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Section 1.Biology, Medicine, Chemistry

1, Srikumar Chakravarthi2 *,
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Nagaraja Haleagrahara4

1Faculty of Medicine, Australian National University, Canberra, Australia.
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Graduate School of Medicine, Selangor, Malaysia.
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International Medical University, Kuala Lumpur, Malaysia.

4Faculty of Medicine, Health and Molecular Science,
James Cook University, Townsuville, Australia.

Therapeutic Effect of Curcumin Supplementation in the
Modulation of NF-kB Responsive Genes in a Collagen-
induced Arthritis Rat Model

1. INTRODUCTION

Curcumin, also known as diferuloylmethane, is a natural compound and
principal curcuminoid of turmeric has been used in Indian Ayurvedic medicine for
various diseases and ailments, besides culinary and textile use due to its
characteristic yellow colour [1,2]. There are overwhelming evidences on various
properties of curcumin. The widely studied properties are anti-inflammatory,
antioxidant and anticancer [2]. Thus, it has a potential against various inflammatory
diseases, malignancy, allergies and other chronic illnesses. Curcumin has been
extensively studied for its anti-inflammatory properties, and discovery of various
pathways on how curcumin exert this effect have been found [3—6]. One of them is
through the inhibition of nuclear factor kappa B (NF-kB), transcription factor
involved in inflammation [7].

Nuclear factor kappa B (NF-kB) transcription factors are a family of
structurally related eukaryotic transcription factors that promote the expression of well
over 150 genes involved in a variety of cellular process [8]. Numerous studies have
reported that the NF-kB proteins have diverse roles in B-cell development,
proliferation, and effector functions, as well as proliferation of T-cell [9]. Synovial
tissue, both human and several animal models of rheumatoid arthritis (RAO have
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been shown to ubiquitously express NF-kB [10,11]. One such animal model is
collagen-induced arthritis (CIA).

Rheumatoid arthritis is one of the oldest known afflictions to mankind [12]
and also the commonest form of chronic polyarthritis [13]. It is characterised as
chronic, systemic inflammatory disorder that mainly attacks the joints, in addition to
various other tissues and organs such as skin, blood vessels, heart, lungs and
muscles [14]. A systematic review conducted in 2005 based on the 1987 American
College of Rheumatology Criteria revealed that estimated prevalence of RA
worldwide is between 0.2% and 1.2% [15]. Population-based studies on
epidemiology of RA are limited especially in the developing countries.

However, available evidence suggests that incidence of RA is skewing towards
elderly age of onset and the incidence in women is on the rise. The mortality rate
for the elderly population with RA is on the rise likely due to multi systemic
manidestation of RA [16]. To date, the exact cause of RA has not been
demonstrated. Studies have shown that the aetiology is multifactorial, which takes
genetic factors [17] and environmental factors [18,19].

There is no cure for RA. Current treatment options focus improving the quality of
life of a RA patient. Disease modifying anti-rheumatic drugs (DMARDSs), biologics and
non-steroidal anti-inflammatory drugs (NSAIDs) are the frequently used therapeutics
for the treatment of RA [20]. In spite of variety of treatment options available, a need
for a safer and more efficient drug is still there. This is mainly due to the financial
burden and side effects associated with current therapeutic option. Hence, the
spotlight is being diverted toward natural compounds, which aid the boost of the
“nutraceutical revolution”.

NF-kB plays a substantial role in rheumatoid arthritis and has been under the
spotlight as a new potential therapeutic target for the treatment of RA [11,21]. Thus,
we aim to assess the therapeutic effect of curcumin supplementation in modulating the
expression of NF-kB in the joints of CIA rats.

2. MATERIALS AND METHODS

2.1 Experimental Animals

Female, Dark Agouti rats, were obtained at 6-10 weeks old from Institute
of Medical Research (IMR), Malaysia and were acclimatized and maintained in
Laboratory Animal House, International Medical University (IMU) under specific
pathogen-free conditions. Each treatment group consisted of 6 rats.

