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Abstract 
The advent of a novel avian origin H7N9 emerged in China in March 2013 is of major health con-
cern, as it has little virulence in birds but can cause severe illness and death in humans. As people 
continue to get infected by this new virus in 2014, we need to understand the current status and 
trend of its evolution at the end of year 2014. The influenza viruses have two surface proteins, 
haemagglutinin (HA) and neuraminidase (NA), which are involved in viral entry into and egress 
from the host cells respectively. In a previous study published in May 2013, we found that the HA 
protein of this new human H7N9 virus was able to preferentially bind to the avian type receptors 
as its primary binding and human type receptors as its secondary, which was confirmed by several 
web lab experiments a few months later in 2013. The current study examined the binding prefe-
rence of human H7N9 again trying to uncover any change in the HA binding properties as this vi-
rus ran its course from 2013 to 2014. Our analysis concluded that the HA binding patterns of this 
novel virus were stable and similar to avian H7N9 in Asia and in Europe until August 2013, but af-
ter that time the virus gradually started to change and exhibit enhanced binding features of avian 
H7N9 in North America. Further investigation of the observed change identified a few positions in 
HA that could be potentially important for distinguishing the HA sequences of human H7N9 in 
China collected before and after August 2013. As a result, we discovered a single amino acid subs-
titution R47K in HA that was believed to be the primary cause for this shift of binding patterns. 
Finally, our findings also implied that the human infections with H7N9 in China in 2013 were more 
likely caused by chickens than by ducks. 

 
Keywords 
H7N9, Influenza, Receptor Binding Specificity, HA Gene 

 

http://www.scirp.org/journal/ns
http://dx.doi.org/10.4236/ns.2015.72007
http://dx.doi.org/10.4236/ns.2015.72007
http://www.scirp.org
mailto:wei.hu@houghton.edu
http://creativecommons.org/licenses/by/4.0/


W. Hu 
 

 
66 

1. Introduction 
The emergence of new influenza viruses is a constant public health concern. In March 2013, a novel avian origin 
H7N9 virus was discovered in China that can infect humans and cause death. This novel H7N9 strain is the first 
H7 subtype discovered in Asia that is transmittable from birds to humans. A typical pathway of such infection is 
from migratory birds to domestic ducks, to chickens, then possibly to humans. In general, however, avian H7N9 
is considered as low pathogenic, which makes it difficult for detection and control as birds infected by this virus 
may show no symptom at all. The World Health Organization updated as of 21 November 2014 that from 14 to 
20 November 2014, 3 new cases of human H7H9 infection were reported from China in the western pacific re-
gion [1]. The fact that people in China continue to get infected by this new virus raises concerns about its ability 
to transmit in the human population and reminds us of the urgent need to know what is happening inside this vi-
rus today.  

The eight gene segments of this new human H7N9 virus come from different avianinfluenza viruses through a 
sequence of events that could have involved mixing between wild and domestic ducks and reassortment in poul-
try. Two of the glycoproteins comprising the exterior structure of influenza viruses are haemagglutinin (HA) and 
neuraminidase (NA). Further, the HA protein has two subunits: HA1 subunit (globular head domain) and HA2 
subunit (stem domain).  

The HA protein is involved in the initial viral attachment and binding to a host cell. After infection the virus 
uses the host cell’s reproduction machinery to multiply and eventually exit the cell through the help of NA pro-
tein which results in death of the host cell. The functions of these two proteins are complementary, i.e., the HA 
protein is to bind receptors on a host cell whereas NA is to destroy the receptors to enable progeny escape from 
the infected cell. Thus, a balance between HA and NA needs to be maintained. Moreover, an overactive NA ac-
tivity could be detrimental to virus survival by destroying receptors on uninfected cells necessary for HA to 
bind.  

The receptor binding affinity of a virus can determine what host can be infected because the first step of in-
fluenza infection is HA binding to receptors found on the host cell surface. Receptor binding properties are also 
critical for pathogenicity. One of the biological traits required for avian viruses to cross the species barrier to in-
fect humans is the change of their HA binding preference. Avian and human viruses typically have a different 
receptor binding preference and only few amino acid changes in the HA protein could cause a switch from avian 
to human receptor specificity. This difference in receptor binding accounts for the reduced ability of avian 
strains to establish infections in humans.  

The HA gene of human H7N9 is related to avian H7N3 viruses circulating in China prior to 2013, while the 
NA protein is similar to that of avian H11N9 and H2N9 from migratory birds, both of which are derived from 
the Eurasian lineage of avian viruses [2] [3]. We evaluated the HA binding of this new virus right after its ad-
vent in China in March 2013. Our findings published in May 2013 [4] suggested that the primary binding avidity 
of this virus is to avian types of receptors and its secondary binding is to human types, which were later verified 
by several wet lab experiments using glycan arrays, virus histochemistry, animal models, and structural analyses 
of HA [5]-[11].  

The interesting part of the work in [7] is that they noticed a subtle difference in HA binding studies using a 
whole virus or just the HA protein alone, as the HA binding is influenced by the NA protein, which preferen-
tially cleaves avian type receptors. Having dual binding to human and avian type receptors makes the new H7N9 
virus different from avian H5N1, which bounds more strongly to avian receptors. This may be one reason why 
this virus is able to cause so many human infections quickly. 

The purpose of the current study was to apply the methodology developed in [4] [12] [13] to examine any 
change in the HA binding of human H7N9 in China when it ran its course of evolution and adaptation in human 
population from 2013 to 2014.  

2. Materials and Methods 
2.1. Sequence Data 
We downloaded the HA protein sequences of human and avian H7N9 in China and other regions from the 
Global Initiative on Sharing Avian Influenza Data (GISAID) database (http://platform.gisaid.org). 

http://platform.gisaid.org/
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2.2. Informational Spectrum Method 
The informational spectrum method (ISM) is a bioinformatics approach to analyze protein sequences [3] [4] [12]. 
The main idea of this method is to apply Discrete Fourier Transform (DFT) to protein sequences that are 
represented as letters for amino acids. Therefore, before DFT can be used the protein sequences have to be 
transformed into numerical sequences based on electron-ion interaction potential (EIIP) of each amino acid. 
Then the resulting DFT coefficients are employed to produce the energy density spectrum. The informational 
spectrum (IS) comprises the frequencies and the amplitudes of this energy density spectrum. According to the 
ISM theory, the peak frequencies of IS of a protein sequence reflect its biological or biochemical functions. The 
ISM was successfully applied to quantify the effects of HA mutations on the receptor binding preference in [14] 
[16]. 

In [14] [15] ISM was applied to study the novel H7N9 of avian origin in China in 2013, which discovered that 
the primary IS frequency is F(0.285) for avian receptor binding and the secondary is F(0.326) for human recep-
tor binding. We also demonstrated that human H7N9 and avian H7N9 in China in 2013 share the same HA re-
ceptor binding properties. Furthermore, mutations that could alter the HA binding preference of this new virus 
were also found and analyzed.  

3. Results 
The present study aimed to investigate the possible change in HA binding affinity of human H7N9 as it ran its 
course from 2013 to 2014. In order to shed light on any change in the receptor binding specificity of human 
H7N9 in China from 2013 to 2014, we compared this virus with its avian counterpart: avian H7N9 in Asia 
(chicken and duck), avian H7N9 in Europe, and in North America. First, the IS amplitudes at top four frequen-
cies of human H7N9 in China were plotted in order of their collection dates (Figure 1), though not every se-
quence had a collection date or even a month in our whole dataset.  

Our ISM analysis clearly indicated that these four IS amplitudes of human H7N9 in China remained stable 
until August 2013, after which they started to oscillate. The third and fourth IS amplitudes were increasing after 
August 2013 with the third increased more than the fourth. To investigate the meaning of this frequency 
F(0.166), we included HAs from avian H7N9 from different continents. It turned out that F(0.166) was the pri-
mary IS frequency for avian H7N9 in North America. For chicken HA sequences in Asia, we only had those 
from China, with none from other Asian countries. Unfortunately we did not have the chicken HA sequences in 
China after July 1 2013. Otherwise it would be interesting to see any HA binding changes in chicken population 
after this time.  

It is commonly believed that a typical infection pathway of avian influenza viruses is from wild aquatic birds 
to domestic ducks, to chickens, and then maybe finally to humans. We analyzed the HAs of avian H7N9 in Asia 
grouped by duck and chicken, which demonstrated that the HA bindings of chicken H7N9 in Asia were closer to 
human H7N9 in China emerged in 2013 than to duck H7N9 in Asia (Figure 1). This also implied that the source 
of human infections with H7N9 in China in 2013 was more likely from chickens than from ducks. Further, the 
HA binding properties of avian H7N9 in Asia are closer to those in Europe than in North America (Figure 1).  

To reveal any amino acid change in HA1 that might cause the observed change in HA binding of human 
H7N9 in China, we used Random Forest to find the important residues in HA that were critical for differentiat-
ing the HA1 sequences between before and after August 2013 (Figure 2). Next we wanted to find out, among 
these positions in HA1, any amino acid substitutions capable of enhancing the HA binding of human H7N9 at 
F(0.166). One consensus sequence was generated for the HA sequences before August 2013 and one for those 
after. Surprisingly, these two consensus sequences only differed in HA1 at residue 47 with the first consensus 
carrying 47R and the second 47K. The IS plots of these two consensus sequences demonstrated that the substitu-
tion R47K could increase the IS amplitude of human H7N9 at F(0.166) (Figure 3), the primary binding fre-
quency of avian H7N9 in North America (Figure 1). Further sequence examination showed that the HA se-
quences of both avian H7N9 in Europe and in North America carried47R, and the first collected HA sequence 
containing 47K in avian H7N9 in Asia was A/wild bird/Korea/A3/11 (H7N9), suggesting the substitution R47K 
was a feature of H7N9 in Asia.  

4. Conclusions 
The novel human H7N9 discovered in March 2013 in China continue to infect people in 2014. Compared to  
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Figure 1. IS of human and avian H7N9 in difference regions (All the sequences were ordered by collection dates. However, 
not all the sequences had a collection date, so some of them only had year or year and month).                           
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Figure 2. Top important positions in HA1 that could be used to differentiate the HA sequences of human 
H7N9 in China collected before and after August 2013.                                                   

 

  
Figure 3. IS of consensus HA sequences of human H7N9 in China before or after August 2013 to show the impact of subs-
titution R47K on the IS at F(0.166) as the two consensuses differed only at residue 47.                                  
 
other avian influenza viruses, this H7N9 virus exhibits its ability to transmit from birds to humans more readily. 
This new virus shows low pathogenicity in birds but human infections can be deadly. Thus, it is of great impor-
tance to understand the extent to which the current H7N9 virus has evolved to acquire capabilities for transmis-
sion among humans. The HA protein allows influenza viruses to attach to receptors on host cells. After they get 
inside and replicate, the NA protein helps the new viruses to exit and find new cells to infect. Therefore, the re-
ceptor binding preference of HA is critical for viral replication and transmission.  

