELD SAMPLING 
 Field studies were conducted in 2006, in which three local government areas were purposively 
chosen based on intensity of farming activities. The three local government areas were Ohaji-Egbema, 
Owerri West and Ngor Okpala. In each of the three local governments, two towns were randomly selected 
as follows: Umuagwo and Umuoknne (Ohaji-Egbema), Emeabiam and vu (Owerri West0 and Okpala and 
Nnorie (Ngor-Okpala). Twenty arable and owner managed farmers were randomly chosen from each town 
in the local government area. One hundred and twenty arable farmers constituted the sample size for the 
purpose of this investigation. These farmers are registered with the Agricultural Units of ADP with their 
respective local government areas.  
 Structured interview schedule was used to elicit information from the farmers. The structured 
interview schedule was validated using the content validity technique, which according to Chuta (1992) is 
used to determine the relevance and suitability of items included in the study. Items contained in the draft 
interview schedule for the study were validated and thoroughly examined criticized by three lecturers in the 
Department of Agricultural Extension, University of Nigeria, Nsukka, Nigeria. The final structured 
interview schedule for the study was certified by the expert opinions of these lecturers. Socioeconomic 
attributes studied include age, educational status, membership of social organizations and farm size. 
 Based on personal communication of respondent farmers, five fallow lengths, namely continuous 
cropping, 3-,5-,10 - and 15 - years fallows were identified and 10 surface soil samples (0-20 cm depth) 
were collected from each fallow length for laboratory analysis of fertility indicators. 
 
LABORATORY ANALYSIS 
 Cation exchange Capacity (CEC) was determined by repeated saturation using I M NH4OAc 
followed by washing, distillation and titration (Soil Survey Staff, 1996). Exchangeable basic cations were 
estimated by inductively coupled plasma atomic emission spectrometer (ICP-AES) (Integra XMO, GBC, 
Arlington Heights, IL). Available phosphorus was measured by Olsen method as described by Emteryd 
(1989). Total nitrogen was determined by Kjeldahl digestion with a Kjeltec Auto 1030 System (Tecacor, 
Hoganas, Sweden). Soil organic carbon was estimated after combustion on a Leco Model 521-275 (Leco 
Corporation, Svenka AB Upplands, Vasby, Sweden). Soil pH was measured potentiometrically (I:I soil to 
solution) in water (Thomas, 1996). Base saturation was calculated as the sum of exchangeable basic cations 
divided by cation exchange capacity, multiplied by 100 percent. 
 
DATA ANALYSIS 
 Descriptive statistical tools were used in analyzing collected data. Analysis of variance (ANOVA) 
was used to determine variation among soil data and means separated using least significant difference 
(LSD) while willingness to adopt planted fallow technology (Dependent variable) was regressed to selected 
socio-economic characteristics as independent variables.  
 The multiple regression model used is shown as follows: Y= a+ b1X1+b2X2+b3X3+b4X4+e... 1 
where Y = Willingness to adopt planted fallow  
 a = intercept  
 B1b4 = regression coefficients    
       X1 = age 
 X2 = education 
 X3 = membership of social organization  
 X4 = farm size 
 e = error term. 
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Results 
 The socioeconomic characteristics of respondent farmers are shown in Table 1, indicating that 
most farmers in the study site are of youthful age bracket (70%). Again, secondary and primary education 
dominated the educational status of these respondent farmers while fewer farmers engaged in more than 
four social organizations. Farm sizes were generally low (40%) to every low (32%). These results 
contrasted with the findings of Nwuzor (2007) in Abakaliki, another part of the same agroecology where 
farmers were older and less educated. But, Agwu and Chukwu (2006) reported that age of most farmers in 
Aninri Enugu State Nigeria lies within 20-39 years, a result resembling the trend in this study. 
 Natural bush fallow, farmyard manure and mulching dominated the existing soil conservation 
practices in the area when compared with the use of diversion ditches and terracing (Table 2). This is 
consistent with the findings of Odii (2002) that bush fallowing dominated soil conservation against soil 
erosion in this agroecology. Although, there exists sources of modern soil conservation practices in the area 
(Table 3), bush fallowing is allowed to naturally check environmental influences on soil resource and 
maintain soil fertility. However, agricultural extension services occupy 38% of the sources of information 
on soil conservation, followed by education and mass media, yet their influences have not changed the 
tenacity to which farmers hold to traditional bush fallow practice. This is because about 56% of the 
respondent farmers were not aware of the use of planted fallow technology (Table 4). Among the 
population with the knowledge of planted fallow technology, 55% are willing to adopt planted fallow 
technology (Table 5), indicating that a good proportion (45%) of the respondents are currently unwilling to 
accept and adopt the fertility regeneration and soil conservation technology. 
 Statistical data on the relationship between willingness to adopt planted fallow technology and 
socioeconomic attributes (Table 6) indicated that age, education and farm size were significantly (P=0.05) 
related to adoption. While education had a significant positive correlation with willingness to adopt, Korie 
et al (2006) reported a significant negative relationship between education and adoption of land tenure 
system, suggesting that modern farming agriculture may cease to adopt traditional land tenure system. 
 Status of soil fertility indicators in five natural fallows of the study area is shown in Table 7. Using 
existing standard (SPDC, 2003), values of cation exchange capacity, soil organic carbon, total nitrogen and 
available phosphorus were very low to moderate, and soils were strongly acidic irrespective of fallow 
length in natural fallows. These were significant differences among fallow lengths in measured soil 
attributes (Table 7). 
 
Table 1: Distribution of respondents according to socio-economic characteristics (n=120) 

 
Attribute     Percentage   

Age (Years) 
21-30      25.0 
31-40      45.0 
41-50      20.0 
51 and above     10.0 
Education 
No formal education    6.3 
Primary education    30.2 
Secondary education    51.0 
Tertiary education    12.5 
Membership of social organizations 
1-2      51.0 
3-4      36.1 
5-6      12.9 
Farm size (Hectares)  
1.0      32.0 
1.1-2.0      40.0 
2.1-3.0      18.0 
7-3.0      10.0  

 
(Source: Field Survey, 2006). 
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Table 2: Distribution of existing soil conservation practices  

 
Practice       Percentage 

 
Natural  Fallowing    68 
Mulching     10 
Farmyard manure     12 
Terrace      4 
Diversion ditch     6 

 
 
 
Table 3: Source of modern soil conservation knowledge (n=120) 

Source      Percentage  
Agricultural Extension Service    38 

Education     24 
Mass media     20 
Farmers organization    18 

 
 
 
Table 4: Knowledge of planted fallow technology (n=120) 

Awareness level    Percentage    
 

Unaware     56 
Aware      44 

 
 
 
Table 5: Willingness of respondent farmers to adopt planted fallow technology (n=120) 

 
Attribute     Percentage 

 
Highly unwilling     20 
Slightly unwilling    25 
Willing      30 
Highly willing     25 

 
 
Table 6: Multiple regression analysis on the relationship between willingness to adopt planted fallow 
and socioeconomic characteristics (n=120) 

 
Independent Variable Coefficient SE T-value  F- ratio  R2  

 
         (adj) 
Constant   62.15 0.92 16.60*  3.02  0.36 
Age   -9.36 0.08 -7.32* 
Education  13.24 0.09 8.15** 
Membership of  
Social organization 6.21 0.11 1.63 NS 
Farm size  -11.23 0.05 -5.22*   
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Table 7: Soil fertility indicators in natural fallows of the study cite 

 
Length of pH CEC  BS  SOC  TN  Avail.P  
Fallow  (meq/100g (%)  (%)  (%)  (ppm)          
(Water) 
(Years)  Soil) 

 
Continuous 2.8  29.0  0.5  0.08  5.8 3.8 
Cropping 
3  3.9  36.2  0.6  0.10  6.2 4.0 
5  5.8  39.8  0.8  0.14  9.6 4.1 
10  11.3  42.3  1.2  0.18  15.2 4.6 
15  14.7  47.2  1.4  0.20  18.6 5.0 
LSD (0.05) 0.8  0.6  0.3  0.08  0.3 0.7 

 
CEC = cation exchange capacity, BS = base saturation, 
SOC = soil organic carbon TN = total nitrogen, Avail. P = available phosphorus, LSD = least significant 
difference.  
 