2.2 Development of CIA

Collagen from chicken sternal cartilage Type I|I, Complete Freund’s Adjuvant
(CFA), Acetic Acid 99.8% was purchased from Sigma Aldrich, USA. Collagen




Fundamental and Applied Studies in America, E 9

induced arthritis was developed in the rats according to the protocol described by
Brand et al. [22]. The type Il collagen was reconstituted in 5 ml of 0.1M cold acetic
acid and was added to the Complete Freund’s Adjuvant (CFA) at a ratio of 1:1.
The mixture was later homogenised for approximately 20 minutes at 4°C.
Approximately 0.2 — 0.4 ml emulsion was then injected intradermally at the rat’s
base of tail under general anaesthesia using diethyl ether. This amount the
collagen-CFA emulsion injected was adjusted to the body weight of the rat on day 1
of arthritis induction. The optimum concentration of emulsion to be injected was
previously determined through a pilot study conducted in International Medical
University [23].

2.3 Preparation and Administration of Treatments

Curcumin (>95%) was purchased from Natural Remedies, India, 299%
crystalline Acetylsalicylic acid from Sigma Aldrich, USA. Curcumin was prepared in a
standard vehicle of 0.5 — 0.7 ml 100% olive oil. The amount administered was at
concentrations of 500 mg/kg, 1000 mg/kg, 2000 mg/kg based on the weight of the rat
at day 25 for arthritic groups. This dosage was selected based on previous
established works [5]. As curcumin was delivered by oral gavage using a gavage
tube, direct entry into the gastrointestinal surface was ensured. Moreover, the
gavage was done on empty stomach before the actual feeding, hence ensuring
optimum absorption without much wastage. Body weight is measured every 4 days
and the dosage is changed accordingly for each rat during the treatment period.
Appropriate quantities of curcumin were added to falcon tubes containing olive oil
and thoroughly mixed using a sonicator ensuring both oil particles have combined to
an even mixture. The compound was stored wrapped in aluminum foil, as it is
light sensitive. Treatment was administered as oral supplementation daily using
syringes without needle from day 25 to day 38 for 3 arthritic groups at the
aforementioned concentrations respectively. Aspirin was similarly dissolved in water
at a concentration of 3 mg/ml. Each rat received a dosage 25 mg/kg aspirin based on
the weight at day 25 for arthritic group daily for 14 days. Body weight is measured
every 4 days and the dosage is changed accordingly for each rat during the
treatment period. Combination treatments were also administered to three arthritic
groups; 500 mg/kg curcumin and 25 mg/kg aspirin; 1000 mg/kg curcumin and 25
mg/kg aspirin; 2000 mg/kg curcumin and 25 mg/kg aspirin from day 25 to 38. One
non-induced group received only 0.5ml olive oil from day 25 to 38, and one
arthritic group received 25 mg/kg aspirin, which were used as negative and positive
control group.

2.4 Histological Examination

The knee joints of the rats were collected on day 39 of experimental cycle and
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were fixed in 10% formalin, decalcified, trimmed, and embedded. After sectioning, the
slides were stained using haematoxylin and eosin staining. The slides were scored
by a qualified pathologist based on these criteria; oedema, cellular infiltration, joint
space, synovial hyperplasia, fibrosis and erosion (see Table 1). This grading system
was developed by a previous study [24].

2.5 Immunohistochemistry

The degree of inflammation in the rats was assessed using NF-kB levels in the
knee joints. Rabbit polyclonal antibody to NF-kB p65 were purchased from ABCAM,
UK. It was utilized to assess and grade the level of NF-kB in the knee joints
through immunohistochemistry Table 1.

2.6 Cytokines (TNF-a and IL-1B) and Gluthathione Peroxidase Levels

On the last day of the experimental cycle (day 39), blood samples were
collected from the animals. After anesthetization with ether, approximately 3-5 ml of
blood was obtained from each rat through cardiac puncture, resulting in its death.
Tumour Necrosis Factor Alpha (TNF-a) and Interleukin — 1 Beta (IL-13) levels were
quantified using the rat TNF-alpha Platinum ELISA kit (eBioscience, USA) and rat IL-
1 beta Tissue Culture ELISA Ready-SET-Go!® kit (Cayman Chemical, USA)
respectively. Gluthathione Peroxidase assay kit (Cayman Chemical, USA) was used
to quantify the Gluthathione Peroxidase (GPx) levels. All the procedures were
followed according to the respective manufacturer’s protocol.