The change of binding specificity from avian type receptors to human type receptors is thought to be a prere-
quisite for an avian virus to infect humans. The human H7N9 virus has dual binding to avian and human recep-
tors, which makes it more readily to infect humans than other avian strains such as H5N1. This study took a 
closer look at this virus at the end of year 2014, more specifically its HA receptor binding preference. Our anal-
ysis revealed that the HA binding patterns of human H7N9 were stable and similar to its counterparts, avian 
H7N9 in Asian and in Europe, from March 2013 to August 2013, but after August 2013, they started to oscillate 
and exhibit enhanced binding patterns of avian H7N9 in North America. The uncovered change in the HA bind-
ing properties of this new virus was further explored by identification of the important resides in HA to differen-
tiate the HA sequences of this virus collected before August 2013 and after. As a result, a single amino acid 
substitution R47K in HA was identified that might be responsible for this change in HA binding properties of 
human H7N9. We also found that the HA binding patterns of human H7N9 were closer to chicken H7N9 than to 
duck H7N9 in China.  
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Abstract 
Ou MC decrescendo phenomenon (OuDP) is induced by interaction between human bilateral fea-
tures and has shown to alleviate or cure infectious and non-infectious diseases. The resolution of 
non-infectious conditions with OuDP indicates to be consistent with restoration of normal tissue 
function (AJEM, 2012; Proc Physiol Soc, 2014). Ou MC handing remedy (HR) was utilized to induce 
OuDP by applying the hand to the contralateral body. Four female patients received self-adminis- 
tered HR separately for their diseases: 1) uterine endometrioid carcinoma stage IIIB, 2) suspicious 
pancreatic cancer in stage IA with isodense pancreatic nodule, elevated CA199 and dilated tor-
tuous main pancreatic duct, 3) uterine leiomyosarcoma stage IB, and 4) suspicious gluteal metas-
tatic lesion of chronic myelogenous leukemia. The treatments with HR showed to suppress or 
ameliorate oncologic changes for these patients: 1) The uterine endometrioid carcinoma regressed 
from stage IIIB to IA with 5 months treatment. 2) The pancreatic isodense lesion decreased from 
1.6 × 1.7 to 1.0 × 1.0 cm in size with CA199 descending from 1090.0 to 136.5 (Unit/ml) associating 
with the main pancreatic duct diameter decreasing from 0.39 to 0.14 cm with tortuosity disap-
pearance after 4 months treatment. 3) The frequent profuse bleeding by uterine leiomyosarcoma 
prominently decreased immediately with HR and subsequent HR was also effective at minimizing 
heavy uterine bleeding in the 3 weeks treatment. 4) The gluteal macular lesion of the case with 
chronic myelogenous leukemia was eliminated with 2 weeks treatment. It reveals OuDP may nor- 
malize the tumor cells and microenvironment function, which makes tumor cells conform to the  
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regulations with apoptosis, metastasis suppression, preventing uninhibited proliferation, mini-
mizing angiogenesis and supervision by host immunological systems. These findings warrant fur-
ther investigation. 

 
Keywords 
Cancer Regression, Ou MC Decrescendo Phenomenon, Normalization of Tissue Function,  
Microenvironment, Apoptosis 

 
 

1. Introduction 
Our knowledge of cancer biology has led to many frontiers of cancer prevention, early detection, and treatment; 
nonetheless, modern cancer treatment is yet inefficient in comparison to other specific managements for exam-
ple, antibiotics for infectious diseases [1] [2]. If cancer metastasis occurs, conventional cancer treatments as 
surgery, chemotherapy, and radiation therapy are generally incompetent and may eventually lead to patient 
death with severe complications. Recently-developed targeted treatments such as growth-signal inhibition, an-
giogenesis inhibition, and apoptosis induction pose fewer complications than conventional cancer treatments. 
Nonetheless, targeted cancer treatments may fail for targeted therapeutic agents usually inhibit key pathways in 
a tumor but can not completely cease malignant behavior of tumors or the resistance to targeted therapeutic 
agents may develop with tumor cells [2] [3]. Hormonal or biological response modifiers treatments also cause 
fewer side effects but also usually become ineffective if cancer resistance evolves [4] [5]. More frontiers against 
cancer are indicated to improve the capacity for cancer treatment. 

The formation of a clinically-relevant tumor requires support from the surrounding stroma which also is referred 
to as the tumor microenvironment. Recent studies show that bidirectional interaction between tumor cells and mi-
croenvironment is essential for oncogenesis, tumor growth, and metastasis. Thus, many cellular and molecular 
elements of the tumor microenvironment are emerging as attractive targets for therapeutic strategies [6]. The way 
to normalize tumor microenvironment may be helpful to suppress tumor growth or extirpate cancer cells. 

Ou MC decrescendo phenomenon (OuDP) is induced by the interaction between human bilateral symmetrical 
features [7] [8]. It has shown to be capable of normalizing tissue function, which has caused resolution of joint 
pain, soft tissue edema, constipation and organ dysfunction in recent studies. OuDP has also shown to be effec-
tive for patients with warts through long-term treatment [9] [10]. In this study, we further observe the effect of 
OuDP on cancer. 

2. Methods 
2.1. Subjects 
From 2011 to 2014, four female patients separately with uterine endometrioid carcinoma, pancreatic isodense 
lesion, uterine leiomyosarcoma, and chronic myelogenous leukemia (CML) with gluteal macular cutaneous le-
sion performed self-administered HR (Table 1). The case with uterine leiomyosarcoma was treated with oral 
ergonovine maleate (Johnson Chemical, New Taipei City, Taiwan) and tranexamic acid (Standard Chem & 
Pharm, Tainan, Taiwan) for the initial 5 days of the 3 weeks HR treatment while the patient with CML was 
treated with Glivec (Novaris, East Hanover, NJ, USA). These 2 cases were reported in a previous study and 
were included for an in-depth observation of OuDP’s effect on human cancer [9]. The other 2 patients have not 
received other treatments. 

2.2. Ou MC Decrescendo Phenomenon Technique 
Ou MC handing remedy (HR) was performed to induce OuDP. The performance of HR is shown in Figure 1 
and Table 2. The patient or therapist places the contralateral hand directly on the affected area (Figure 1). No fur-
ther hand movement is required. For lesions on or adjoining the midline of the body, the HR is applied to one 
side of the lesion then to the other (Figure 1(B1-B3)). The amount of pressure is commensurate with the depth 
of the lesion (Figure 1(C1-C3)). Multiple fingers or the back of hand can be used if the palm cannot reach  
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Table 1. The effect of Ou MC decrescendo phenomenona.                                                        

Case Disease Age Diagnosis 
Ou MC handing remedy (HR) 

Short term effect Long term effect 
Duration Method 

1 

Uterine  
endometrioid 

cancer,  
stage IIIB 

49 Pathology 5 
months 

Press hand on bilateral lower 
abdomen and perineum in 
first 2 months; then, press 
hand deeply into bilateral 
pelvis and press hand on 
bilateral perineum and 

whole abdomen occasional-
ly. 

Heavy uterine 
bleeding diminishing 

to trace and never 
recurred up to date. 

a. Slow tumor regression  
for first 2 months. 

b. Stage IIIB regressing  
to stage IA  

in the next 3 months. 

2 

Suspicious  
pancreatic  
cancer IA  

with isodense 
lesion in  

pancreatic tail 

51 Radiology 4 
months 

Press hand deeply into  
epigastric area bilaterally 

and occasionally on bilateral 
costovertebral angles and 

whole abdomen. 

Not observed. 

a. Lesion size decreasing 
from 1.6 × 1.7 to  

1.0 × 1.0 cm. 
b. Main pancreatic duct 

diameter decreasing  
from 0.39 cm to 0.14 cm. 

c. CA 199 descending  
from 1090 to 136.5 

(Unit/ml). CA 125 from 
50.2 to 25.4 (Unit/ml). 

3 
Uterine  

leiomyosarcoma, 
stage IB 

59 Pathology 3 weeks Press hand on  
bilateral lower abdomen. 

Stopping active 
uterine bleeding 

immediately. 

Trace uterine bleeding  
with following HR. 

4 Perineal macular 
lesion with CML 39 Inspection 2 weeks Place finger directly  

on the lesion. Not observed. Lesion resolved. 

aOu decrescendo phenomenon is induced by Ou MC handing remedy; CML, chronic myelogenous leukemia. 
 

 
Figure 1. Schematic of the Ou MC handing remedy (HR) technique. The HR was performed by placing the contralateral 
hand on the affected area (A1-A3). For lesions on or adjoining the midline of the body, the HR is applied to one side of 
the lesion then to the other (B1-B3). The amount of pressure is commensurate with the depth of the lesion (C1-C3). Mul-
tiple fingers or the back of hand can be used if the palm cannot reach the affected area (A3-C3). For skin lesions, the palm 
may be kept about 0.5 cm over the lesion without touching the skin (A2).  = lesion. (From Ou MC et al. 2014; Ref. 
[9] [10]).                                                                                           
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the affected area (Figure 1(A3), Figure 1(B3), and Figure 1(C3)). For skin lesions, the palm may be kept ap-
proximately 0.5 cm above the lesion without touching the skin (Figure 1(A2)), which is detailed in Table 2 [9] 
[10]. All the patients were trained to administer HR by themselves. 

2.3. Informed Consent 
Though complementary therapy is exempt from informed consent by the law in Taiwan [11], all patients pro-
vided consent for participation in this study. 

3. Results 
3.1. Uterine Endometrioid Carcinoma Stage IIIB 
3.1.1. Disease 
This 49-year-old woman had recurrent menorrhagia and metrorrhagia for 5 years before HR treatment which has 
been performed from May 16, 2014 and this patient was followed up to November 4, 2014. On the night of May 
15, 2014, she had profuse vaginal bleeding and received uterine dilatation and curettage (D & C). During D & C, 
a brownish tumor mass about 3 cm protruded from the cervical os and could not be removed by curettage. Biop-
sies of the cervical tumor and curettage of uterine cavity were performed. Pathology of both cervical biopsies 
and endometrium observed with an Olympus light microscopy (BX-51, Olympus, Tokyo, Japan) showed grade 
1 endometrioid carcinoma (Figure 3(B1)) with negative for P16 (CINtec® Histology Kit, Ventana Medical Sys-
tems, Tuscon, AZ, USA), positive for vimentin (monoclonal mouse anti-vimentin, clone V9, DAKO, Glostrup, 
Denmark), estrogen receptor (estrogen receptor liquid mouse monoclonal antibody, NCL-L-ER-6F11, Newcas-
tle, United Kingdom) and progesterone receptor (monoclonal mouse anti-human progesterone receptor, clone 
PgR 636, DAKO, Glostrup, Denmark). No definite squamous metaplasia or apoptosis-like lesion can be identi-
fied. Tumor markers as AFP, CEA, CA125, CA153, CA 199, and ferritin (Electro-chemiluminescence immu-
noassay, Elecsys, Roche Diagnostics GmbH, Mannheim, Germany), showed normal values. 