DISCUSSION 
 The implication of the predominance of youthful age (45%) in Table 1 is that agricultural 
extension services should focus on such population moreso, where 51% of them have attained secondary 
education. Ozor and Madukwe (2005) suggested the use of Youth Farmers Clubs (YFCs) for such target 
population. However, we suggest that Agroforesty Clubs (AFCs) be mounted in secondary schools where 
experimental plots on planted fallows could be used for demonstration purpose by Agricultural Science 
Teachers (ASTs). In Southeastern Nigeria, educational level has been found to be one of the most closely 
related variables to adoption of improved farm practices  (Mathews-Njoku and Asiabaka, 2003). The 
intervention of government and non-government bodies in encouraging the population of this educated 
youthful and emerging farmers is so desirable to forestall the migration of this category of human capital 
which were trained by urban settlement in South African agriculture (Ortmann and Machethe, 2003). 
 A good number of the respondent farmers (51%) had only 1-2 social organizations, which is an 
indicator of their rickety economic foundation as farmers may likely belong to more social organizations as 
income increases given the African cultural peculiarity.  It is of note that social organization serves as 
forum through which farmers could exchange ideas and learn about new farm practices (Onu, 1991). 
However, social organization vary in the study area comprising agro-based groups, purely entertainment 
social groups, age-grade organizations, and spiritual groups but this classification was beyond the scope of 
the study. 
 About 72% of the respondent farmers population had less than 2.0 hectares of farmland, 
suggesting higher possibility of adoption of planted fallows in the area as a way of quickly rejuvenating soil 
fertility in a very short temporal specification. The more the land mass, the greater the propensity to hold to 
traditional bush fallow since farmers can afford to allow their farmlands rest for years without cultivation. 
 One would have expected a diminishing prominence of natural bush fallow in the area given high 
percentage of small-sized farms, but it was to the contrary (Table 2). It implies from the foregoing that 
respondents are left to regenerate their fertility or that they cultivated under shortened fallow lengths in line 
with the findings of Onweremadu (1994). Despite the leading position of agricultural extension service as 
source soil conservation knowledge (Table 3) it has not succeeded in attracting a good number of farmers 
to adopt planted fallow technology which has  been a common practice in other African Countries (CTA, 
2002). This is worst still with 56% of the respondents indicating ignorance of the technology (Table 4). It 
means that part of the Millennium Development Goals   should focus great attention on such innovations as 
planted fallow technology since it takes the traditional soil fertility restorative technology longer time. 
Efforts in this direction must remember the inculcation of indigenous knowledge peculiar to the locality 
(Onweremadu et al., 2007). 
 Field studies also showed that many respondent farmers (55%) are willing to adopt planted fallow 
technology, implying that a lot of extension services to convert 25% of the “slightly unwilling” population 
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to “willing” status (Table 5), willingness to adopt could be a direct response to low productivity of 
farmlands in the study area. Although the study did not evaluate soil productivity vis-à-vis crop 
performance, it was demonstrated by farmers during personal communication at different sampling points. 
The propensity to adopt planted fallow technology as  a replacement to the traditional bush fallow system 
was regressed with studied socio-economic attributes and results indicated a very good positive relationship 
between adoption and education (T-Value = 8.15**), suggesting that adoption increase with enlightenment 
as an educated farmer can understand technologies which appear complex to the uneducated (Egbule and 
Mathews-Njoku 2002). Farm size had a significant negative relationship (T-Value = 5.22*) with adoption 
of planted fallows, implying that as farm size increases propensity to adopt decreases. The traditional 
fallow period is promoted by large farmlands amidst low farmer populations. But, the population density of 
the study area is so high amidst traditional land tenure system which promotes fragmentation and 
shortening of rest period. In the same manner, age had a significant negative relationship (T-value = - 7.32*) 
with willingness to adopt, showing that older farmer respondents were less willing to adopt this technology, 
possibly due to cultural attachment and disposition (Onweremadu and Mathews-Njoku, 2007) while 
younger population would want to increase their “pocket money” by any promising economic venture 
(Okoro, 1991). 
 Soil analytical data (Table 7) exhibits the relative productivity of soils at different fallow periods 
under natural bush fallow system, with data confirming the inability of popularly adopted system of soil 
fertility regeneration. In the context of increasing demographic pressure amidst rising and conflicting 
demands for farmland resources, soil resource is subjected to several forms of degradation. This is worst 
for continuously cultivated soils in a low-input farming system. Although Oti (2007) suggested the use of 
strategies which improve soil structure, soil organic matter levels, plant available water, essential nutrient 
reserves, and diversity of soil biodiversity to sustain traditional fallows, social understanding and 
applicability of the strategies may be difficult. The recalcitrance of farmers to adopting modern soil 
conservation strategies is worrisome since Zake (1993) reported failure of inorganic  fertilizers in restoring 
yield levels in degraded Ultisols of Uganda, and soils of the site are mainly Ultsols whose landscape has 
been ravaged by soil erosion ( Onweremadu, 2006). Efficacy of improved fallows for oil fertility 
replenishment using Sesbania, Glicicidia and Tephrosia has been reported in Kenya, Uganda, Zambia, 
Malawi and Zimbabwe (CTA, 2002), and could be used in soils of the study area. Evaluation of these 
fertility enhancing plants in combination with arable crops may be necessary for appropriate 
recommendations. This is because seed supply and viability may be unreliable hence a disincentive to 
farmers in such marginal environment of transitional economics. It may be necessary to resort to farmer 
decision-making models and econometric analyses (Benin et al., 2004; Gauchan, 2004), which consist of 
channels through which farmers acquire information and interact with the farmers who are practicing the 
technology in their farms.  
 
CONCLUSION 
 The study revealed that majority of respondent farmers belong to youthful age bracket and with 
secondary education. Farmers belong to few numbers of social organizations and are mainly low income 
farmers based on the small farm holdings. Result also showed that natural fallows are still dominant, 
irrespective of their knowledge of modern soil conservation practices. However, majority of the farmers are 
unaware of the planted fallow technology although a good number of them are willing to adopt it. We also 
found that socio-economic characteristics such as education, age and farm size influenced willingness of 
respondent farmers to adopt, suggesting future use of these attributes in modeling adoption of improved 
and planted fallows in the study site, and this will certainly enhance precision farming in the study area. 
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Abstract: In 1998, two groups led by Professor Saul Perlmutter of Lawrence Berkeley National Laboratory 
50-232 University of California and Brain Schmidt of Australia National University individually 
discovered the accelerating expansion of our universe (AEOU) through the observations to the bursts of 
supernovas Ia, they pointed out, that the remote galaxies are accelerating away from us.[3] Lots scientists 
regarded the existence of mystical dark energy (DE) of exclusive force or negative energy as the origin of 
AEOU, some of them are making their great efforts to find out dark energy for winning Nobel prize. 
Especially, our universe was born from Big Bang about 13.7 billion years ago,[3] no dark energy appeared 
along with the birth of our universe, it just cropped out about 9 billion years ago.[3] What is dark energy? 
Nobody knows it at present. Physics Professor of China Science and Technology University, Li Miao 
jokingly said: “How many specialists of dark energy there are, how many kinds of dark energy may be 
imagined out.”[3] Can AEOU be explained only by dark energy of exclusive force or negative energy? 
According to theories and the innate natures of black holes (BH), the expansion of a black hole can be 
caused by swallowing in energy-matters from its outside and by collision with other black holes (BH). The 
more energy-matters could be swallowed in, the faster expand a black hole (BH) would [see formulas (6b), 
(6c) below]. In this article, the accelerating expansion of our universe (AEOU) will be explained with the 
collisions between our universal black hole (UBH) and another one in their early years. Though the 
demonstrations in this article may be relatively simple; but they are more reasonable than the 
demonstrations of all current theories to AEOU. [Nature and Science. 2007;5(3):20-29]. (ISSN: 1545-0740).   
                 

 

Key Words: dark energy, dark energy of excusive force, dark energy of negative energy, accelerating 
expansion of our universe, collision of two black holes, multi-universes, space expansion exceeding light 
speed, acceleration of the universe 

 

I. The accelerating expansion of our universe has proved the real existence of multi-universes.   

    The recent observations indicate that, the so-called dark energy did not simultaneously appear with the 
birth of our universe; it cropped out about 5 billion years later. It clearly shows that, the dark energy surely 
came from outside of our universe, i.e. from other universes. It is the hard evidence to show the existence 
of multi-universes. In addition, “Recently, many super-massive BHs (its mass Mb ≈109Mθ, Mθ –- our sun 
mass) were discovered in our universal space. According to calculation, its average density is about 
ρs≈0.0183g/cm3.”---quoted from paragraph 15 in <New Concepts to Big Bang and Black Holes>.[2] In such 
super-massive BHs, there would certainly be many stars with its planets. Moreover, there would still be too 
many energy-matters outside those super-massive BHs. Thus, they could continuously grow up bigger and 
bigger with swallowing in outside energy-matters. Several billion years later from now on, the intelligent 
living beings might appear on the planets in some super-massive BHs, they could have no way to know the 
worlds outside of their BH. It is said, even in our same universe, if there were the intelligent living beings 
in the different BHs, they could have no way to make any contact each others, because every black hole 
(BH) is a completely independent kingdom. Fortunately, our solar system does not locate in the super-
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massive BH of our galactic center, otherwise, our mankind may have no way to know the whole galaxy, let 
alone know our whole universe. Therefore, the relationships between those super-massive BHs in the 
different galaxies of our universe are just the same conditions between our universe and other universes 
outside of ours, because our universe has been a real gigantic universal black hole (UBH).[1][2] Above-
mentioned super-massive BHs in the different galaxies could grow up after swallowing in energy-matters 
outside or even collide with other BHs, just as our universe  would expand its volume by swallowing in 
energy-matters outside or colliding with another UBH outside of our universe.  

II. The proposal of dark energy, any new theories to the explanations of accelerating expansion of 
our universe must accord with the Flatness and the current precise observational value of (Ω = 1.02 ± 
0.02) of our universe, the dark energy of exclusive force might become a specter unable to be found. 
      

Einstein’s Field Equation of General Theory of Relativity (GTR) as below,    

Gµν = 8πG Tµν + Λgµν[4]   (1)        

Gµν is Einstein tensor to describe the geometrical character of time-space; Tµν is energy-momentum 
tensor of matter field; Λgµν is a cosmological item, in which Λ is so-called cosmological constant. Λgµν 
would have exclusive force, which was added later by Einstein for keeping our universal balance between 
the gravitational forces and exclusive forces.[4] For convenient analyses, Tµν can be divided into three 
items below.   

Let    Tµν = T1µν + T2µν + T3µν  (2)    

According to the recent precise observations and theoretical calculations, T1µν ≈ 4%Tµν,[3] T1µν 
delegate an item of general visible matters, such as stars, interstellar mediums. According to the 
observations and theoretical calculations to distributions of rotary speed in many galaxies, T2µν ≈ 
22%Tµν,[3] i.e. T2µν  ≈ (5 ~ 6) T1µν. T2µν is an item of dark matters to delegate the invisible matters of 
gravitational force. T3µν ≈ 74% Tµν,[3] it is so-called dark energy other than (T1µν + T2µν). The amounts of 
dark energy with (T1µν + T2µν) together must maintain Flatness and (Ω→1) of our universe. However, the 
predicts of Inflationary Cosmology which was proposed by Guth and Linde, and theoretical researches of 
cosmological dynamics all required Flatness, Evenness and Ω = ρr / ρo ≈ 1 of our universe, i.e. required that 
our universal real density ρr must extremely approach to our universal critical density ρo. Recently, various 
precise observations have confirmed the correctness of above theory and concepts, i.e. the best 
observational value of Ω = 1.02 ± 0.02.[4] Of course, here the required dark energy must have positive 
energy or gravitational force.    