2.7 Statistical Analysis

All data was analysed using SPSS v.18 (SPSS Inc, Chicago, IL, USA). Mann
Whitney U test for nonparametric data was used to analyse the arthritic scores and
NF-kB expression. Data from ELISA was analysed using one-way ANOVA followed by
Tukey’s test. For all the tests, p = 0.05 was considered to be significant.

3. RESULTS AND DISCUSSION
3.1 Histopathological Analysis

Fig. 1 The histological change was scored in the knee of normal and CIA rats.
A) Normal, wide joint space (red arrow) and presence of healthy cartilage (blue
arrow) is seen in the non-induced + vehicle group (H &E, 200x). B) Synovial
hyperplasia (blue arrow), characteristic finding in RA is seen in arthritis + vehicle
group (H&E, 200x). C) Synovial hyperplasia (blue arrow) seeping into the joint
space is seen in this arthritis + 500 mg/kg curcumin group (H&E, 200x). D) Low level
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of inflammatory cells (blue arrow) and granulation tissue is seen in this arthritis + 25
mg/kg aspirin indicative of tissue healing (H&E, 200x). E) Presence of fresh cartilage
proliferation (blue arrow) is found in this arthritis + 500 mg/kg curcumin + 25 mg/kg
aspirin group (H&E, 200x). F) A healthy looking joint is shown with no signs of
inflammation in the arthritis + 2000 mg/kg curcumin + 25 mg/kg aspirin group (H&E,
100x).

One day following the induction of CIA, the physical activity level of the rats
decreased. On day 7 after induction, the swelling of the knee joint started and
reached its peak on day 21. The rats started to limp or drag both its hind paws while
moving by day 21. On histological examination of the knee joint, the non-induced
group (vehicle) exhibited no signs of inflammatory changes. However, the arthritis
(vehicle) and arthritis + 500 mg/kg curcumin group exhibited all signs of inflammation
(oedema, inflammatory cell infiltration, joint space narrowing, snynovial hyperplasia,
fibrosis and erosion). Similar findings were found in arthritis (vehicle) group
(p>0.05). Interestingly, arthritis + 1000 mg/kg curcumin, arthritis + 2000 mg/kg
curcumin and arthritis + 25 mg/kg aspirin all exhibited reduced inflammatory
features and signs of healing (p<0.01). Combination treatment groups which are
arthritis + 500 mg/kg curcumin + 25 mg/kg aspirin, arthritis + 1000 mg/kg curcumin +
25 mg/kg aspirin and arthritis + 2000 mg/kg curcumin + 25 mg/kg aspirin group
showed reduced inflammation and healing when compared to arthritis (vehicle)
group (p<0.05). When curcumin alone treated groups (500 mg/kg, 1000 mg/kg,
2000 mg/kg) and combination treatment groups compared with arthritis + 25 mg/kg
aspirin group, there were no significant difference found in terms of inflammatory
features (p>0.05) on histology examination.