3.1.2. HR Treatment 
The patient refused medical or surgical treatment for unknown reason and began to perform HR since the next 
morning after D & C by pressing her hands on the lower abdomen and perineal area for 1 - 2 minutes, 2 times a 
day (Figure 1(C1), Figure 1(C2)). Immediately, the vaginal bleeding rapidly decreased to a minimum with oc-
casional spotting up to date. Computed tomography scan (CT) on May 18 showed a uterine tumor with suspi-
cious myometrial penetration through the posterior wall of uterus (Figure 2(A1), Figure 2(A2)). Sonography on 
May 22 showed intrauterine mass about 8.5 cm in long axis and 4.1 cm in thickness with cervical involvement 
(Figure 3(A1)). The cervical protruding tumor shrank to approximately 1 cm in diameter on May 29 and disap-
peared on June 12. Another endometrial biopsy was performed on June 12 and showed tumor cells with promi-
nent squamous metaplasia and apoptosis-like changes (Figure 3(B2), Figure 3(B3)). Sonography on June 12 
showed the tumor continuously regressing (Figure 3(A2)). Nonetheless, MRI (Magnetic resonance imaging) on 
July 14 showed the size of intrauterine lesion about 8.7 × 4.9 × 3.2 cm (long axis × transverse × thickness) with 
parametrial invasion and penetrating through posterior uterine wall with rectal involvement (Figure 2(B1), Fig-
ure 2(B2)). A uterine endometrioid carcinoma stage IIIB (T3N0M1) was diagnosed for this patient. 
 
Table 2. Practical points for the application of self-administered Ou MC handing remedy (HR).                              

1. The HR is performed by the patients themselves by placing the contralateral hand directly on the affected area according to 
Ou MC decrescendo phenomenon (Figure 1). 

2. For lesions on or adjoining the midline of the body, the HR is applied first to one side of the lesion and then the other. 
3. The effects of Ou MC decrescendo phenomenon are related to the duration, frequency of administration and the distance 

between the hand and the lesion. 
4. If HR is not efficacious, measures such as getting the hand nearer to the lesion, applying other hand gesture and increasing 

the duration or frequency of administration may be helpfula. 

5. Patient positioning may be useful when performing the HR. For example, when treating lumbosacral pain, the patient may 
wish to lie down (supine) with the contralateral hand beneath the affected lumbosacral and adjoining areas. 

6. Severe emotional disturbance possibly may affect HR’s effectivenessb. 
aThe effect or appropriate duration and frequency of HR treatment for various diseases requires further study. bWhether emotional disturbance affects 
the efficacy of the Ou MC decrescendo phenomenon is not explored in the present study (From Ou MC et al., 2014; Ref. [9] [10]). 
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Figure 2. Uterine endometrioid carcinoma of case 1. (A) CT scan image on May 19, 2014. A1: the tumor 
involved uterine cavity and cervix with suspicious posterior uterine wall invasion (arrow). A2: the tumor 
with suspicious involvement of whole layer of posterior uterine wall (arrow). (B) MRI on July 14, 2014. 
B1: the lesion in uterine cavity about 8.9 × 4.9 × 4.5 cm (long axis × transverse × thickness) with posterior 
uterine wall invasion into the pelvis (arrow). B2: uterine parametrial invasion (arrow head) and posterior 
wall involvement with loss of the fat layer between uterine cervix and rectum (arrow). (C) MRI on October 
27, 2014. C1: no posterior wall involvement and the lesion confined in uterine cavity about 6.7 × 3.2 ×1.5 
cm. C2: uterine cervix with no tumor. CT scan, Computed tomography; MRI, Magnetic resonance imaging.  



M. C. Ou et al. 
 

 
76 

 
Figure 3. Uterine endometrioid carcinoma of case 1. (A) Sonography in 2014 on May 22 (A1), June 12 (A2) 
and October 16 (A3) showed continuous size reduction of the tumor. (B) Endometrial biopsy (hematoxylin and 
eosin staining, 3008-3, 3204-3, Muto Pure Chemical, Tokyo, Japan). (B1) Biopsy on May 15, 2014 showed well 
differentiated endometrioid carcinoma with secretory vacuoles. (magnification 400×). (B2) Biopsy on June 12, 
2014 showed prominent squamous metaplasia of tumor cells (magnification 100×). (B3) Biopsy on June 12, 
2014 showed numerous apoptosis-like cells (black circle, magnification 100×).                               

3.1.3. Reinforced HR Treatment 
Thus, the patient began to reinforce HR treatment by placing her hand deeply into the bilateral pelvic region for 
2 minutes on each side of uterus in the morning and 10 minutes at night (Figure 1(C1), Figure 1(C2)). She also 
placed her hand on the contralateral perineal area or other abdominal areas if experiencing abdominal fullness 
(Figure 1(C1), Figure 1(C2)). Sonography on October 16 showed an intrauterine mass about 4.9 × 1.8 × 1.4 cm 
with no cervical involvement (Figure 3(A3)). MRI on October 27 showed intrauterine mass about 6.7 × 3.2 × 
1.5 with no cervical, parametrial or pelvic involvement (T1N0M0, Stage IA, Figure 2(C1), Figure 2(C2)); 
however, this patient refused endometrial biopsy on November 4. 
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3.2. Suspicious Pancreatic Cancer IA with Elevated CA199 and Dilated Tortuous Main  
Pancreatic Duct 

3.2.1. Disease 
This 51-year-old patient was discovered with CA-199 of 67.1 (Unit/ml) (normal <27) and CA125 of 31 (Unit/ml) 
(normal <35) on March 13, 2014. She was followed up to October 21, 2014. CA 199 of 1090.0 and CA125 of 
46.5 were found for her on May 26. The CT scan examination she received on May 29 showed an isodense no-
dule about 1.6 × 1.7 cm in greatest dimension (Figure 4(A1), Figure 4(A2)) in the pancreatic tail with dilated 
tortuous main pancreatic duct in a diameter about 0.39 cm (Figure 4(A3)). A pancreatic cancer, stage IA was 
tentatively presumed. 
 

 
Figure 4. CT scan for suspicious pancreatic cancer IA of case 2. (A) CT scan on 
May 29, 2014. (A1) An isodense nodule in pancreatic tail (square area). (A2) 
Magnified photo of the square area of A1, showed the size of the isodense nodule 
about 1.6 × 1.7 cm. (A3) Dilated tortuous main pancreatic duct of the pancreas 
with diameter about 0.39 cm (arrow). (B) CT scan on October 6, 2014. (B1) The 
isodense nodule in pancreatic tail in the same position of the square area of A1. 
(B2) Magnified photo of the square area of B1 showed the size of the isodense 
nodule about 1.0 × 1.0 cm. (B3) Main pancreatic duct of pancreas with smooth 
feature about 0.14 cm in diameter (arrow). CT scan, computed tomography scan.   
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3.2.2. HR Treatment 
The patient refused surgical approach for the possibly poor prognosis of this disease and received HR manage-
ment from June 5. She performed HR with her hands applied heavily onto the bilateral epigastric area for 5 mi-
nutes on each side 2 times a day (Figure 1(C1), Figure 1(C2)) and occasionally on bilateral costovertebral an-
gles (Figure 1(B3), Figure 1(C3)) and other abdominal areas (Figure 1(C1), Figure 1(C2)). CA199 and 
CA125 which were recorded as 1090.0 and 46.5 before the initiation of HR separately became 170.5 and 50.2 
on June 11 and 136.5 and 25.4 on October 3. CT scan on October 6 indicated that the isodense nodule shrank to 
approximately 1.0 × 1.0 cm in the greatest dimension (rounded from 10.19 × 9.56 mm, Figure 4(B1), Figure 
4(B2)). Also, the main pancreatic duct became smooth in feature with the diameter decreasing to approximately 
0.14 cm (Figure 4(B3)). There was no abdominal or back discomfort during this study or history of pancreatitis 
for this patient. 

3.3. Uterine Leiomyosarcoma IB 
3.3.1. Disease 
This 59-year-old patient suffered from heavy uterine bleeding (7 to 8 fully-soaked pads/day) for 2 months before 
receiving uterine D & C which was performed on July 31, 2013 and showed atypical muscle tumor. Her uterine 
bleeding was profuse when she visited our clinic on August 8, 2013. 

3.3.2. HR Treatment 
Vaginal speculum observations showed that the heavy uterine bleeding immediately decreased to a minimum 
with a 1-minute HR treatment on each side of the lower abdomen. In a supine position, she then applied HR by 
press hand over the lower abdomen on each side of the uterus for about 2 - 3 minutes for 3 - 4 times daily 
(Figure 1(C1)). The HR was found to be effective at minimizing heavy uterine bleeding. CT scan on August 15, 
2013 showed a heterogeneous lesion about 11.0 × 13.2 cm in uterus. Hysterectomy and bilateral adnexectomy 
on August 29, 2013 showed 2 myoma-like tumors about 11.5 × 6.6 × 6.5 and 8.1 × 8 × 4.5 cm limited in the 
uterine body with ill-defined margins. Pathology of both tumors observed with an Olympus light microscope 
(DP20, Olympus, Tokyo, Japan) showed leiomyosarcoma with no lymph node or other pelvic organ involved 
(Stage IB, T1N0M0). 

3.4. Perineal Brownish Macular Lesion with Chronic Myelogenous Leukemia 
3.4.1. Disease 
This 39-year-old patient had CML and underwent remission for 1 year via Glivec treatment. Upon admittance to 
our clinic, we discovered on her left gluteal area, a painless brownish macular lesion about 3.5 × 4.2 cm in di-
mension and 0.3 cm in thickness which did not respond to antibiotic treatment. 

3.4.2. HR Treatment 
This patient performed HR for 2 minutes on the perineal lesion (Figure 1(A3)) twice daily. With solely HR, the 
perineal lesion became smaller and resolved 2 weeks later. However, this patient refused a biopsy of the macular 
lesion. 

4. Discussion 
Cancer is considered a genetic disease as most cancers have been associated with gene-related changes caused 
by physical, chemical, infectious, or hereditary factors that impair or activate the gene relating to the occurrence 
of cancer. Oncogene activation or impaired cancer suppression genes are related to genesis, proliferation or me-
tastasis of cancer cells but researches have shown that most oncogene activation or impaired cancer suppression 
genes do not cause cancer since the initiated cells usually became apoptotic or killed by host defense systems 
prior to the promotion to cancer. Studies also show that further proliferation-enhancing signals are required to 
progress along the pathway towards cancerous growth. Cancer requires multiple steps to manifest. Such steps 
involve poor immunological response, defective genetic repairing, dysregulated and modified epigenetic pres-
entation, loss of intracellular surveillance for cell death, and alternated intercellular micro-environmental inte-
ractions [3]. With understanding these in tumor biology, the medications which target specific biological path-
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ways of cancer have been developed and become a corner stone for cancer treatment in this century. However, 
the plasticity of cancer cells allows for development of selective resistance against target-specific therapeutic 
agents. Modern treatments for cancer yet remain largely incompetent toward most cancers, especially if cancer 
metastasis occurs [2]. 