Now, for explaining the newly discovered accelerating expansion of our universe through the 
observations to the bursts of remote supernovas Ia, many scientists proposed some new theories, they 
merged above (T3µν + Λgµν) together into one thing -- Λgµν, they considered that Λgµν included (T3µν = 
74%Tµν) as unknown and secret dark energy must have exclusive forces or negative energy. A famous 
delegate of new theories is quantum field theory (QFT), in which (T1µ+ T2µν = 0) are considered as the 
vacuum state or the state of the lowest energy or the basic state of quantum field,[4] i.e. zero point energy of 
microcosm. However, the macro energy-matters i.e. general matters (T1µ+ T2µν ≠ 0) of our universe are 
considered as a excited state of quantum field. Observations to the vacuum state of our universe may very 
closely accord with (T1µν + T2µν) = 0, thus, Λgµν is just regarded as vacuum energy, i.e. dark energy of 
exclusive force to include T3µν. Unfortunately, the calculated value of Λgµν according to QFT is even 
equal to more than 10120 times of the really observational value of Λgµν in vacuum. For this reason, 
QFT has met the greatest trouble to solve Einstein’s field equation. Obviously, so much negative energy 
Λgµν calculated out by QFT would have no way to maintain Flatness of our universe and identity between 
the tensor of Gµν in Einstein field equation and the real observational values. QFT seemingly regarded 
vacuum energy as “the unlimited free lunch”. How much vacuum energy could deposit at any place in our 
universe and be taken out? Why could the negative energy come from vacuum not annihilate with positive 
energy-matters in our universe? How could guarantee the real Flatness of our universe with 74% dark 
energy of negative energy Λgµν? Solving above problems may hardly not violate the natural cardinal 
principle----the law of causality. It can be seen, any new theories included QFT to the explanations of 
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accelerating expansion of our universe must not violate the Flatness of our universe and the recently 
precise observational value of (Ω = 1.02 ± 0.02).    

    In reality, some scientists and some observations did not support the existence of “secret dark energy” 
and “dark energy of negative energy”. 

Lioto, scientist of Italy National Institute of Nucleon Physics said: “the accelerating expansion of our 
universe doesn’t need the mystical dark energy, it’s just the neglected expansive effect of Big Bang.”[5] 

Scientists of XMM Newton Astronomical Telescope of Europe Space Bureau observed that the 
proportions of blazing gases had almost no difference between very old and young clusters of galaxies. It is 
a better evidence to have showed the non-existence of dark energy[6] and to accord with theoretical 
demands. Surely, the current total amount of (T1µν + T2µν) is too little to maintain Flatness of our universe 
and hardly to let our universal real density ρr extremely approach to our universal critical density ρo. 
Therefore, T3µν /Tµν  ≈ 74% must be needed to have positive energy. However, T3µν should be an item of 
dark energy to delegate those not observed and invisible positive energy in our universe.[3][4]  

On January, 8, 2007, an America science research group declared that, through effort in several years, 
they had firstly drawn up the three dimension map of dark matters in our universe. They pointed out that, in 
our universe, about 1/6 matters are visible matters, more than 80% matters of the rest are dark matters.[7] 
They really negated the existence of any dark energy. 

Modern traditional cosmology generally merged the cosmological item into energy-momentum tensor of 
matter field, it is about equal to introduce an energy-momentum distribution of an energy density: i.e. ρΛ = 
Λ/8πG, pressure pΛ = -Λ/8πG.[4] In reality, modern traditional cosmology from introducing items of 
ρΛ and pΛ had really regarded the exclusive forces of heat pressure as the antagonist of gravitational 
forces in our universe. Thus, the dark energy of exclusive force is not required in modern cosmology. 
 
III. The expansive laws of BHs after swallowing in energy-matters outside or after the collision 
between two BHs. 
    According to Schwarzchild’s special solution to the equation of GTR, the necessary condition for the 
existence of any real gravitational black hole (RGBH) or so-called Schwarzchild’s BH (i.e. no charges, no 
rotating and spherical symmetry) is: 
    Rb =2GMb/C2,  or  RbC2/2G = Mb

 [9][2]                (3) 
Mb-- the total mass of BH, Rb--the Schwarzchild’s radius of BH, C—light speed, Mθ —sun mass, G—

gravitational constant, 
 
A. when a BH swallows in energy-matters outside, 
Mb = 4πρbRb

3/3      (4) 
From formulas (3) and (4), 
3C6 = 32πG3ρbMb

2         (5) 
dRb = (2G/C2)dMb      (6) 
dRb/dt = (2G/C2) dMb /dt    (6a) 
 
Formulas (3), (4), (5) and (6) indicate that, when Mb increases 10 times due to swallowing in energy-

matters outside, its density ρb would lower 100 times, and Rb equally increases 10 times. 
The relative expansive speed Vb of Event Horizon of any BH is: Vb = 2dR/dt, so, 
Vb = (4G/C2) dMb /dt ≤ 2C  (6b) 

     
In case dRb/dt = C, and dt = 1 second, then dMb/dt= 2×1038g/sec, it is almost equal to swallow in 

105 solar system in 1 second. Vb = 2C  may be the greatest limit of swallowing in energy-matters 
outside for a BH. 

The expansive acceleration ab of the Event Horizon of any BH is: ab = dVb/dt, hence, 
ab = (4G/C2)d2Mb /dt2    (6c) 
 
Formula (6c) expresses that, the accelerating or decelerating expansion ab of the Event Horizon of a 

BH is directly proportional to the increasing or decreasing speed of energy-matters to be swallowed 
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in by that BH. Then, its swallowing in energy-matters outside is the normal functions of any BHs. 
From formulas (3) and (6), 

Rb + dRb = (2G/C2)(Mb + dMb)  (6d) 
 
    B. According to formula (3), if two BHs of Mb1 and Mb2 had collided, Rb1 and Rb2 are their respective 
Schwarzchild’s radius, then, Rb1C2/2G = Mb1, and Rb2C2/2G = Mb2, as a result, 

 Mb1 + Mb2 = (Rb1+Rb2) C2/2G    (7) 
A new BH would be formed after collision, its mass Mbn = Mb1 + Mb2, its Schwarzchild’s radius Rbn = 

(Rb1+Rb2). 
Conclusion: From formulas (6d) and (7), once a BH had formed, no matter whether it increased or 

decreased energy-matters or even collision with another BH, it would be a BH forever before its 
disappearance with becoming the minimum gravitational black holes (MGBHs) of 10-5g.[1][2] 

 
IV. Our universe has been a real universal black hole (UBH).  

For explaining the characters of our universe as a real UBH, two more accurate observational values 
about our universe will be adopted to do some calculations below (a). The current age Au of our universe 
from Big Bang to the present is: Au=13.7×109yrs.[3] (b). Hubble’s constant Ho= (0.73±0.05)×100kms-

1Mpc-1 [4]. If above two values are more reliable, the results are as follows. (a). If our galaxy locates in a 
gigantic universe enough, the current visible radius Ruv of our universe is: Ruv = C×Au = 1.3×1028cm, it is 
said, the farthest stars, which may be observed, is about 1.3×1028cm away from us, it just is the distance of 
light travel in the universal age Au. The visible Event Horizon of our universe is equal to 2Ruv. (b). The real 
observed density ρr of our universe is: ρr = 3 Ho

2/(8πG) ≈ 10-29g/cm3.  
 
A. Now according to the observed real density ρr ≈ 10-29g/cm3, our UBH (Mub) can be calculated from 

laws of BH.  Let Mub are the total energy-matters of our real UBH, Rub is its real Schwarzchild’s radius. 
From formulas (3) RubC2/2G = Mub, and (4) Mub =4 π ρr Rub

 3/3, and ρr ≈ 10-29g/cm3, then, our UBH is 
formed by: Mub= 8.5×1055g, Rub = 1.265×1028cm, ρr ≈ 10-29g/cm3.  
    

B. The definite evidences verify that, our universe (Mub) is a real UBH. If our universe is a real 
gigantic UBH, it was only originated from small BH or from the mergence of many BHs. So, it should be 
formed by numbers Nub1 of original BHs (i.e. MGBHs its Mb ≈ 10-5g, Rb ≈1.5× 10-33cm, Tb ≈ 0.65×1032K, 
see reference [1]) at the birth from Big Bang, so, Nub1 = Mub/MGBH = 8.5×1055/10-5 = 8.5×1060. At the 
same time, from formula (7), Nub2 = Rub/Rb =1.265×1028cm/1.5×10-33cm = 8.43×1060. Due to Nub1 = Nub2, 
then, it is a reliable evidence to show that our universe is a real gigantic UBH.  

 
C. The Flatness and (Ω = ρr / ρo = 1) are the innate natures of our UBH: according to Hubble’s law, 

in our universe, the relative expansive speed Vp of any point P, which has a distance Rp to a certain 
spherical center, is equal to, 

Vp = Ho Rp   (8)  
 
From formula (3) and (4), on the Event Horizon of our UBH, when Rp prolongs to equal to Rub, so, Vp = 

C, then, 
Ho

 2 =8πG ρo /3   (9) 
 
Since our universe has been a real UBH, it must be a close spherical body; so, ρo is the critical 

density of our UBH and is a sole value only decided by Mub or Rub from formulas (3) and (4).[2]  
However, the real density ρr is originated from the same observed Ho, i.e. Ho

2 =8πG ρr /3. Certainly, ρr 
should be completely equal to ρo in formula (9), because ρo and ρr are all come from the same Ho. So, (Ω 
= ρr/ρo = 1) is the innate nature of our UBH. Thus,  Ω = ρr/ρo = 1 should  conversely verify that our 
universe is a real UBH. 