OuDP appears to be consistently effective for treating a wide variety of diseases in terms of distance between 
hand and lesion, treatment duration and performance frequency. The effect of OuDP can be significantly in-
creased by decreasing the distance between hand and lesion, increasing treatment duration, and raising treatment 
frequency. Prompt remission of joint pain, edema of soft tissue by trauma, pain by infection or cessation of ute-
rine bleeding in the studies with OuDP indicate a restoration of normal tissue function [9]. Restoration of normal 
tissue function may re-establish host defense systems, which will contribute to defense against microorganisms, 
inflammation, degenerative changes, and tumors [9] [10]. The normalization of function of tumor cells may 
make them conform to the regulations by apoptosis, growth suppression, and metastatic hindrance that undergo 
with normal cells. The normalization of tissue function by OuDP apparently not only involves the tumor cell but 
also the microenvironment in which tumor cells lodge. The tumor microenvironment has been regarded as a 
main factor for tumor development and metastasis. A normalization of tumor microenvironment will place tu-
mor cells under the circumstances that suppress metastasis, prevent uninhibited proliferation, minimize angi-
ogenesis and eliminate abnormal cells with normalized host immunological systems [6] [12]. 

A past study of the snapping shrimp has shown that interactions between individual shrimps and other 
shrimps (with different claw shapes and fiber composition) will induce the change of shape and fiber composi-
tion of both claws of the individual shrimp [13]. Our previous study also showed that interactions between pa-
tient and HR therapist presented similar results via self-administered HR. There is no significant difference be-
tween self- and therapist-performed HR to induce OuDP, but the effect of HR is related to application duration, 
frequency, and distance. Self-administered HR may increase the efficacy of cancer treatment with increasing the 
frequency and duration of application by patients themselves. However, this study shows the effect of OuDP for 
treating oncologic diseases depends on distance between hand and lesion. Thus, the OuDP effect may not be 
well induced for lesions that cannot be fully accessed. 

In 1999, it was noted that cancer patients did not fare better than patients treated decades ago [1]. Since 2000, 
with recent growing understanding of cancer cell biology, modern medicine has approached various alternative 
ways as a back-up for conventional cancer treatments. The 5-year relative survival rate for all cancers diagnosed 
between 2003 and 2009 is 68%, up from 49% in 1975-1977 in USA [2]; however, the morbidity and mortality 
by cancer is yet much higher than those for most of other diseases. Cancer treatment itself may often impact pa-
tients’ quality of life due to side effects or complications. An ideal treatment should be effective to ameliorate 
disease but causes minimal side effects or complications. A recent Swedish statistical study shows there it was 
discovered that the breast cancer of many patients spontaneously regressed without treatments [14]. It shows 
spontaneous cancer regression is not rare though the mechanism remains speculative. The OuDP effect shows 
the capacity to bring about tumor regression, which is comparable with the spontaneous cancer regression re-
ported. 

5. Conclusion 
In summary, OuDP is induced by the interaction of human bilateral symmetrical features and has proven to ac-
celerate the recovery processes for inflammation, degenerated diseases, tissue dysfunction, and oncological 
changes. The resolution of non-infectious conditions with OuDP is consistent with the restoration of normal tis-
sue function. This restoration of normal tissue function for cancer indicates to involve not only tumor cells but 
also the tumor microenvironment, which may make tumor cells conform to the regulations for normal cells as 
with apoptosis, metastasis suppression, preventing uninhibited proliferation, minimizing angiogenesis and su-
pervision with host immunological systems. However, due to the relatively small sample-size in our study, fu-
ture studies are warranted to replicate these findings. 
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Abstract 
Melicope lunu-ankenda is commonly used in traditional medicine. The conventional propagation 
method for this species is inefficient due to low propagation rate and its lengthy period to matur-
ity. In addition, insufficient planting materials often pose a problem for the plantation sector. The 
tissue culture technique is best alternative to overcome the problems. The callus induction and 
direct shoot regeneration protocols for M. lunu-ankenda were established. Callus was successfully 
initiated from leaves explants cultured in MS medium added with 2,4-D at concentrations 0.5 to 
5.0 mg/L singly or in combination with NAA at concentrations 1.0 to 10 mg/L. Shoot was regene-
rated from callus in phytohormone-free medium, BAP at concentrations 0.5 - 5.0 mg/L singly or in 
combination of BAP with NAA or 2,4-D at concentration 0.5 and 1.0 mg/L, respectively. BAP at 1.0 
mg/L induced the highest shoot regeneration rate (80%) and number of plantlet per calli. The es-
tablished methods might be used for production of phytochemicals and plantlets in large scale. 

 
Keywords 
Melicope lunu-ankenda, Regeneration, Plant Growth Regulator, In Vitro 

 
 

1. Introduction 
Melicope lunu-ankenda (Gaertn.), a tree species belonging to the family Rutaceae. It endemic plant to Malaysia 
and locally known as “Tenggek burung”, a popular ulam (salad) consumed raw by Malays. Leaves of this plant 
are traditionally used to revitalize the body as well as to prevent hypertension. It is also used in Indian traditional 
medicine to relieve fevers, and as a tonic and for improving complexion. Extracts of the plant were exhibited 
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bacteriostatic and fungicidal activity, natural antioxidant and effective anti-inflammatory and immunemodula-
tory agent [1]. The plant could also serve as leads in the search for anti-quorum sensing compounds [2]. Phyto-
chemical screening shows that the Melicope plant containing alkaloid; melicarpine, semecarpine, 8-methoxy- 
platydesmine [3], dictamnine, confusameline and chromenes [1]. Production of such compounds requires a huge 
amount of plant materials, at the same time, the resource must be sustained. The conventional propagation 
method for this uncommon species is inefficient due to low propagation rate and its lengthy period to maturity. 
In addition, insufficient planting materials is often a problem for the plantation sector. Therefore, there is a need 
to develop methodologies for mass multiplication of this plant. 

Advances in biotechnology have generated new opportunities for Melicope genetic improvement and metabo-
lites production. The tissue culture technique is best alternative to overcome the problems. Vegetative propaga-
tion through in vitro culture techniques of M. lunu-ankenda had been previously reported [4]. The genetic im-
provements of the plant also feasible through somaclonal variation [5]. Such technique is a helpful tool to reduce 
the time for improvement of woody plant often takes many years using traditional plant-breeding methods [6]. 
The somaclonal variations techniques were reported to improve citrus against different a biotic stresses, low 
yield and conserve important citrus genotypes though exploiting somatic cell hybridization [7] and transforma-
tion of high yielding cultivars [8] disease free plants. Somaclonal variation exhibited in a wide range of traits in-
cluding plant height, overall growth habit, flower, fruit and leaf morphology, juvenility, maturity date, disease 
resistance, yield, virus-free and biochemical characteristics. However, all these highly sophisticated technique 
requires the presence of highly responsive regeneration protocol. Nonetheless, most reports generally deal with 
either Solanaceous or cereal crops and limited information has been reported in woody trees. 

The present study was to develop an efficient callus initiation system of M. lunu-ankenda through tissue cul-
ture, which might be used in genetic transformation system and/or efficient and suitable regeneration protocol of 
the plant in future. Moreover, in vitro shoot multiplication would also result in the production of more uniform 
stocks with high genetic stability. This present study is aimed at developing an efficient mass micropropagation 
protocol for M. lunu-ankenda using shoots as explants. The cell culture would also providing unlimited sources 
for metabolites production and genetic modification. Furthermore, shoot regeneration from cell culture is the 
prerequisite for the success in genetic modification. To our knowledge, this is the first report on the shoot re-
generation from callus culture on Melicope. 

2. Material and Methods 
2.1. Plant Material and Culture Condition  
The M. lunu-ankenda plants grown and maintained in a glass house was used as explant. Glass-house conditions 
were maintained at temperatures 29˚C ± 3˚C with a 12L:12D photoperiod and the relative humidity fluctuated 
between 50% - 70%. Lateral shoots segments were used to initiate shoot cultures. Explants were cleaned in a 
detergent (Teepol) solution for 20 min and rinsed in distilled water. Surface sterilization was preceded by im-
mersed in 20% (v/v) Clorox® containing several drops of Tween-20 for 20 min and repeated for another 20 min 
in 5% (v/v) concentration. Subsequently, rinsed with sterilized distilled water few times. The death tissue were 
excised and shoot explants were inoculated onto MS medium supplemented with 3% sucrose and 1.0 mg/L BAP. 
The medium was adjusted to pH 5.8 prior solidified with 0.3% (w/v) gelrite and sterilized by autoclaving at 
121˚C and 104 kPa for 15 min. All cultures were incubated in culture room under white light provided with 
white fluorescent light at intensity of 3000 lux at a photoperiodic 16 h. The room temperature was maintained at 
25˚C ± 2˚C. The established in vitro plantlets were sub-cultured every three month interval Figure 1(h). These 
plantlets was used as explant for callus induction. 

2.2. Callus Induction  
Under aseptic condition, stem of the in vitro plantlets were excised in 1 - 2 cm length and inoculated onto callus 
initiation medium. The medium consisted of MS [9] basal medium, 3% (w/v) sucrose, 3 g/L phytogel and 2,4-D 
at concentrations of 0, 0.5, 1.0, 3.0 or 5.0 mg/L or NAA at concentrations of 0, 1.0, 3.0, 5.0 or 10 mg/L, or com-
bination of both phytohormones (Table 1). All cultures were maintained under light (1200 lux) and monitored 
weekly. The percentage of explants produced callus and day of callus formed were scored as amount of callus 
produced at every seven days intervals. Callus induction success was expressed as Percentage of explants induce  



Ab. Z. Rahman et al. 
 

 
83 

 
Figure 1. The direct shoots regeneration of Melicope lunu-ankenda. Callus were produced from the wounded side of the 
stems within a month of culture on 2,4-D alone and in combination with NAA (a)-(c); greenish callus were successfully re-
generated to plantlets (d)-(g); rooted plantlets (h) in vitro plant acclimatization, growth in the net house (i).                      
 
callus and weight of green callus after second sub-culture (two months).Any further changes in the coloursof the 
callus were also recorded. 

2.3. Plant Regeneration and Rooting  
The yellow-green and dark-green calli were used for induction of shoot and plant regeneration. A small pieces of 
callus (app.3 gram) were aseptically transferred onto regeneration medium consisted of MS [9] basal medium, 3% 
(w/v) sucrose, 0.3% (w/v) phytogel and phytohormones; BAP at concentrations of 0, 0.5, 1.0, 3.0 or 5.0 mg/L 
singly or in combination with NAA at concentrations of 0.5 or 1.0 mg/L, or with 2,4-D at concentrations of 0.5 
or 1.0 mg/L, respectively (Table 2). All cultures were maintained under a 16 h photoperiod with lighting pro-
vided by cool-white fluorescent lamps (100 - 2000 lux). The percentage of calli regenerated to plant and number 
of plantlets or shoots per clump of green callus were recorded after 45 days of culture. The completely regene- 
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Table 1. Effect of different combination of 2,4-D and NAA on callus induction of Melicope lunu-ankenda on MS medium 
after 45 days.                                                                                                

Plant growth regulator (mg/L) Percentage of explants induce 
callus (%) 

Weight of green callus after 
second sub-culture Colour of callus 

NAA 2,4-D 

0 0 0 - - 

 0.5 25 ± 4.1 0.16 ± 0.01 Yellow-green 

 1.0 30 ± 2.2 0.33 ± 0.12 Yellow-green 

 3.0 15 ± 3.3 2.11 ± 0.11 Yellow-green 

 5.0 10 ± 0.9 0.97 ± 0.23 Yellow-green 

1.0 0 0 - - 

 0.5 10 ± 1.1 0.34 ± 0.04 Yellow-green 

 1.0 10 ± 1.4 0.56 ± 0.06 Yellow-green 

 3.0 54 ± 4.5 4.98 ± 0.87 Yellow-green 

 5.0 34 ± 3.1 2.12 ± 0.56 Yellow-green 

3.0 0 0 - - 

 0.5 0 0.45 ± 0.05 Yellow-green 

 1.0 45 ± 6.7 0.97 ± 0.12 Yellow-green 

 3.0 35 ± 2.3 7.81 ± 1.23 Dark-green 

 5.0 30 ± 1.1 2.34 ± 0.45 Yellow-green 

5.0 0 0 - - 

 0.5 12 ± 2.1 4.56 ± 0.89 Dark-green 

 1.0 65 ± 7.2 5.49 ± 1.21 Dark-green 

 3.0 50 ± 6.7 6.45 ± 1.24 Dark-green 

 5.0 20 ± 2.3 1.89 ± 0.40 Necrotic-green 

10.0 0 0 - - 

 0.5 34 ± 3.3 7.50 ± 2.41 Dark-green 

 1.0 75 ± 9.5 8.45 ± 0.98 Dark-green 

 3.0 55 ± 3.5 6.54 ± 0.89 Necrotic-green 

 
rated plantlets were separated to single plantlet and transferred to MS basal medium containing 0.5 mg/L IBA 
for root induction. After shoots, the rooted and healthy plantlets were individually transplanted to plastic pots 
containing hardening medium consisted of top soil:compost mixture (2:1). The plantlets were kept under con-
trolled environment in a net house with 75% shading for 60 days. The survival rate of plantlets was recorded 
during the period of acclimatization. 

2.4. Statistical Analysis 
The data (20 replicates per treatment) were subjected to one way analysis of variance (ANOVA) to assess treat-
ment differences and interaction using SPSS version 11.0 software. Significance of differences between means 
was tested by Duncan’s Multiple Range Test (p < 0.5). 

3. Results and Discussion  
3.1. Callus Induction  
The effect of different phytohormone on callus induction from stem of M. lunu-ankenda were successfully  
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Table 2. Effect of different combination of NAA, 2,4-D and BAP percentage of regenerating and multiple shoot formation 
of Melicope lunu-ankenda that initiated from green callus.                                                            

Plant Growth regulator (mg/L) Percentage of callus produced shoot 
(%) 

Number of shoot per clump green callus 
(3 gram) NAA 2,4-D BAP 

 
 
- 

- 0 30 ± 4.5 11 ± 1.1 

- 0.5 70 ± 8.7 27 ± 3.4 

- 1.0 80 ± 9.6 31 ± 6.1 

- 3.0 50 ± 3.4 17 ± 2.3 

- 5.0 35 ± 5.7 12 ± 2.1 

0.5 
 

- 0 10 ± 1.3 7 ± 0.9 

- 0.5 35 ± 3.4 18 ± 4.5 

- 1.0 45 ± 6.6 19 ± 1.3 

- 3.0 30 ± 3.2 18 ± 4.5 

- 5.0 15 ± 3.1 6 ± 1.0 

1.0 
 

- 0 10 ± 2.1 15 ± 2.2 

- 0.5 35 ± 6.7 18 ± 4.1 

- 1.0 35 ± 8.1 15 ± 2.1 

- 3.0 25 ± 2.3 15 ± 2.4 

- 5.0 0 0 

- 
- 
- 

0.5 

0 0 0 

0.5 20 ± 2.1 9 ± 0.9 

1.0 15 ± 2.3 12 ± 2.1 

3.0 0 0 

5.0 5 ± 1.5 8 ± 0.5 

- 
- 
- 

 0 5 ± 0.9 0 

 0.5 15 ± 0.9 8 ± 0.5 

1.0 1.0 15 ± 1.3 11 ± 1.3 

 3.0 10 ± 1.2 0 

 5.0 0 0 

 
established (Table 1). Yellow to green, friable, non-embryogenic callus were produced from the wounded side 
of the stems within a month of culture on 2,4-D alone and in combination with NAA (Figures 1(a)-(c)). The 
best response of callus induction (75%) was observed in 1.0 mg/L of 2,4-D + 10 mg/L of NAA with dark-green 
colour of calli with the highest percentage (30%) in 1.0 mg/L 2,4-D. This was followed with 1.0 mg/L of 2,4-D 
+ 5.0 mg/L of NAA (dark-green callus) and 3.0 mg/L of 2,4-D + 1.0 mg/L of NAA (yellow-greenish), which 65 
and 55%, respectively. These results are in conformity with some of the earlier studies on different Rutaceae, 
which showed good callus induction response under the influence 2,4-D in combination with other phytohor-
mone [10] [11]. Interestingly, 2,4-D combined with NAA at high concentrations (>3 mg/l) was enhanced the 
size or biomass the green colour of the calli. Green colour normally due to the formation of photosynthetic ap-
paratus, the chlorophyll. A similar phenomena was previously reported in few plant species [11].  

3.2. Plant Regeneration  
The greenish callus were successfully regenerated to plantlets (Figures 1(d)-(g)). The highest percentage of 
plant regeneration (80%) and the highest number of shoot per calli clump (31 shoots per 3 gram callus) were 
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obtained in 1.0 mg/L BAP (Table 2). In BAP (1.0 mg/L) + NAA or 2,4-D with increasing concentrations (0.5 - 
1.0 mg/L), shown a decreases in the plant regeneration as well of number of shoot produced. A similar response 
was reported [10] on shoot regeneration of citrus callus a member of Rutaceae family. The in vitro rooted plan-
tlets transplanted into plastic pots in 75% shading net house were exhibited 98% survival rate after 60 days of 
transplanting (Figures 1(h)-(i)).  

4. Conclusion  
The callus and plant regeneration protocol were successfully established for M. lunu-ankenda. The size, colour 
and biomass of the calli produced were varies between the induction medium used. Combination of 3.0 mg/L 
2,4-D and 1.0 mg/L NAA was the best for callus formation. BAP at concentration 1.0 mg/L was the best for in-
duction of direct shoot regeneration using callus explant. The easily direct shoot regeneration of callus is useful 
for genetic modification and in vitro metabolites production. The protocol developed may aid the sustainable 
production of the phytochemical and planting material.  
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2,4-D = 2,4-dichlorophenoxy acetic acid;  
BAP = benzylamino purine;  
IBA = indole-3-butyric acid.  

 



Natural Science, 2015, 7, 88-99 
Published Online February 2015 in SciRes. http://www.scirp.org/journal/ns 
http://dx.doi.org/10.4236/ns.2015.72010  

How to cite this paper: Durmagambetov, A.A. and Fazilova, L.S. (2015) Navier-Stokes Equations—Millennium Prize Prob-
lems. Natural Science, 7, 88-99. http://dx.doi.org/10.4236/ns.2015.72010 

 
 

Navier-Stokes Equations—Millennium  
Prize Problems 
Asset A. Durmagambetov, Leyla S. Fazilova 
System Research “Factor” Company, Astana, Kazakhstan 
Email: asset.durmagambet@gmail.com  
 
Received 6 February 2015; accepted 24 February 2015; published 27 February 2015 

 
Copyright © 2015 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
In this work, we present final solving Millennium Prize Problems formulated by Clay Math. Inst., 
Cambridge. A new uniform time estimation of the Cauchy problem solution for the Navier-Stokes 
equations is provided. We also describe the loss of smoothness of classical solutions for the Navi-
er-Stokes equations. 
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1. Introduction 
In this work, we present final solving Millennium Prize Problems formulated by Clay Math. Inst., Cambridge in 
[1]. Before this work, we already had first results in [2]-[4]. The Navier-Stokes existence and smoothness prob-
lem concerns the mathematical properties of solutions to the Navier-Stokes equations. These equations describe 
the motion of a fluid in space. Solutions to the Navier-Stokes equations are used in many practical applications. 
However, theoretical understanding of the solutions to these equations is incomplete. In particular, solutions of 
the Navier-Stokes equations often include turbulence, which remains one of the greatest unsolved problems in 
physics. Even much more basic properties of the solutions to Navier-Stokes have never been proven. For the 
three-dimensional system of equations, and given some initial conditions, mathematicians have not yet proved 
that smooth solutions always exist, or that if they do exist, they have bounded energy per unit mass. This is 
called the Navier-Stokes existence and smoothness problem. Since understanding the Navier-Stokes equations is 
considered to be the first step to understanding the elusive phenomenon of turbulence, the Clay Mathematics In-
stitute in May 2000 made this problem one of its seven Millennium Prize problems in mathematics. In this paper, 
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we introduce important explanations results presented in the previous studies in [2]-[4]. We therefore reiterate 
the basic provisions of the preceding articles to clarify understanding them. First, we consider some ideas for the 
potential in the inverse scattering problem, and this is then used to estimate of solutions of the Cauchy problem 
for the Navier-Stokes equations. A similar approach has been developed for one-dimensional nonlinear equa-
tions [5]-[8], but to date, there have been no results for the inverse scattering problem for three-dimensional 
nonlinear equations. This is primarily due to difficulties in solving the three-dimensional inverse scattering 
problem. This paper is organized as follows: first, we study the inverse scattering problem, resulting in a formu-
la for the scattering potential. Furthermore, with the use of this potential, we obtain uniform time estimates in 
time of solutions of the Navier-Stokes equations, which suggest the global solvability of the Cauchy problem for 
the Navier-Stokes equations. Essentially, the present study expands the results for one-dimensional nonlinear 
equations with inverse scattering methods to multi-dimensional cases. In our opinion, the main achievement is a 
relatively unchanged projection onto the space of the continuous spectrum for the solution of nonlinear equa-
tions that allows focusing only on the behavior associated with the decomposition of the solutions to the discrete 
spectrum. In the absence of a discrete spectrum, we obtain estimations for the maximum potential in the weaker 
norms, compared with the norms for Sobolev’s spaces. 

Consider the operators ( )xH q x= −∆ +  and 0 xH = −∆  defined in the dense set ( )2 3
2W R  in the space  

( )3
2L R ; let q be a bounded fast-decreasing function. The operator H is called the Schrödinger’s operator. We 

consider the three-dimensional inverse scattering problem for the Schrödinger operator: the scattering potential 
must be reconstructed from the scattering amplitude. This problem has been studied by a number of researchers 
[9] [11] [12] and references therein. 