 
D. Now owing to Rub < Ruv (Rub = 1.265×1028cm, Ruv = C×Au = 1.3×1028cm), the farthest real boundary 

which can be observed by mankind is only the Event Horizon Rub of our UBH, but not the Event Horizon 
Ruv of virtual Muv.  
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If ρov is defined by some theories other than the theory of BH as the critical density of our universe, 

strictly speaking, formula (3) cannot be adopted to determine ρov, because the amounts of the real current 
Muv outside our UBH can’t be known. However, in modern cosmology, ρov is just a presumed values, and 
calculated out on the assumption that Muv and Ruv accord with formula (3). Thus, Muv , Ruv and ρov would 
be artificially formed a new virtual UBH (Muv) bigger than our current UBH with a definite Ruv = C×Au. 
That virtual UBH would be: Ruv = 1.3×1028cm, Muv = 8.77×1055g, ρov = 0.95×10-29g /cm3. Therefore, the 
so-called Ω has really become to Ω = ρr/ρov = 10-29g/0.95×10-29 = 1.05. However, ρr/ρov is a true 
proportion of two real densities of two UBHs, but not a proportion between real density and critical 
density of the same universe. Only owing to Rub ≈ Ruv, Mub ≈ Muv, Ω = ρr/ρov ≈ 1 at present, it had been 
wrongly applied by most cosmologists as a discriminant to judge the future destiny of our universe: 
close universe or open universe. Since our universe is a real UBH as above demonstrations, it is a 
close universe. There is no significance to define Ω for any BH included our UBH. 

Therefore, our current visible universe is equal to our UBH-- Mub, but not the virtual UBH-- Muv. 
If there’ll be still  much energy-matters enough outside our UBH (Mub), after n years, Mub will enlarge to 

the present virtual Muv. n = (Ruv - Rub)/C = (1.3×1028- 1.265×1028)/3×1010 = 3.7×108yrs. However, at that 
time, the age Au of our universe won’t be 13.7×109 yrs, but equal to Au + n = 14.07 ×109yrs. 
     

E. The Event Horizon of our UBH, 2 Rub ≤ (2 Ruv = 2C×Au). It shows that, the relative expansive speed 
Vub of the Event Horizon of our UBH has exceeded light speed C on average (i.e. Vub ≈ 2C) all the way 
from Big Bang to the present.   
 
    F. The calculated age of our universe to: According to the old formula, to = 1/Ho =1/(0.73±0.05) 
×100kms-1Mpc-1 ≈ 13.3×109 yrs, but according to the revised General Theory of Relativity (GTR), to 
≈2/3×1/Ho ≈ 9×109yrs.  
 
V. The accelerating expansion of our universe (AEOU) should be caused from collision between two 
UBHs in the early years.  
    From above demonstration, since our visible universe is our UBH—Mub, but not Muv, thus, AEOU = 
AEOUBH (accelerating expansion of our UBH).  

The accelerating expansion of our universe (AEOU) was observed and demonstrated through the 
observations and calculations to the bursts of remote supernovas Ia. The AEOU happened about after 
5×109yrs of the birth of our universe or about 9×109yrs ago. In this article below, the AEOU will be 
explained and demonstrated by the collisions between two universal black holes (UBHs). 

Assuming that, about 9×109yrs ago, our smaller UBH Mub1 collided with or dropped in another 
greater UBH Mub2, what had happened since then? Of course, such collision was a long-term process. 

Suppose Mub1 was the total mass of our smaller UBH, Rub1was its Schwarzchild’s radius, No1 was 
numbers of MGBHs (Mb ≈ 10-5g, Rb ≈1.5× 10-33cm, Tb ≈ 0.65×1032K) to form Mub1. 

Suppose Mub2 was the total mass of the greater UBH, Rub2 was its Schwarzchild’s radius. 
    The conditions after collision between Mub1 and Mub2 are analyzed as below. 
 
    A. Once our smaller Mub1 dropped in the greater Mub2 about 9×109yrs ago, from formula (7), so, Mub1+ 
Mub2= (Rub1 + Rub2) C2/2G, it is said, due to capturing Mub1, Mub2 had to increase its Schwarzchild’s radius 
to (Rub2 + Rub1). Thus, Mub2 in ∆t times got the expansive speed of its Event Horizon Vub22, Vub22 = Rub1/∆t. 
If the Event Horizon of Mub2 did not fully expand to Rub2 before collision, Mub2 should have a speed Vub21 
of repercussions of initial Inflation. If there might be energy-matters outside swallowed in by Mub2, it 
would get other expansive speed Vub23. Then, the total expansive speed of Mub2’s Event Horizon Vub2 of 
Mub2 is: Vub2 = ( Vub21 +Vub22 + Vub23). 
 
   B. Let’s look back to our original Mub1, once the original Mub1 dropped into Mub2 about 9×109yrs ago, it 
could swallow in energy-matters from Mub2, from formula (7), Mub is our present UBH turned from 
Mub1, so, Mub = Mub1+ ∆Mub12+ ∆Mub13= (Rub1+ ∆Rub12 + ∆ Rub13) C2/2G = RubC2/2G. If Mub1did not fully 
expand to Rub1 before collision, Mub1should have a speed of its Event Horizon Vub11 of repercussions of 
initial Inflation. Under the general condition, Mub1 could only swallow in ∆Mub12 from Mub2, it would lead 
Rub1 more expand to ∆Rub12 and get expansive speed Vub12 = ∆Rub12/∆t. However, due to that Mub2 had 
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3. Results and Discussion 
Scanning electron micrography 

SEM of polyaniline – poly(methacrylic acid) nanocomposite synthesized by chemical oxidative is 
shown in Figure 1(P3-A). PAN/PMAA nanocomposite is very sensitive to the temperature. Due to the 
intractionelectron and sample. Scanning electron micrography images were obtains from a diluted solution 
of the nanocomposite particle. The white spots are Fe3O4 nano particles. The SEM image  shows the 
presence of spherical Fe3O4  particles in PAN/PMAA composite, which are homogenenously distributed 
throughout the composites, which is also confirmed from XRD studies[11].  
 
X-ray diffraction  

The crystallinity of the formed composites was followed with X-Ray diffraction(XRD) as s 
function of weight percent inorganic component. Figure 2a shows X-ray diffraction pattern of polyaniline – 
poly(methacrylic acid) complex ( 0 % Fe3O4) .Diffraction of PAN-PMAA have a broad peak at about 2Ө = 
25.92 ˚ , which is a characteristic peak of PAN-PMAA (Wan et al 1994 , Wan and li 1998) . Studies on 
XRD patterns of PAN-PMAA are scarce in the literature (Rajendra Prasad and Muunichandriah 2002 ). 
Figure 2b shows the XRD pattern for PAN-PMAA-Fe3O4  (25% ). The diffraction pattern of PAN-PMAA- 
Fe3O4 nanocomposite shows a peak at about 2Ө = 26.89˚[12] . 
 
Fourier transfer Infrared spectra 

Figure 3 shows the FT-IR spectrum of polyaniline – poly(methacrylic acid) nanocomposite , 
where the % of transmittance is plotted as a function of wave number (cm-1). The characteristic FT-IR peak 
at 1523 and 1485 cm-1 are due to the presence of quinoid and benzenoid rings, respectively and are clear 
indication of these two states in the polymer chain. Also, The peaks at 1176, 1710 cm-1 are due to the C-N, 
C=O bond stretching vibration ,respectively . Figure 4 shows the FT-IR spectrum of polyaniline – 
poly(methacrylic acid) composite with Fe3O4  nanopaticles. The FTIR spectra of PAN/PMMA composite in 
presence of Fe3O4 exhibite new adsoption peaks distinctly at 1562,1479,1295,1132 and 799 cm-1 which are 
assignable to the presence of various metal oxide in the composite. 
 
 
 
 
      Fe3O4 nano particles 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1. Scanning electron micrograph of PMAA:PAN:Fe3O4 nanocomposite 
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4. Conclu
We have synthesized new hybride polyaniline – poly(methacrylic acid) / Fe3O4 by in situ 

n the presence of Fe3O4 nano particles .This nanocomposite show semi-crystalline nature, 
whereas 

imention of 100-200 nm. One type of the composite is 
synthesi

rs. 
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the PAN-PMAA synthezied is amorphous in nature. The SEM photograph of nanocomposite with 

25% Fe3O4 show the presence of cenospheres.  
These nanocomposites are suitable materials for high technology industries. The organic 

component is the hybride material have the d
zed by preparing a precursor that contains the Fe3O4 nano particles, the poly(methacrylic acid) and 

the aniline monomers. 
The composites were coated on glass and metal surfaces by the method of layer-by layer coating 

of self – assembled multi laye
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Abstract: It is called “the law of diminishing marginal utility” that Marginal utilities are diminishing 
across the ranges relevant to decision-making. However, it will not always hold. Sometimes an amount 
added brings things past a desired “tipping point”, or an amount subtracted causes them to fall short. In 
such cases, the marginal utility of a good or service might actually be increasing. This paper investigates 
Xinfei Corporation’s rapid growth, and proposes ten propositions for the law of increasing marginal utility. 
[Nature and Science. 2007;5(3):72-77]. (ISSN: 1545-0740).  
 
Keywords: Marginal Utility, Mechanism of Creative Process, Three-color Business Management  
 
1. Introduction 

Since 1986, Xinfei Corporation, a Chinese high-tech company, grows rapidly. In this paper, we 
compare the development of Xinfei Corporation with the development of other Chinese companies and 
some foreign companies, and conclude that: (1) Under China’s new market economy mechanism, Xinfei 
developed in a new progressive mode, “Invest → Increase → Re-invest → Re-increase”; (2) The most 
important fact of Xinfei’s development is “Innovation”. These two conclusions can partially prove the law 
of increasing marginal utility. Thereby, management innovation can be constructed on this law. The law of 
increasing marginal utility provides a new economic theory for business management innovation. We also 
propose ten propositions for this law. These ten propositions play a significant role in economics, which can 
be considered as economic “Goldbach Conjectures”. 
 