2. Results 
Consider Schrödinger’s equation: 

( ) 2 ,    x q x k k C−∆ Ψ + Ψ = Ψ ∈ .                                (1) 

Let ( ), ,k xθ+Ψ  be a solution of (1) with the following asymptotic behavior: 

( ) ( ) 1, , , , ,     
i k x

ik x ek x e A k o x
x x

θθ θ θ+

 
′Ψ = + + →∞  

 
                     (2) 

where ( ), ,A k θ θ′  is the scattering amplitude and 2,  x x Sθ θ′ = ∈  for { }Im 0k C k+∈ = ≥  

( ) ( ) ( )3

1, , , , d .
4π

ik x
R

A k q x k x e xθθ θ θ ′−
+′ = Ψ∫                             (3) 

Let us also dene the solution ( ), ,k xθ−Ψ  for { }Im 0k C k−∈ = <  as ( ) ( ), , , ,k x k xθ θ− +Ψ = Ψ − −  
As is well known [9]: 

( ) ( ) ( ) ( )2, , , , , , , , d ,     .
4π S

kk x k x A k k x k Rθ θ θ θ θ θ+ − −′ ′ ′Ψ −Ψ = − Ψ ∈∫                (4) 

This equation is the key to solving the inverse scattering problem, and was first used by Newton [10] [11] and 
Somersalo et al. [12]. 

Equation (4) is equivalent to the following: 

S+ −Ψ = Ψ                                       (5) 

where S is a scattering operator with kernel ( ),S k l , ( ) ( ) ( )3, , , d .
R

S k l k x l x x∗
+ −= Ψ Ψ∫  

The following theorem was stated in [9]: 
Theorem 1. (The energy and momentum conservation laws) Let q∈ℜ . Then, ,  SS I S S I∗ ∗= = , where I is 

a unitary operator. 

Definition 1. The set of measurable functions ℜ  with norm defined by ( ) ( )
6 2 d d

R

q x q y
q x y

x yℜ
=

−
∫  is recog-

nized as being of Rollnik class. 
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As shown in [13], ( ),k x±Ψ  is an orthonormal system of H eigenfunctions for the continuous spectrum. In 
addition to the continuous spectrum there are a finite number N of H negative eigenvalues, designated as 2

jE−  
with corresponding normalized eigenfunctions 

( ) ( )2,     1,j jx E j Nψ − =  

where 

( ) ( )2 3
2, .j jx E L Rψ − ∈  

We present Povzner’s results [13] below: 
Theorem 2. (Completeness) For both an arbitrary ( )3

2f L R∈  and for H eigenfunctions, Parseval’s identity 
is valid. 

( ) ( )
2

2 , ,
C CD D A ALf P f P f P f P f= +  

( ) ( ) ( )2
2

0
1

, ,     , , d d
C

N

D j j j A S
j

P f f x E P f s f s s x sψ θ θ
∞

+
=

= − = Ψ∑ ∫ ∫                  (6) 

where f  and jf  are Fourier coefficients for the continuous and discrete cases. 
Theorem 3. (Birman-Schwinger estimation). Let q∈ℜ . Then, the number of discrete eigenvalues can be es-

timated as: 

( )
( )

( ) ( )
3 32 2

1 d d .
4π R R

q x q y
N q x y

x y
≤

−
∫ ∫                             (7) 

This theorem was proved in [14]. 
Let us introduce the following notation: 

( ) ( ) ( ) ( )2 2, , d    for   , , ,     , , , , d
S S

NA A k f k x Df A k f k xθ θ θ θ θ θ θ θ′ ′ ′ ′ ′= =∫ ∫           (8) 

( ) ( ) ( )( )0 , , ,     , , , ,i z x i z xz x e z x z x eθ θφ θ θ θ+′ ′= Φ = Ψ − ∆                  (9) 

where 

( ) ( )
1

.
N

j j
j

k iE k iE
=

 ∆ = + − ∏  

We define the operators ,  T T±  for ( )1
2f W R∈  as follows: 

( ) ( )
Im 0 Im 0

1 1lim d ,   Im 0;     lim d ,   Im 0
2π 2πz z

f s f s
T f s z T f s z

i s z i s z
∞ ∞

+ −−∞ −∞→ →
= > = <

− −∫ ∫        (10) 

( )1 .
2

Tf T T f+ −= +                                    (11) 

Consider the Riemann problem of finding a function Φ , that is analytic in the complex plane with a cut 
along the real axis. Values of Φ  on the upper and lower sides of the cut are denoted +Φ  and −Φ  respec-
tively. The following presents the results of [15]: 

Lemma 1. 

1 1 1 1 1,   ,   ,   ,   
4 2 2 2 2

TT I TT T TT T T T I T T I+ + − − + −= = = − = + = −                (12) 

Theorem 4. Let q∈ℜ , g + −= Φ −Φ ; then 
.T g± ±Φ =                                       (13) 

The proof of the above follows from the classic results for the Riemann problem. 
Lemma 2. Let ( ) ( ),  , , ,  , ,q g g z x g g z xθ θ+ −∈ℜ = = −  
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Then, 

( ) ( ) ( ) ( ), , ,     , , .i z x i z xz x T g e z x T g eθ θθ θ −
+ + + − − −Ψ ∆ = + Ψ ∆ = +               (14) 

The proof of the above follows from the definitions of ,  ,  g + −Φ Φ  and ,  + −Ψ Ψ . 
Lemma 3. Let ( ) ( ),  , , ,  , ,q A A z x A A z xθ θ+ −∈ℜ = = −  
Then, 

( ) ( ), , .A k T A Aθ θ + + −′ ∆ = ∆ − ∆                                (15) 

The proof of the above again follows from the definitions of the functions ,  ,  g + −Φ Φ  and ,  + −Ψ Ψ . 
Lemma 4. Let q .∈ℜ  Then, 

( ).NA NT DA+ + −∆ = ∆                                   (16) 

The proof of the above follows from the definitions of ,  ,  g + −Φ Φ  and ,  + −Ψ Ψ  and Theorem 1. 
Lemma 5. Let q .∈ℜ  Then, 

( ) 2 .NT A NA+ +≤                                    (17) 

The proof of the above follows from the definitions of ,  ,  g + −Φ Φ  and ,  + −Ψ Ψ  and Lemma 4 and disper-
sions relations for analytics functions. 

Definition 2. Denote by TA the set of functions ( ), ,f k θ θ ′  with the norm 

( ), ,sup .kf Tf fθ θ ′ΤΑ
= + < ∞  

Definition 3. Denote by ( )I T D−−ℜ the set of functions g  such that ( )g I T D f−= − , for any f ∈ΤΑ . 

Lemma 6. Suppose 1A α
ΤΑ

< < . Then, the operator ( )I T D−− , defined on the setTA has an inverse de-
fined on ( )I T D−−ℜ . 

The proof of the above follows from the definitions of ,  D T−  and the conditions of Lemma 6. 
Lemma 7. Let q∈ℜ , and assume that ( ) 1I T D −

±−  exists. Then, 

( ) ( )1 1
0 0 0

1,     ,     .g T g T g T g I T D T D I T D T Dφ φ φ− −
+ − − − − − − − −= − = − Ψ = − +

∆
           (18) 

The proof of the above follows from the denitions of ,  ,  g + −Φ Φ  and ,  + −Ψ Ψ  and Equation (4). 
Lemma 8. Let ℜ∈q , and assume that ( ) 1I T D −

±−  exists. Then, 

0 0 3
1

1 1 1 1 1 1 1,     
i

i
T D T D T D T D T D T D T D Qφ φ

∞

− − − − − − − −
=

 Ψ = − + + = + + ∆ ∆ ∆ ∆ ∆ ∆ ∆ 
∑          (19) 

where 3Q  represents terms of highest order of T D− . 
The proof. Using 

( ) ( ) ( ) ( ) ( ) ( )3 3 0 0, , d ,     , , d
R R

x k x l x k l x k x l x k lδ φ φ δ− −Ψ ∗Ψ = − ∗ = −∫ ∫  

and (18) we get proof. 
Lemma 9. Let ℜ∈q . Then, 

[ ]0lim .
z

q H − −→∞
= Ψ Ψ                                   (20) 

The lemma can be proved by substituting ,  + −Ψ Ψ  into Equation (1). 
Lemma 10. Let ℜ∈q , and assume that ( ) 1I T D −

−−  exists. Then, 

( ) ( )1 1
0 0 0 0 0

1 1lim .
z

q N I T D T DH N I T D T DH Nφ φ φ− −
− − − −→∞

    = − − +    ∆ ∆    
          (21) 

The proof of the above follows from the definitions of ,  ,  N + −Ψ Ψ  and Lemma 7. 
Lemma 11. Let ℜ∈q . Then 2.D ≤  
The proof of the above follows from the definition of D and the unitary nature of S. 
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Lemma 12. Let ( )3
4q L R∈ℜ∩ . Then, 

( )3

22 dj jR
E q x xψ≤ ∫                                  (22) 

( ) ( )3
2

max 2 .j j L Rx
x qψ ψ≤                                 (23) 

The proof of the above follows from the definitions of 2 ,  j jE ψ , and (1). 
Lemma 13. Let ( )3

2q L R∈ℜ∩ , and 1A α
ΤΑ

< < . Then, 

( )0 00 1
.

i

kx i
q C NA

∞

± ==
=

Ψ  ≤  ∑                               (24) 

To prove this result, one should calculate ,  + −Ψ Ψ  using (18). 
q± ±Ψ = ∆Ψ                                       (25) 

Using the notation that: 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
3 3 3

, , ,d ,   d ,   di k x i k l x i k l x

R R R
q k q x e x q k l q x e x Qq q x e x− −= − = =∫ ∫ ∫ 

 

( ) ( ) ( )3 2
, d ,   , , d .i k l x

E R Sk l
Q q q x e x NQq Qq k θ θ θ−

=
′= =∫ ∫  

For ( ), ,f f k xθ ′=  

( ) ( )2 , , , , d .
S

Df k A k f k xθ θ θ θ′ ′ ′= ∫                             (26) 

Lemma 14. Let ( )3
2q L R∈ℜ∩ , and 1α

ΤΑ
ΤΑ < < . Then, 

2 2 2 2
,     .L L L LTNA C TQq NA C Qq< <                         (27) 

To prove this result, one should ,  + −Ψ Ψ  using Lemma 7. 
.q ± ±= ∆Ψ Ψ                                      (28) 

Using Lemma 7. 
Lemma 15. Let ( )3

2q L R∈ℜ∩ , and 1A α
ΤΑ

< < . Then, 

( )00 0
1

i

x k
i

q C TNA
∞

± = =
=

Ψ ≤ ∑                               (29) 

( )00 0
1

.
i

x k
i

q C TQq
∞

± = =
=

Ψ ≤ ∑                               (30) 

To prove this result, one should calculate A using Lemma 7. 
Lemma 16. Let ℜ∈q  and 

max .
k

q < ∞  

Then, 

( ) ( ) ( )3 3 2

2

2 d d max .LR R k

q x q y
x y C q q

x y
≤ +

−
∫ ∫                         (31) 

A proof of this lemma can be obtained using Plancherel’s theorem. 
Lemma 17. Let ( )3

2q L R∈ℜ∩  and 

2
max 1.L k

q q α+ < <  

Then, 
( )0 1 1x α α± =

Ψ > − −                                  (32) 
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( )00 0
1

.
i

x k
i

q C TQq
∞

= =
=

≤ ∑                                 (33) 

To prove this result, one should calculate 
0x± =

Ψ . 