2. The law of increasing marginal utility 
2.1 Related work 

In this paper, we focus on the proof and explanation for the law of increasing marginal utility based on 
the reality of Xifei’s amazing development. Using this law, a new development mode for companies in the 
current era based on information economics is proposed as: “Innovation → More Innovation”. This mode 
will result in a new revolution for companies’ administration. Up to the present, the law of increasing 
marginal utility is still a state-of-arts theory. 

In The Manifesto of Communism [1], K. Marx and F. Engels proposed that the bourgeoisie cannot 
exist without constantly revolutionizing the instruments of production, and thereby the relations of 
production, and with them the whole relations of society…The bourgeoisie, during its rule of scarce one 
hundred years, has created more massive and more colossal productive forces than have all preceding 
generations together. 

In Capitalism, Socialism and Democracy [2], J. Schumpeter proposed that as soon as quality 
competition and sales effort are admitted into the sacred precincts of theory, the price variable is ousted 
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from its dominant position…But in capitalist reality as distinguished from its textbook picture, it is not that 
kind of competition which counts but the competition from the new commodity, the new technology, the 
new source of supply, the new type of organization (the largest-scale unit of control for instance) – 
competition which commands a decisive cost or quality advantage and which strikes not at the margins of 
the profits and the outputs of the existing firms but at their foundations and their very lives. This kind of 
competition is as much more effective than the other as a bombardment is in comparison with forcing a 
door… 

The above propositions have explained why capitalist economy grew such rapidly, and how this 
economy machine ran automatically. In addition, they discussed how innovation plays an important role in 
the open market economy, and explained the open market economy by “innovation”. Our research, the law 
of increasing marginal utility, is actually based on K. Marks, F. Engels, and J. Schumpeter’s illustrations 
about the development miracle of the open market economy. Our research includes: (1) Combining their 
theories with the practice of enterprise’s development under the new environment of new times, new 
economy conditions, and new productive forces; (2) Their theories about enterprise’s activities under the 
conditions of the open market economy. The most important point of their theories is “innovation”. A new 
microeconomics theory, the law of increasing marginal utility, can be concluded based on a series of K. 
Marks, F. Engels, and J. Schumpeter’s theories. This new theory not only analyzes how Xinfei Corporation 
breaks through the law of diminishing marginal utility, but it also combines a new essential factor, “the 
knowledge”, with productive forces, thereby forms the law of increasing marginal utility. The development 
miracle of Xinfei Corporation is the innovation machine described in the law of increasing marginal utility, 
and the inexhaustible power source for any company’s development. 
 
2.2 The application of the law of increasing marginal utility 

The law of increasing marginal utility based on the research of Xinfei Corporation has following 
practical applications: 

(1) Design “market innovation machine” under the knowledge economy system. Make corporations 
develop based on this law. Create a new miracle of microeconomics growth. 

(2) Show the most important difference between the knowledge economic system and the other 
economic systems, i.e. forcing companies to unceasingly innovate by the pressure of market economy. The 
effect released by innovation is to break the traditional economic law of diminishing marginal utility, to 
prove the new economic law of increasing marginal utility, to create much more social wealth, and to make 
society progress rapidly. 

(3) Construct a theory system based on the law of increasing marginal utility. In the future, under the 
knowledge economy, the competition between companies will no longer focus on the price, but on the 
innovation. The mode, “compete → innovate → re-compete”, results in a miraculous economic 
development. Therefore, in other words, the knowledge economy can be considered as a kind of cyclic 
economy. And the law of increasing marginal utility for the 21st century can also be concluded as a 
growing path: “innovate, innovate, and unceasingly innovate.” 

(4) Construct a new mode for the enterprise management. The purpose of researching Xinfei 
Corporation is to research its innovation and its management mode with combining hard technology and 
soft technology together. Based on the law of increasing marginal utility, a new business management mode, 
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“21st Century Three-Color Business Management”, will be proposed. 
 
3. The fundamental of the conjecture: five research subjects and ten propositions 

We have studied Xinfei’s miraculous development, Xinfei’s road of new industrialization, and Xinfei’s 
innovative management mode and effect. But the most important point is to construct the theory system 
based on the law of the increasing marginal utility, and to prove its scientificalness and expansibility. 
Innovation is the core of this theory system. 
 
3.1 Five research subjects 

Subject 1. Research of the core of the modern innovation: The integration of the engineering 
technology and the modern business management technology. 

Subject 2. Research of the mechanism of the modern innovation – the profit-driven mechanism: the 
value of technology and business trade. 

Subject 3. Research of the business resource configuration of a company and the applicable mode of 
the innovation. It can prove the overflow effect of the innovation and the cyclic economy system. In other 
words, it is the research of the process of knowledge economy. 

Subject 4. Research of the economic effect of “the innovation machine”. This research can prove the 
relation between marginal utility and the increasing profit. 

Subject 5. Research of the development of “the innovation machine”. This research can explain the 
relation between the innovation and the business benefits. It can also be used in the process of constructing 
a harmonious society. 

 
3.2 Ten propositions for the law of increasing marginal utility 

We firstly research the knowledge economic system itself and the difference between this system and 
other economic systems, then explain the development miracle of enterprise by innovation, and solve the 
competition, the innovative change, the production innovation, the innovative spirit of entrepreneurs, the 
system of innovation, the creation of harmonious society, and the technological innovation based business 
exchange. All of these problems can be solved by the theory system of the law of increasing marginal 
utility based on following ten propositions. 

(1) The knowledge economy is the basic economy obtained by enterprise, having amazing increasing 
rate, and having the characteristic of the law of the marginal utility. It is so-called the cyclic economy. The 
cyclic economy includes four circulations: a) macroeconomics circulation, develop → innovate → 
re-develop; b) microeconomics circulation, develop → invest → re-develop; c) integrated circulation for 
production elements, integrate → select → re-integrate; d) combinational circulation for technology and 
production, product → research → re-product. 

(2) “The innovation machine” is the core of the microeconomics theory, including five parts: a) the 
value of the innovation; b) the competition of the innovation; c) the mechanism of the innovation and its 
revolution; d) the circulation and the cyclic economy based on the innovation; e) the relation between the 
innovative motivation and the innovative profit. 

(3) The “technological innovation” consistency for the personal profit and the social wealth: a) The 
overflow effect of the technological innovation; b) the relation between the technology communication and 
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the driven-based innovation; c) the exchange value of the technological innovation; d) the league and 
monopoly for the trade of the technological innovation; e) the new mode for the technological innovation 
and the investment. 

(4) The technology trading market for enterprises: a) the inner technological monopoly for an 
enterprise; b) the market value of the technology trading; c) the inner and outer effects of the technology 
trading; d) the role of market and market pressure in the technology trading. 

(5) The substitution relation between the innovative driven factor and the personal profit: a) the 
relation between the overflow effect of the innovation and the market pressure; b) the united innovative 
system consisting of the marginal utility, the total cost, and the social benefit; c) the analysis for the optimal 
model of the innovation. 

(6) The compensation for the enterprises’ competition and innovation: a) the status and function of the 
modern management technology; b) the new competition model for enterprises (the competition not for 
price; c) the environment and effect of the innovation for production and process; d) the effect of the 
successful innovation for the social welfare. 

(7) The effect of the marginal utility for “the innovation machine”: a) the mechanism for the 
compensation of the innovation’s cost; b) the relation between the innovation and the price (pressure); c) 
the marginal cost and the maximum profit; d) the cost efficiency for the continuous large scale economy; e) 
the rotating balance and the enterprise’s spiral development; f) the centralization of the innovation and the 
release of the market effect. 

(8) The core of the elements of production is the knowledge capital: a) the knowledge itself is a kind 
of capital; b) the innovation of the knowledge capital and the energy effect of the financing innovation; c) 
the function of the mechanism of the knowledge economy, i.e. the integration of price, innovation and 
information. 

(9) The optimal schedule model for enterprises. This is the second model of the law of increasing 
marginal utility, for how to choose the innovation and how to optimize the innovation: a) the structure of 
the optimal selection model; b) the effect of the optimal schedule; c) the optimal model for the combination 
of the optimal schedule model and the optimal relation. 

(10) The theory for the rules and the regulations of enterprises, which can guarantee the rapid 
development of enterprises: a) the trade-off between the rule and the efficiency of the profit; b) the trade-off 
between the innovation and the communication; c) the resource configuration of the technological 
innovation trading; d) the efficiency of assignment for the innovation and the technological communication. 
 
4. Expected research model and the business management pattern based on the innovation 

The expected results are the law of increasing marginal utility and the business management pattern 
based on this law, which consist of following contents:  

(1) the innovation of the law of increasing marginal utility;  
(2) the state-of-the-art economic theory based on this law;  
(3) the business management pattern based on the innovation, including humanism, technology and 

the innovation machine, which is so-called “Red-Blue-Green” Three-Color Business Management;  
(4) the model of the law of increasing marginal utility. 
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4.1 The description and the model of the law of increasing marginal utility 
This model is a theory for describing the economy increase, and belongs to microeconomics.  
(1) The important research of this model is the increase of economy. The input variables of the model 

are technology, human resource, and capital. The output is the increment of economy. This model shows 
the function of economic activities and economic relations.  

(2) This model is described by a differential equation. This differential equation shows the relation 
between input variables, time and some specific conditions. It illustrates the increasing property of the 
economy.  

(3) Denote input variables C, M, N and K as control variable, dynamic human variable, technology 
variable, and capital respectively. MaxV means the optimal increasing economy [3].  

(4) The mathematic model is as: , where t is time, 

and u is the basic function [4]. 

∫ ⋅⋅⋅⋅=
T

dtTtCtKtNtMuMaxV
0

])()()()([

 
4.2 “Red-Blue-Green” Three-Color Business Management 
4.2.1 Red Business Management 

The red business management considers technology as the management core, converts economic 
resources from one place with lower productivity to another place with higher productivity, and realizes the 
theory of “Technology is the first productivity”. The economy of the USA in 1990s can be considered as an 
economy for startup. Knowledge, technology and creativity are its three power sources. The purpose of 
business management is converting knowledge into wealth. Therefore, creation becomes the main 
behavioral path of technology. In other words, the “creation” is the process of the activity of red business 
management. The environment of red business management consists of six risks: risk of chance, risk of 
technology, risk of market, risk of capital, risk of management, and risk of environment. The creation can 
be divided into four stages: recognizing and estimating the technological chances in market; designing the 
creative management; creating and acquiring resources; creating business management. The four 
fundamental factors of red business management are: creator, human resource, technology, and capital.  
 
4.2.2 Blue Business Management 

Blue business management is a kind of management transforming the management of quality to the 
management of culture. Its main characteristics are:  

(1) it is a human-based business management;  
(2) it is a standard management for how people should think and behave in a specific society;  
(3) it is a management combining ideology into development of material;  
(4) it is a blue culture-based management;  
(5) it is a management to show “the law of increasing marginal utility” in knowledge economy.  
 
In one word, blue business management can release a huge effect of wealth. Its theoretical structure 

includes:  
(1) the value of an organization is the core;  
(2) the purpose is the huge profit increase;  
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(3) the main body of blue management system is intellectual resource;  
(4) the method of blue management is to enlarge people’s intelligence by innovative machines;  
(5) the basic mode of blue business management is a kind of management based on humanity. 

 
4.2.3 Green Business Management 

Green business management is to guide an enterprise to develop under a reasonable environment. The 
main functions of green business management are realizing large-scale management, diversifying contents 
of management, and guaranteeing an enterprise to safely develop. Its theoretical structure including:  

(1) creating a good environment for development; 
(2) optimizing market resources for management;  
(3) combining technology, capital and traditional management theories into a new integrated pattern 

for the modern business management;  
(4) this modern business management consists of ten innovation systems (thought innovation, rule 

innovation, stimulus innovation, dynamic innovation, production innovation, method innovation, strategy 
innovation, decision innovation, organization innovation, and technology innovation).  

(5) the new pattern and systems are the product transformation system, technological innovation 
system, management innovation system, capital innovation system, human stimulus system. 
 
5. Conclusion 

The law of increasing marginal utility and its ten propositions are considered as economic “Goldbach 
Conjectures”. They are an innovative theory of economics. Based on this theory, we can construct the 
movement of knowledge economy era, create a new Three-Color business management mode, and find a 
new path for enterprises to generate much more profit than ever before. 
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Interferon 

Interferon (IFN) was discovered as an antiviral agent during studies on virus interference [1,2]. Isaacs 
and Lindenmann first reported in 1957 that influenza virus-infected chick cells produced a secreted factor 
that mediated the transfer of a virus-resistant state active against both homologous and heterologous viruses 
[1]. This seminal observation, along with similar findings described by Nagano and Kojima in 1958 [2], set 
the stage for subsequent studies that led to the elucidation of the IFN system in exquisite detail[3]. 

The IFN system has three types of interferon. IFNs were approved as therapeutics and moved from the 
basic research laboratory to the clinic. Advances made while elucidating the IFN system contributed 
significantly in multiple areas of mammalian cell biology and biochemistry, ranging from pathways of 
signal transduction to the biochemical mechanisms of transcriptional and translational control to the 
molecular basis of viral pathogenesis. 

The system includes cells that synthesize IFN in response to an external stimulus such as viral 
infection and cells that respond to IFN by establishing an antiviral state[4,5,6]. Animal viruses are inducers of 
IFN, and are also sensitive to the antiviral actions of IFNs. Some animal viruses encode products that 
antagonize the IFN antiviral response. The IFN response represents an early host defense, one that occurs 
prior to the onset of the immune response. IFNs possess a wide range of biological activities in addition to 
the characteristic antiviral activity by which they were discovered[7]. 

Success in the basic research laboratory led to the subsequent utilization of IFNs as therapeutics in the 
clinic. Three kinds of human IFNs, IFN-α, IFN-β, and IFN-λ, have been approved for clinical use by the 
Food and Drug Administration. Diseases of known viral origin for which IFN-αspecies are most widely 
used are hepatitis C and hepatitis B (Table 1)[3].  

 

 

 
 
Tremendous progress has been made in understanding the molecular basis of the antiviral actions of 

IFN, and the strategies that viruses have evolved to antagonize these actions. The actions of IFN are 
pleiotropic and affect many biological processes in addition to the multiplication of viruses. 
 

 78

mailto:xiaomh@hayaobio.com.cn


Nature and Science, 5(3), 2007, Xiao Minghui, Fan Lihua. The Progress of IFN and the Correlation with 
Hepatitis B virus  

 
Hepatitis B virus 

Hepatitis B virus (HBV) is an enveloped virus associated with significant morbidity and mortality[8,9]. 
HBV causes both acute and chronic liver disease. 

The genome of HBV is a partially double-stranded circular 3.2 kb DNA molecule. The DNA genome 
of the virus is transcribed in the nucleus of the hepatocyte to produce the 3.5, 2.4, 2.1 and 0.7 kb viral 
transcripts [9,10]. The level of these transcripts are regulated by the enhancer 2/core promoter, the large 
surface antigen promoter, the major surface antigen promoter and the enhancer 1/X gene promoter, 
respectively [11,12,13].The 3.5 kb pregenomic HBV transcript encodes the viral polymerase and the 
nucleocapsid or core polypeptide[14]. The HBV polymerase binds to the packaging sequence (ε) in the 
pregenomic RNA and this complex is encapsidated by core polypeptides to form an immature viral 
capsid[15,16,17]. The reverse transcriptase/DNA polymerase activity of the viral polymerase converts the 
pregenomic RNA into the partially double-stranded DNA genome present in the mature capsid[18]. The 
mature capsid interacts with the surface antigen polypeptides and subsequently buds into the lumen of the 
endoplasmic reticulum as a virus particle[19,20,21]. Virions pass through the endoplasmic reticulum and Golgi 
apparatus prior to release from hepatocytes[22]. 

Infection with hepatitis B virus is a significant public health concern. Worldwide, an estimated 2 
billion people are infected with the hepatitis B virus (HBV)[23].1 A total of 350 million people have the 
chronic form of hepatitis B infection, 75% of whom live in Asia[24]. 
most acquired the disease by vertical transmission or during preschool childhood. In the absence of 
vaccination most exposed neonates and young children will be infected and become lifelong carriers 
(Fiureg 1)[25]. Chronic infection, particularly of males, is often complicated by the eventual development of 
cirrhosis and then liver failure or hepatoma. In contrast, primary exposure of adults to hepatitis B virus 
typically causes acute resolving infection with clearance of the virus (Figure 1). 
 

 
 

Chronic infection increases the risk for primary liver cancer. Endemic hepatitis B infection in Asia’s 
large population contributes to primary liver cancer’s position as the fourth leading cause of cancer death 
worldwide [26,27,28]. 
 
Interferon treatment 

Interferon treatment (5 million units three times weekly for four to six months) increases the 
conversion rate from high level to low level viral replication in up to 15-20% of patients a year. Response 
rates are enhanced by higher doses, but the safety and tolerability of high dose interferon are a concern. 

Chronic HBV infection is associated with liver cirrhosis and hepatocellular carcinoma[10,11]. A widely 
used therapeutic intervention is treatment with interferon α (IFN-α). IFN-α therapy can reduce viral 
replication and liver damage associated with viral infection.  

Until recently, interferon alfa (IFN-α)was the only drug licensed for the treatment of chronic hepatitis 
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B. Interferon treatment is intended to inhibit viral replication and to augment the clearance of virally 
infected hepatocytes. Among patients with chronic infection, about 5% a year undergo spontaneous 
conversion from a state of high level viral replication to low level replication.  

IFN-α is also generally recognized as the most important therapeutic agent in chronic hepatitis C[29]. In 
fact, normalization of alanine aminotransferase (ALT) levels and improvement in chronic liver 
inflammation and necrosis are reported in approximately 50-60% of patients. However, 50% of these 
responder patients are known to relapse at the end of therapy [30,31].  
 
Conclusion 

The use of IFN system reagents in studies of the virus host interaction, both in cell culture and in 
intact animals, continues to provide seminal contributions not only of mechanisms of viral pathogenesis but 
also of mechanisms of signal transduction and the transcriptional and translational control of 
macromolecular synthesis that is so important in many areas of mammalian cell biology and virology. The 
emergence of new tools and approaches for study of the virus-host interaction, including functional 
genomics and proteomics, together with advances in the areas of structural biology and combinatorial 
chemistry for the identification of novel molecules that affect the function of viral and cellular targets, 
should lead to further insights into the structure-function relationships for the IFN system components. 
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1. Introduction 

In 1957, Salmon and Daughaday[1] first found that IGF-1 and IGF-2 could promote the cartilage to 
absorb 35s in sulphate. They named them as sulphation factors. In 1963, Froesch[2] described them as 
NSILA1 and 2. 

In 1972, they were named as Somatomedin [3] in 1976, Rinderknecht and Humbel[4] isolated two 
active factors. They shared high degree of structural homology with insulin. They renamed them as 
insulin-like growth factor-1 and insulin-like growth factor-2 (IGF-1 and IGF-2). In 1978, Rinderknecht and 
Humbel identified the structure and characteristic of IGF-1 and IGF-2[5]. 

The IGF system is a complex network, consisting of the two IGF peptides (IGF-1 and IGF-2), two 
IGF receptors, eight well characterized IGF binding proteins (IGFBPs). In this article, we summarized the 
progress in the research of Insulin-like growth factors system.. 
 
2. Insulin-like growth factors family 

Insulin-like growth factors (IGFs) consist of IGF-1 and IGF-2. Because they have high degree 
homology to insulin, they were called insulin-like growth factors. IGF-1 has 49% homology to insulin. 
IGF-2 has 47% homology to insulin. IGF-1 has 62% homology to IGF-2 in human. The IGF system is 
extremely complex. 

IGFs have two forms[6] in serum in vivo: the protein complex, IGFs combine with IGF binding 
proteins, and the free form. IGFs can synthesize in different period and different tissues. The mainly 
resource is in liver, about 90% of total IGFs. Insulin-like growth factors play very important regulating 
roles in the cell proliferation, growth and pathogenesis of cancers with autocrine and paracrine two 
manners. They can promote cells from cell cycle G1 to S[7], and involve in the proliferation of cancer 
cells[8].  