3. Cauchy Problem for the Navier-Stokes Equation 
Numerous studies of the Navier-Stokes equations have been devoted to the problem of the smoothness of its so-
lutions. A good overview of these studies is given in [16]-[20]. The spatial differentiability of the solutions is an 
important factor, this controls their evolution. Obviously, differentiable solutions do not provide an effective 
description of turbulence. Nevertheless, the global solvability and differentiability of the solutions has not been 
proven, and therefore the problem of describing turbulence remains open. It is interesting to study the properties 
of the Fourier transform of solutions of the Navier-Stokes equations. Of particular interest is how they can be 
used in the description of turbulence, and whether they are differentiable. The differentiability of such Fourier 
transforms appears to be related to the appearance or disappearance of resonance, as this implies the absence of 
large energy flows from small to large harmonics, which in turn precludes the appearance of turbulence. Thus, 
obtaining uniform global estimations of the Fourier transform of solutions of the Navier-Stokes equations means 
that the principle modeling of complex flows and related calculations will be based on the Fourier transform 
method. The authors are continuing to research these issues in relation to a numerical weather prediction model; 
this paper provides a theoretical justification for this approach. Consider the Cauchy problem for the Navi-
er-Stokes equations: 

( ) ( ), , ,     div 0tq v q q q p f x t q− ∆ + ∇ = −∇ + =                         (34) 

( )00tq q x
=
=                                      (35) 

in the domain ( )3 0,TQ R T= × , where: 

0div 0.q =                                       (36) 

The problem defined by (34), (35), (36) has at least one weak solution ( ),q p  in the so-called Leray-Hopf 
class [16]. 

The following results have been proved [17]: 
Theorem 5. If 

( ) ( )1 3
0 2 2,     Tq W R f L Q∈ ∈                               (37) 

there is a single generalized solution of (34), (35), (36) in the domain 
1TQ , [ ]1 0,T T∈ , satisfying the following 

conditions: 

( )2,  ,  .t Tq q p L Q∇ ∇ ∈                                 (38) 

Note that 1T  depends on 0q  and f . 
Lemma 18. Let ( ) ( )1 3

0 2 2,  Tq W R f L Q∈ ∈ . Then, 

( ) ( ) ( ) ( )3 3 3
2 2 22

22 2
000

sup d .
T

t

L R L R L QL R
t T

q q q fτ
≤ ≤

+ ∇ ≤ +∫                    (39) 

Our goal is to provide global estimations for the Fourier transforms of the derivatives of the solutions to the 
Navier-Stokes Equations (34)-(36) without requiring the initial velocity and force to be small. We obtain the 
following uniform time estimation. 

Statement 1. The solution of (34), (35), (36) according to Theorem 5 satisfies: 

( ) ( )( )2

30 dv k t

R
q q e q q Fτ τ− −  = + ∇ + ∫  

                          (40) 

where .F p f= −∇ +  
This follows from the definition of the Fourier transform and the theory of linear differential equations. 
Statement 2. The solution of (34), (35), (36) satisfies: 
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2 2
,

i j i
i j i

i j i

k k k
p q q i f

k k
= +∑ ∑ 

                                (41) 

and the following estimations: 

( ) ( ) ( )3 3 3
2 2 2

3 2 1 23L R L R L Rp q q≤ ∇                             (42) 

( )3
2

2
2

2

1 3 .L R

fq
p f q

k kk
∇ ≤ + + ∇ + ∇







                          (43) 

This expression for p  is obtained using div and the Fourier transform presentation. 
Lemma 19. The solution of (34), (35), (36) in Theorem 5 satisfies the following inequalities: 

( ) ( ) ( ) ( )3 332 222

2 22 2
000

sup   d .
T

t

L R L QL RL Rt T
NQq k NQq NQq Qfτ

≤ ≤
+ ≤ +∫                (44) 

Proof this follows from the a priory estimation of Lemma18 and conditions of Lemma 19. 
Lemma 20. Let ( ) ( )1 3

0 2 2,  TQq W R f L Q∈ ∈  Then, the solution of (34), (35), (36) in Theorem 5 satisfies 2 
the following inequalities: 

( ) ( ) ( ) ( )3 332 222
0

2 22 2
00, sup

sup   d sup .
T

t T

t

L R L QL RL R
Qq k Qq Qq f

θ θ
τ

≤ ≤

   + ≤ +     ∫               (45) 

Proof this follows from the a priory estimation of Lemma18 and conditions of Lemma 20. 
Lemma 21. The solution of (34), (35), (36) in Theorem 5 satisfies the following inequalities: 

3 3 3 3

2 2 2 2 4 2 4 2

0 0
d d d const,     d d d const

t t

R R R R
x q x x q x x q x x q xτ τ+ ∇ ≤ + ∇ ≤∫ ∫ ∫ ∫ ∫ ∫      (46) 

or 

( ) ( )3 3 332 2

222 22 2
0 0

d d const,     d d const.
t t

L R R RL R
q k q k q k q kτ τ∇ + ∇ ≤ ∇ + ∇ ≤∫ ∫ ∫ ∫ 

          (47) 

Proof this follows from the a priory estimation of Lemma18, conditions of Lemma 19, the Navier-Stokes eq-
uations. 

Lemma 22. The solution of (34), (35), (36) satisfies the following inequalities: 

( ) ( )3 3
2 2

2 2
0 00

max max sup d
2

t

L R L Rk k t T

Tq q q q τ
≤ ≤

≤ + + ∇∫                        (48) 

( ) ( )3 332 2

2 2
0 00

max max sup d d
2

t

L R L RRk k t T

Tq q q k q k τ
≤ ≤

∇ ≤ ∇ + ∇ + ∇∫ ∫                     (49) 

( ) ( )33 3
2 2

222 2 2 2
0 00

max max sup d d .
2

t

RL R L Rk k t T

Tq q q k q k τ
≤ ≤

∇ ≤ ∇ + ∇ + ∇∫ ∫                   (50) 

Proof this follows from the a priory estimation of Lemma 18, conditions of Lemma 22, the Navier-Stokes eq-
uations. 

Lemma 23. The solution of (34), (35), (36) according to Theorem 5 satisfies ( )const,  0, 2, 4iC i≤ = , where: 

( )
22 2 2

0 1 1 2 1 4 10 0 0
d ,   , ,   d ,   d .

t t t
С F F q q F С F С Fτ τ τ= = ∇ + = ∇ = ∇∫ ∫ ∫                (51) 

Proof this follows from the a priory estimation of Lemma18, the Navier-Stokes equations. 
Lemma 24.Weak solution of problem (34), (35), (36) from Theorem 5 satisfies the following inequalities: 

2

1 2 32,    ,    NQq NQqNQq zM zM zM
z z

∂ ∂
≤ ≤ ≤

∂ ∂
 

where 1 2 3,  ,  M M M  are limited. 
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Let is prove the first estimate. These inequalities 

( ) ( )( )π 2π
10 0

, , d 2π max
2 k p p k

zQq z t q z e e t e z q zM≤ − ≤ ≤∫ ∫    

where 1 const.M =  
Proof now this follows from the a priori estimation of Lemma 18, conditions of Lemma 24, the Navier-Stokes 

equations. 
The rest of estimates are proved similarly. 
Lemma 25. Suppose that q∈ℜ  and max

k
q < ∞  

Then,
 ( ) ( ) ( )3 3 2

2

2 d d max .LR R k

q c q y
x y C q q

x y
≤ +

−
∫ ∫   

Proof. Using Plansherel’s theorem, we get the statement of the lemma. 
This proves Lemma 25. 
Lemma 26. Weak solution of problem (34), (35), (36) from Theorem 5 satisfies the following inequalities 

11
22 0

0
1
2 k

C
Qq Qq

v z e eλ
 ≤ +   − 

                               (52) 

where 

( )
2

0 1 10
d ,     , .

t
С F F q q Fτ= = ∇ +∫   

Proof. From (40) we get 

( ) ( )( )
22

0 10
, dk

t z e e t
kQq Qq e F z e eλν τ

λ τ τ− − −≤ + −∫                       (53) 

where 

( )1 , .F q q F= ∇ +  

Using the notation 

( ) ( )( )
22

10
, dk

t z e e t
kI e F z e eλν τ

λ τ τ− − −= −∫   

taking into account Holder’s inequality in I we obtain: 

( )22

1 1

10 0
d dk

p qp qt tz e e tI e Fλν τ τ τ− − −   ≤    
  

∫ ∫                          (53) 

where p  and q  satisfies the equality 1 1 1p q+ = . Suppose 2p q= = . Then 
1

2 2
1

102
d

1 .
2

t

k

F
I

v z e eλ

τ 
    ≤   − 

∫ 

 

Taking into consideration the estimate I in (53), we obtain the statement of the lemma. 
This proves Lemma 26. 
Lemma 27. Weak solution of problem (34), (35), (36) from Theorem 5 satisfies the following inequalities 

1 11 1 2
2 22 20 0 2 1

22 0

1 14 ,   where  d .
2

t

kk

Qq C C FQq C
z z v v z e e zz e e λλ

α τ
∂ ∂∂    ≤ + + =   ∂ ∂ − ∂−    ∫



      (54) 
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Proof. The underwritten inequalities follows from representation (40) 

( ) ( ) ( )( )

( ) ( )( )

22

22

20
10

1
0

2 , d

               , d ,

k

k

t z e e t
k k

t z e e t
k

QqQq z e e t e F z e e
z z

Fe z e e
z

λ

λ

ν τ
λ λ

ν τ
λ

ν τ τ τ

τ τ

− − −

− − −

∂∂
≤ + − − −

∂ ∂

∂
+ −

∂

∫

∫





 

Let us introduce the following denotation 

( ) ( ) ( )( )
222

1 10
2 , dk

t z e e t
k kI z e e t e F z e eλν τ

λ λν τ τ τ− − −= − − −∫   

( ) ( )( )
22 1

2 0
, dk

t z e e t
k

FI e z e e
z

λν τ
λ τ τ− − − ∂

= −
∂∫


 

then 

0
1 2 .