IGF-I and IGF-II play essential roles in cell metabolism, proliferation and differentiation and to this 
extent have major effects on fetal and postnatal development and organogenesis in mammals [9,10]. 
IGFs have the same function as insulin: cellular hypertrophy. But the consequences are different. The IGFs 
enhance the cell hypertrophy is requisite for cell survival, hyperplasia, and differentiation, and insulin 
enhances cell hypertrophy primarily as a means to increase nutrient stores[11]. They have distinct roles in 
regulating nutrient utilization. They have different receptor locations. These hormones can differentially 
regulate metabolism.  

The activity IGFs is controlled by several inputs, such as energy intake, protein intake, body 
temperature, environment temperature, environment stress micronutrient[11] etc. These inputs not only 
regulate IGF secretion but also localization and circulating half-life by regulating IGFBPs levels.  
 
2.1 IGF-1 and its biological function 

Insulin-like growth factor-1 ( IGF-1) is a single-chain polypeptide with 70 amino acid. The weigh of it 
is 7649Da[12]. Human IGF-1 locates on chromosome 12,and it has five extrons. IGF-1 has four domains, 
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they are domain B,C,A and D. It has highly conservation in mammal animals. IGF-I is growth hormone 
dependent, produced by the liver and extra hepatic tissues[13] . It stimulates DNA synthesis as a progression 
factor in the cell cycle[14]. IGF-1 plays an essential role in growth, differentiation, regeneration, and 
metabolism in all vertebrates[15]. 

In vivo, IGF-1 mimics the effects of growth hormone. IGF-1 is considered to be the major 
somatomedin in humans. In cells, IGF-1 mediates either short-term, insulin-like effects, which include 
metabolic effects such as stimulation of glucose uptake, glycogen, and lipid synthesis, or long-term 
mitogenic effects such as stimulation of protein, RNA, and DNA synthesis[16]. IGF-1 promotes mesoderm, 
adipocyte, neuron, oligodendrocyte, ovary, and testicular cell differentiation. 
 
2.2 IGF-2 and its biological function 

Insulin-like growth factor-2 (IGF-2) is a protein with 67 amino acid. The weigh of it is 7471Da. 
Human IGF-1 locates on chromosome11 and close to insulin. It has nine extrons and four promoters 
(Figure 1). IGF-2 also has four domains, they are domain B,C,A and D. 

 

 
Figure 1. Insulin-like growth factor-1 (IGF-1) 

 
The main function of IGF-2 in humans is not clear. In rodents, IGF-2 may function as a fetal growth 

factor; the levels of IGF-2 in fetal rat plasma are high and decline after birth[17]. IGF-2 values in adults are 
about four times higher than those of IGF-I[18]. 

The secretion of IGF-2 is usually high in the fetus. The concentration of IGF-2 will decline to 
different degrees after birth. It is synthesized primarily by the liver, but it is also produced locally by many 
tissues, where it acts an autocrine or paracrine manner.  

IGF-2 stimulates glycogenesis in 18-day-old fetal hepatocytes cultured in the presence of 
glucocorticoids and this stimulation is regulated by secreted IGFBPs, especially IGFBP-1, which is the 
predominant IGFBP secreted by these cells[19] 

Recently, the researches on IGF-2 are related to its imprinted gene. Genomic imprinting is a method 
of gene regulation whereby a gene is expressed in a parent-of-origin dependent fashion[20]. Paternally 
expressed IGF-2 encodes for a critical fetal mitogen, and mice deficient in this growth factor have a dwarf 
phenotype 
    IGF-2 and H19 (Figure 2) are closely linked imprinted genes lying at the centromeric end of a 1Mb 
imprinted domain on mouse chromosome7[21]. They are expressed only from the paternal and the maternal 
allele, respectively. 
 

 
Figure 2. Insulin-like growth factor-2 (IGF-2) 

 
3. Insulin-like growth factor binding proteins 

In biological fluids, IGFs are normally bound to specific binding proteins, insulin –like growth factor 
binding proteins, IGFBPs[22]. They are belong to a structurally related secreted proteins family which has 8 
members. IGFBPs specifically bind IGFs and modulate IGF bioactivity in different tissue[23]. They have 
two mechanisms: inhibitory mechanism and enhancing mechanism. 

The IGFBPs deliver the IGFs to the cell surface, endowing the capability to IGF activity. IGFBPs and 
IGFs adhere to cell surfaces, their affinity drops and IGFs are released. The concentration of free IGFs 
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increased on the cell surface. It increases the potential for the cativation of IGF receptors and then 
expedites IGF activity.  

Recently, multivalent cations were found [24] to control the adherence of IGFBP to cell surfaces. Both 
Zn2+ and La3+ (but not Mn2+) retain specific IGFBP on cell surfaces: IGFBP-3 on human GM-10 
fibroblasts, IGFBP-3 on bovine MDBK kidney epithelial cells [24]. Zn2+ is also an important cation that 
controls IGFs access to cell. Some researches showed that the growth rate would decrease during Zn 
deficiency[25]. 

IGFBP-1, 25 to 34 kDa, is growth hormone-independent. It is the most important binding protein in 
amniotic fluid. Hepatic IGFBP-1 expression increases with stage of development, with a peak around 
birth[26], and is strongly enhanced in the presence of glucocorticoids[27]. IGFBP-1 is expressed largely in the 
liver and endometrium, suggesting that it plays some specific role in each organ [28.29]. 

IGFBP-2 , 32 to 34 kDa, is present in human cerebrospinal fluid, seminal plasma and lymph, in rat 
amniotic and cerebrospinal fluid.  

The ability of IGFBP-1 and IGFBP-2 to expedite IGF activity requires a serum-derived factor [30]. The 
ability to expedite activity was directly related to the ability of these IGFBP to adhere to cell surfaces[30.31] . 
IGF-binding protein-2 was the predominant binding protein secreted by neonatal rat vascular smooth 
muscle cells. The predominant expression of IGFBP-2 in vascular smooth muscle cells from neonatal rats 
suggests that this protein may play a role in the development or growth of the vasculature and is consistent 
with the observation that IGFBP-2 is a major binding protein in fetal serum and fetal brain [32]. Generalized 
overexpression of IGFBP-2 in transgenic mice results in a 10–13% reduction of total body weight in adult 
animals[33]. 

IGFBP-3, 53kDa，is the most important binding protein. binds to IGF-1 or -2 with high affinity, can 
function as an inhibitor or activator of IGF-1 stimulated DNA synthesis. IGFBP-3 is a dominant binding 
protein in the blood in 40 times higher concentration than IGFBP-1 and with higher affinity to IGF-1. The 
majority of circulatory IGF-1 is bound to IGFBP-3[34]. Pioneer work by Harel and co-workers suggested 
that IGFBP-3 was also capable of inhibiting cell growth independently of its binding to IGFs [35]. 

IGF-binding protein-4 was most prevalent in adult vascular smooth muscle cells coincident with 
increased IGF-binding protein-4 protease activity[36]. 

IGFBP-5, 23 kDa, was purified by Andress and Birnbaum[37] from human osteoblast-derived culture. 
It stimulates osteoblast mitogenesis.  

IGFBP-6, 30 to 32 kDa, was isolated from the human cerebrospinal fluid. It has high affinity to IGF-2 
to IGF-1 about 10 times.  
     IGFBP-7,-8 have no affinity to IGFs, but have high affinity to insulin.  
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Abstract: Gene therapy can be defined as the deliberate transfer of DNA for therapeutic purposes. The 
scientific objective of this study is to improve the gene transfer by laser method: (1) To develop the gene 
transfection system using laser beams.  (2) To test the energy-transformation relationship between laser 
energy and gene transfer. (3) To make test the time-transformation relationship between laser time 
accumulation and gene transfer. (4) To get influence of laser on the cells after gene transfer. (5) To transfer 
genes into cells with laser method. (6) To transfer genes into worms in vivo. (7) To transfer genes into 
animal bodies in vivo. (8) Clinical trial to the gene therapy. [Nature and Science. 2007;5(3):87-90]. (ISSN: 
1545-0740). 
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1. Introduction  

Gene therapy has reached a crossroads during the past years (Matsui, 2003). Gene therapy can be 
defined as the deliberate transfer of DNA for therapeutic purposes. There is a further implication in that it 
involves only specific sequences containing relevant genetic information. Transplantation procedures 
involving bone marrow, kidney and liver are not considered a form of gene therapy. The concept of transfer 
of genetic information as a practical clinical tool arose from the gene cloning technology developed during 
the 1970s (Bechtel, 1979). Without the ability to isolate and replicate defined genetic sequences it would be 
impossible to produce purified material for clinical use. The drive for the practical application of this 
technology came from the biotechnology industry, with its quest for complex human biomolecules 
produced by recombinant techniques in bacterial. Within a decade, pharmaceutical-grade insulin, interferon, 
interleukin-2 (IL-2) and tumor necrosis factor (TNF) were all undergoing clinical trials. The next step was 
to obtain gene expression in vivo. Genetic disorders were the obvious first target for such therapies. 
Abortive attempts were made in the early 1980s to treat two patients with thalassaemia (Temple, 1982). 
These experiments were surrounded by controversy as the pre-clinical evidence of effectiveness was not 
adequate and full ethical approval had not been given. For the features of a suitable target disease for gene 
therapy approaches, certain factors should be considered. The disease must be life-threatening so that the 
potential risk of serous side-effects is ethically acceptable. The gene must be must be available and its 
delivery to the relevant tissue feasible. This may involve the ex vivo transfection or transduction of cells 
removed from a patient, which are returned after maniputation. This approach is only possible with a 
limited range of tissues and most trials so far have used bone marrow. Ideally, a short-tern surrogate end-
point to demonstrate the physiological benefit of the newly inserted gene should be available. The electrical 
conductance change in the nasal epithelium after insertion of the cystic fibrosis trans-membrane regulator 
gene is a good example. Finally, there must be some possibility that the disability caused by a disease is 
reversible. Some of the tragic mental and physical handicaps caused by some genetic metabolic disorders 
may never be improved by somatic gene therapy, however successful a gene transfer protocol. Gene 
transfer is one of the key factors in gene therapy. In this project, we will use gene gun as the tool to transfer 
human insulin gene into schistosoma, and consider calcium phosphate coprecipitation, laser gene transfer, 
etc. as the potential candidates.  