QqQq I I
z z

∂∂
≤ + +

∂ ∂
 

Estimate I1 by means of 

sup m t

t
t e α− <  

where 0>m  we obtain 

( )( )
22

2
1 10

4 , d .k
tz e et

kI e F z e e
z

λ
τν

λ
α τ τ

−
− −

≤ −∫   

On applying Holder’s inequality, we get 

22

1
1

2
1 10 0

4 d dk
p pt qvz e e qt t

I e F
z

λ
τα τ τ
−

− −    ≤      
∫ ∫   

where p, q satisfies the equality 1 1 1p q+ = . 
For 2p q= =  we have 

1 11 1 2
2 22 20 2 1

1 2 22 0

1 14 ,    ,    d .
2

t

kk

C C FI I C
v v z e e zz e e λλ

α τ
∂   ≤ ≤ =    − ∂−    ∫


 

Inserting 1 2,  I I  in to 
q
z
∂
∂


 

we obtain the statement of the lemma. 
This completes the proof of Lemma 27. 
Lemma 28. Weak solution of problem (34), (35), (36) from Theorem 5 satisfies the following inequalities 

,   ,   ,   ,   ,   

,   ,   
E

E E E

NQq C TNQq C Qq C TQq C NQ q C

TNQ q C Q q C TQ q C

≤ ≤ ≤ ≤ ≤

≤ ≤ ≤
               (55) 

where constC =  
Lemma 25. Let q∈ℜ  and 

max .
k

q < ∞  

Then, 
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( ) ( ) ( ) ( )3 3 2

2

2 d d max .LR R k

q x q y
N q x y C q q

x y
≤ ≤ +

−
∫ ∫                       (56) 

A proof of this lemma can be obtained using Plancherel’s theorem. 
We now obtain uniform time estimations for Rollnik’s norms of the solutions of (34), (35), (36).The follow-

ing (and main) goal is to obtain the same estimations for max
k

q —velocity components of the Cauchy problem 
for the Navier-Stokes equations. 

Let’s consider the influence of the following large scale transformations in Navier-Stokes’ equation on 

1
2

1
2

0
0 21

2
0

,   ,   ,   .
4π

Fv vK t tA v F
A A

v CC
′ ′ ′= = = =

−

 

Statement 3. Let  

( )
1 2
3 30

4 8,   then  .
7

1
A K

v CC
= ≤

+

 

Proof. By the definitions C  and 0C  we have 
11 1 11 12 2 0 02 2

2 3 2

4π 4π 8 .
7

CC CCv vK v v
A A A A

−
−       = − = − <             

 

This proves Statement 3. 
Theorem 6. Let 

( ) ( ) ( ) ( ) ( ) ( ) ( )2 3 2 3 3 2 3
0 2 0 2 2 1 2 1 2,   ,   ,   ,   T T Tq W R q L R f L Q f L Q L R f L Q L R∈ ∇ ∈ ∈ ∈ ∩ ∇ ∈ ∩ 

  

and 

2 22 20 0max const,   max const,   max const,   max const.E EL LL Lk k k k
Qq Qf Q q Q f≤ ≤ ≤ ≤  

Then, there exists a unique generalized solution of (34), (35), (36) satisfying the following inequality:  
3

1
max max constit xi

q
=

≤∑  

where the value of const  depends only on the conditions of the theorem. 
Proof. It suffices to obtain uniform estimates of the maximum velocity components iq , which obviously fol-

low from max ix
q  because uniform estimates allow us to extend the local existence and uniqueness theorem 

over the interval in which they are valid. To estimate the velocity components, Lemma 22 can be used: 

( )
( )

3
2

2
0 0 10 2

3 30

4d 1 ,     .
1

T
i i x L Rv q q t A A

v CC

 = + + = 
 

+
∫  

Using Lemmas (25)-(29) for 

( )3
2

2
00

d 1
T

i i x L Rv q q t A = + + 
 ∫  

we can obtain 1iA α
ΤΑ

< <  where iA  is the amplitude of potential iv  and ( ) 1iN v < . That is, discrete so-
lutions are not significant in proving the theorem, so its assertion follows the conditions of Theorem 6, which 
defines uniform time estimations for the maximum values of the velocity components. 

( ) ( ) ( )3 33 32 2 2

2
0 0

d d const max d .
t t

L R L RR L R
v v k v v vτ τ∇ + ∇ ≤ + ∇ ∇∫ ∫ ∫             (57) 

Theorem 6 asserts the global solvability and uniqueness of the Cauchy problem for the Navier-Stokes equa-
tions. 
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Theorem 7. Let 

( ) ( ) ( ) ( ) ( )2 3 2 3 3
0 2 0 2 2 1 2,   ,   ,   T Tq W R q L R f L Q f L Q L R∈ ∇ ∈ ∈ ∈ ∩

  

( )3
20

lim .L Rt t
q

→
∇ = ∞                                   (58) 

Then, there exists ,  i j  and 0x  

( ) ( )
0 0

0lim ,    or   lim .j jt t t t
x t N qψ

→ →
= ∞ = ∞                           (59) 

Proof. A proof of this lemma can be obtained using i Ac i D iq P q P q= +  and uniform estimates .Ac iP q . 
Theorem 7 describes the loss of smoothness of classical solutions for the Navier-Stokes equations. 
Theorem 7 describes the time blow up of the classical solutions for the Navier-Stokes equations arises, and 

complements the results of Terence Tao [17]. 

4. Conclusion 
New uniform global estimations of solutions of the Navier-Stokes equations indicate that the principle modeling 
of complex flows and related calculations can be based on the Fourier transform method. 
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Abstract 
Based on available evidence, it is hypothesized that the net force of friction on a flat solid wall, 
when fluid flows steadily along it, is reduced by putting one or more grooves in the wall’s surface 
oriented perpendicular to the mean flow. Among the convincing observations are the existence 
and history of golf balls which show that golf balls with dimples travel farther than golf balls 
without dimples. Also there is a laboratory experiment using streak photography of low Reynolds 
number flow along a straight wall with a square cavity in it, illustrating that the flow jumps right 
across the cavity’s opening, strongly suggesting that there is no friction of the fluid on the wall in 
the region of the cavity. One forecast is that if grooves or dimples are made on the inside surface of 
pipes, the discharged rate of the pipe for fluid flow should become increased. 

 
Keywords 
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1. Introduction 
Golf balls have dimples for a good reason, which can be traced back to an accidental discovery in the mid-1800s 
[1]. When small scrapes or nicks occurred in the surface of the ball, observations showed that there was an in-
crease in the distance the ball traveled. By the early 1900s, all golf balls were manufactured with dimples. Is that 
basically the end of the story? What is the root cause of this phenomenon? Apparently there are available no 
other practical applications of the idea behind the dimples of present day golf ball? 

Suppose that, driven by some unspecified force, steady flow of a constant density fluid moves along a flat ri-
gid wall and then encounters a bump in the wall. The bump’s specific shape is not important, but for conveni-
ence small slopes will be assumed. Of necessity the fluid next to the bump must rise up the forward face because 
of the boundary condition that fluid cannot penetrate the solid surface of the bump. Then consider a steady flow 
along a flat rigid wall that comes to a dip (inverse bump) in the wall. There is no corresponding necessity that 
the fluid adjacent to the wall follow the surface downward on the front face of the dip. In general, one would not 
expect such a thing to happen. Note that the upward and downward directions mentioned here have nothing to 
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do with the action of gravity being significant or not. 
In searching through the nine fairly standard fluid dynamics books on my shelf for information on flow past a 

groove, I found only one text with one paragraph on the subject in it: [2]. However, on the previous page is a 
very interesting photograph to go with this paragraph. Streak photography was used to illustrate flow at low 
Reynolds number along a solid flat wall that had a square cavity in it. The depth of the cavity was comparable to 
its width. Assume that the flow was from left to right (the text doesn’t say but the reference cited undoubtedly 
does [3]; it is not important for the present purpose). It is seen that the flow along the wall continues right across 
the opening of the cavity and then goes along the wall again on the other side of the cavity. Although not totally 
counter-intuitive, such an observation is just a bit surprising. Deductions that arise from this observation are 
given below. 

2. Groove Opening 
To begin with, understanding how the flow can go across the groove’s opening needs to be addressed and hope-
fully understood better. Since the flow appears in the photograph to be steady, the streaks make the streamlines 
visible. Along a streamline Bernoulli’s law is expected to hold approximately: where the speed is greatest the 
pressure is least. Thus, across the opening the pressure in the flow is lower than just below the flow in the cavity. 
Although it is seen in the photograph that the flow dips down a small amount at the entrance of the cavity, it is 
prevented from going further into the groove by the upward pressure gradient holding the flow up. 

Strictly speaking Bernoulli’s law is not valid when friction is involved. However, across the gap friction 
within the fluid is less than friction between fluid and solid along the wall because vertical velocity gradients 
will be less in the groove where there is no non-slip boundary condition within the opening. Also the friction 
term to be added to Bernoulli’s law is small if the curvature of the streamlines is small [4], which it is at the 
groove’s opening according to the streak photograph. 

3. Deductions 
An elementary theoretical (analytical) model of flow past a groove appears to be out of reach at present and no 
such model already exists as far as I can determine. Numerical techniques may be brought into service on the 
problem in the future, however. Of course further observations are always welcome. In the interval a few im-
portant deductions can be put forward based on the existing evidence. 

First, it is self-evident from the streak photograph mentioned above that friction between the fluid and the 
solid wall will not only be small in the region of the groove, compared to that on the flat wall on either side of 
the groove, but it may actually have the opposite sign, since there appears to be a weak recirculation within the 
groove. In other words, at the bottom of the groove the friction force probably points upstream! Confirmation by 
observations of the reduction in friction by the presence of a groove is badly needed. This possible outcome of 
the effect of a groove on the total friction of the fluid on the wall was not mentioned in the above reference [2]. 

Second, if one groove reduces the net friction on the wall, even by a tiny fraction, then more grooves should 
reduce friction by a greater amount. For example, assuming friction reduction is their main purpose, there are 
about as many dimples on a golf ball as can be fitted in: well over one hundred [1]. 

4. Discussion 
During translation through the air a golf ball almost always rotates about an axis that passes through the ball, the 
way the game is normally played. That introduces another force into the problem: the sideways acting Magnus 
effect. Then confusion can enter because the Magnus effect does have an influence on the distance the ball tra-
vels. If a golf ball can be struck without rotation, and if a ball with dimples consistently travels farther than a 
smooth ball, a stronger case could be made that the dimples reduce the friction between the air and the ball. 

While waiting for experimental verification of the two deductions stated above about friction reduction by 
grooves in a solid boundary, one other application can be hazarded. Dents could be placed on the inside surface 
of pipes to see if the discharge rate increases. Or circular grooves could be made inside in planes parallel to ver-
tical cross-sections of the pipe, whichever would lead to the greater result or be easier to make or both. 

5. Conclusion 
It is concluded that a flat solid wall experiences less friction from a fluid flowing next to it if there are one or 
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more grooves cut into the wall’s surface in the direction normal to the mean flow. Laboratory observations 
strongly suggest that the conclusion is valid but further measurements are needed to confirm it. Assuming the 
conclusion is right, then it should also be true that a pipe will have a greater discharge rate of fluid flow when 
grooves are cut into the inside surface. 
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