Much interest has been shown in the use of lasers for nonviral targeted gene transfer, since the spatial 
characteristics of laser light are quite well defined (Ogura, 2004).  

Shirahata et al made a small hole in a cell membrane by pulse laser irradiation to help a gene contained 
in a medium to be transferred into the cytoplasm through the hole. This hole disappears immediately with 
the application of laser irradiation of the appropriate power (Shirahata, 2001).  
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2. Research Design and Methods  

Several techniques are currently used to transfer genes into various cells, tissues and organs. Although 
gene therapy is a potential therapeutic approach for arterial restenosis and angiogenesis, the efficiency of 
transfection is low regardless of the technique used. To transfer gene efficiently, a novel method laser 
radiation on gene transfection will be studied in this project. Pulse-wave Nd:YAG laser, Ho:YAG laser, 
UV excimer laser will be used.  
 

(1) Cell culture: Mouse heart smooth muscle cells will be primarily cultured with a standard technique.  
(2) Schistosome: Schistosome will be raised for gene transfection.  
(3) Mouse: 100 mice will be housed for the gene transfection.  
(4) Gene used: Gene with fluerescence label will be used in the project.  
(5) Gene transfection: Gene transfection will be done using laser beam.  

 
As other potential candidate, calcium phosphate coprecipitation method will be considered (Sambrook, 

1989; Frederick, 1992; Ausubel, 1992):  
 
(1) Growth of E. coli:  

Dissolve E. coli in 0.3 ml LB plus tetracycline (2 mg/ml) medium, transfer it into a tube containing 5 
ml LB plus tetracycline (2 mg/ml) medium, 37oC overnight, then freeze the E. coli (amplify in several 
tubes before freeze to get more samples).  

 
(2) Harvesting E. coli:  

A.  Streak an inoculum across one side of a plate using sterile technique. Resterilize an inoculating 
loop and streak a sample from the first streak across a fresh part of the plate, then incubate at 37oC 
until colonies appear (overnight).  

B.  Transfer a single bacterial colony into 2 ml of LB medium containing tetracycline (2 mg/ml) in a 
loosely capped 15-ml tube. 37oC overnight with vigorous shaking. 

C.  Pour 1.5 ml of the culture into a microfuge tube. Centrifuge at 12,000g for 30 seconds at 4oC in a 
microfuge. Store the remainder of the culture at 4oC. 

D.  Remove the medium by aspiration. 
 

(3)   Lysis of E. coli:  
A.  Resuspend E. coli pellet in 100 µl of ice-cold Solution I (50 mM glucose, 25 mM Tris-Cl, pH 8.0, 

10 mM EDTA, pH 8.0) 
B.  Add 200 µl of freshly prepared Solution II (0.2 N NaOH, 1% SDS), inverting the tube rapidly 5 

times. Do not vortex. Store at 4oC.  
C.  Add 150 µl ice-cold Solution III (5 M potassium acetate 60 ml, glacial acetic acid 11.5 ml, H2O 

28.5 ml), gently vortex, store on ice for 3-5 min.  
D.  Centrifuge at 12,000g for 5 min, 4oC. Transfer the supernatant to a fresh tube. 
E.  Add 2 volumes of ethanol, Mix by vortex, keep at room temperature for 2 min. 
F.  Centrifuge at 12,000g for 5 min at 4oC. 
G.  Remove supernatant and any drops of fluid adhering to the walls of the tube. 
H.  Rinse the pellet of DNA with 1 ml of 70% ethanol at 4oC, then remove supernatant and any drops 

of fluid adhering to the walls of the tube. 
I.  Redissolve the DNA in 50 µl of TE (pH 8.0) containing DNAase-free pancreatic RNAase (20 

µg/ml). Vortex briefly. Store at 20oC.  
 

(4) Purification of plasmid:  
A.  Transfer the DNA solution to a 15-ml Corex tube, and add 3 ml of an ice-cold solution of 5 M 

LiCl. Mix well, and then centrifuge at 10,000 rpm for 10 min at 4oC. 
B.  Transfer the supernatant to a fresh 30-ml Corex tube. Add an equal volume of isopropanol. Mix 

well. Recover the precipitated DNA by centrifugation at 10,000 rpm for 10 min at room 
temperature. 
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C.  Decant supernatant carefully, and invert the open tube to allow the last drops of supernatant to 

drain away. Rinse the pellet and the walls of the tube with 7% ethanol at room temperature. Drain 
off the ethanol entirely. 

D.  Dissolve the pellet in 500 µl of TE (pH 8.0) containing DNAase-free pancreatic RNAase (20 
µg/ml). Transfer the solution to a microfuge and store at room temperature for 30 min.  

E.  Add 500 µl of 1.6 M NaCl containing 13% (w/v) polythylene glycol (PEG 800). Mix well. 
Recover the plasmid DNA by centrifugation at 12,000g for 5 min at 4oC. 

F.  Remove supernatant. Dissolve the pellet of plasmid DNA in 400 µl of TE (pH 8.0). Extract the 
solution once with phenol, once with phenol:chloroform, and once with chloroform. 

G.  Transfer the aqueous phase to a fresh microfuge tube. Add 100 µl of 10 M ammonium acetate, and 
mix well. Add 2 volumes (∼1 ml) of ethanol, and store at room temperature for 10 min. Recover 
the precipitated plasmid DNA by centrifugation at 12,000g for 5 min at 4oC. 

H.  Remove the supernatant. Add 200 µl of 70% ethanol at 4oC. Vortex briefly, and then centrifuge at 
12,000g for 2 min at 4oC. 

I.  Remove the supernatant, and store the open tube on the bench until the last visible traces of 
ethanol have been evaporated. 

J.  Dissolve the pellet in 500 µl of TE buffer (pH 8.0). Measure the OD260 nm of a 1:100 dilution (in 
TE, pH 8.0) of the solution. Calculate the concentration of the plasmid DNA: 1 OD260 nm = 50 µg 
of plasmid DNA/ml. Store the DNA in aliquots at -20oC. 

 
(5) Transfer human insulin gene into schistosoma: 

A.  Gene gun method will be used in the gene transfer. 
B.  Detect: 12-48 hours after the addition of plasmid, measure the amount of human insulin product 

with ELISA. The primary antibody used in ELISA is specific active to swine hormone.  
 

(6) Select the male worms with positive human insulin gene.  
 
(7) Infect the male schistosoma transferred with schistosoma into human body. 
 
3. Results  

(1) Increased Temperature Enhanced Gene Transfer  
The heated cultured human aorta smooth muscle cells had a significantly higher expression of the 

transfected swine growth hormone gene (Ma, 2004a). Incubated the swine growth hormone gene and 
human smooth muscle cells under the different incubation temperature of 23oC, 37oC and 43oC, the 
transfection increased with the temperature elevation (p<0.01). The greatest effects occurred within 10 min 
of incubation and persisted up to 30 min. In another experiment, we got the same result to transfer human 
interleukin-2 gene into cultured rat myocytes (Ma, 2004b). The results suggest that even a few degrees of 
ambient temperature rise can significantly increase gene transfer into cells. This may be of value when 
using gene therapy with transfection procedures.  

 
(2) Laser Enhanced Gene Transfer  
UV excimer laser (XeCl2, 308 nm excimer laser, Spectranetics CVS-300TM, Spectranetics, Colorado 

Springs, CO) was done with a 2.0 mm diameter optical fibers. Human aorta smooth muscle cells were 
cultured in F12K medium containing 2 mM glutamine, 10 mM HEPES, 10 mM TES, 50 ng/ml ascorbic 
acid, 10 µg/ml insulin, 10 µg/ml transferrin, 10 ng/ml sodium selenite and 30 µg/ml endothelial cell growth 
supplement, FBS 10% (Gibco BRL Life Technologies, Inc., Grand Island, NY, USA). Gene labeled with 
anti-amphiline mutation was used. The results showed that laser enhanced the gene transfer. 
 
4. Discussions 

Several techniques are currently used to transfer genes into culture cells and into various tissues 
and organs. These include electroporation, lipofection, calcium phosphate coprecipitation and DEAE-
dextran, etc. Although gene therapy is a potential therapeutic approach for arterial restenosis following 
angioplasty, the efficiency of transfection is low regardless of the vector used. In our primary report it 
showed that when cultured human aorta smooth muscle cells and endothelial cells and perfused rat aorta 
artery in a chamber are heated at 45oC or 50oC for up to 1 or 2 hours, transient transfection by calcium 
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phosphate coprecipitation of a plasmid expressing human growth hormone is enhanced. Transfection of 
human interleukin-2 gene and swine growth hormone gene into the human smooth muscle cells and rat 
artery are also enhanced by heating. The results of our study suggest that the relatively low efficiency of 
gene transfer into tissues for therapy might be increased by short periods of heating during transfection (Ma, 
2004a; Ma, 2004b). Also, the gene gun could be a effective technique to practice gene transfer.  
 
5. Summary 

The scientific objective of this study is to improve the gene transfer by laser method.  
(1) To develop the gene transfection system using laser beams.   
(2) To test the energy-transformation relationship between laser energy and gene transfer. 
(3) To make test the time-transformation relationship between laser time accumulation and gene 

transfer. 
(4) To get influence of laser on the cells after gene transfer. 
(5) To transfer genes into cells with laser method. 
(6) To transfer genes into worms in vivo. 
(7) To transfer genes into animal bodies in vivo.   
(8) Clinical trial to the gene therapy. 
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