3.2 NF-kB Immunohistochemistry

Fig. 2 immunohistochemistry for NF-kB p65 antibody was performed on the
knee joints, which is stained brown on the tissue sections. A) A scattered
expression of NF-kB expression is seen in the non-induced (vehicle) group (IHC,
200x). B) An extensive expression of NF-kB is seen in the arthritis (vehicle) group
(IHC, 200x) (blue arrows) C) Arthritis + 1000 mg/kg curcumin groups exhibits a
moderate level of NF-kB expression (IHC,200x) (blue arrows) D) Low level of
expression is seen in arthritis + 2000 mg/kg curcumin group (IHC, 200x). E) & F)
Mild expression of NF-kB is seen in both arthritis + 25 mg/kg aspirin and arthritis +
2000 mg/kg curcumin + 25 mg/kg aspirin group (IHC, 200x).
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Fig. 1. The histological change was scored in the knee of normal and CIA rats. A)
Normal, wide joint space (red arrow) and presence of healthy cartilage (blue arrow) is
seen in the non-induced + vehicle group (H &E, 200x). B) Synovial hyperplasia (blue
arrow), characteristic finding in RA is seen in arthritis + vehicle group (H&E, 200x). C)
Synovial hyperplasia (blue arrow) seeping into the joint space is seen in this arthritis
+ 500 mg/kg curcumin group (H&E, 200x). D) Low level of inflammatory cells (blue
arrow) and granulation tissue is seen in this arthritis + 25 mg/kg aspirin indicative of
tissue healing (H&E, 200x). E) Presence of fresh cartilage proliferation (blue arrow) is
found in this arthritis + 500 mg/kg curcumin + 25 mg/kg aspirin group (H&E, 200x). F)
A healthy looking joint is shown with no signs of inflammation in the arthritis + 2000
mg/kg curcumin + 25 mg/kg aspirin group (H&E, 100x)
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Fig. 2. Immunohistochemistry for NF-kB p65 antibody was performed on the knee
joints, which is stained brown on the tissue sections. A) A scattered expression of
NF-kB expression is seen in the non-induced ( vehicle) group (IHC, 200x). B) An
extensive expression of NF-kB is seen in the arthritis (vehicle) group (IHC, 200x) (blue
arrows) C) Arthritis + 1000 mg/kg curcumin groups exhibits a moderate level of NF-kB
expression (IHC,200x) (blue arrows) D) Low level of expression is seen in arthritis +
2000 mg/kg curcumin group (IHC, 200x). E) & F) Mild expression of NF-kB is seen in
both arthritis + 25 mg/kg aspirin and arthritis + 2000 mg/kg curcumin + 25 mg/kg
aspirin group (IHC, 200x).

As seen in Fig. 2, the NF-kB expression in the arthritis (vehicle) group was
significantly higher than the non-induced (vehicle) group (p<0.01). Significant
reduction in NF-kB expression was observed in arthritis + 25 mg/kg aspirin
(p<0.01), arthritis + 1000 mg/kg curcumin (p<0.01) and arthritis + 2000 mg/kg
curcumin (p<0.01) groups when compared with arthritis (vehicle) group. Significant
reduction of NF-kB was found in all the combination treatment groups when compared
to the arthritis (vehicle) group (p<0.01). Comparison were also made between arthritis
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+ 25 mg/kg aspirin and all the combination treatment groups, which revealed good
correlation (p<0.01) except in arthritis + 500 mg/kg curcumin + 25 mg/kg aspirin
group (p<0.05).

3.3 TNF-a and IL-183 Levels

In  comparison with non-induced (vehicle) groups, TNF-a level was
significantly higher in arthritis (vehicle) group (p=0.05). This level continued to
decrease until the level was almost similar in arthritis + 2000 mg/kg curcumin to the
level in the non-induced (vehicle) group. Interestingly, the TNF-a levels in the arthritis
+ 500 mg/kg curcumin + 25 mg/kg aspirin and arthritis + 1000 mg/kg curcumin + 25
mg/kg aspirin were higher than arthritis and 25 mg/kg aspirin group (p=0.05).
However, the levels were similar between arthritis + 2000 mg/kg curcumin + 25
mg./kg aspirin and arthritis + 25 mg/kg aspirin group, with no significant difference
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Fig. 3. TNF-a and IL-1B Levels
Significance: * p=0.05 Non-induced vs other groups; + p=0.05 Arthritis alone Vs other groups;
Arthritis aspirin Vs other groups = p=0.03
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A very similar pattern was seen in term of IL-1B expression as well. The
arthritis (vehicle) group expressed significantly higher levels of IL-18 compared to non-
induced (vehicle) group (p=0.05). However, only significant reduction of IL-13 levels
were only seen in arthritis + 1000 mg/kg curcumin and arthritis + 2000 mg/kg
curcumin groups (p=0.05). In the combination treatment groups, arthritis + 1000
mg/kg curcumin + 25 mg/kg aspirin and arthritis + 2000 mg/kg curcumin + 25
mg/kg aspirin groups expressed significantly lower levels of IL-1[3 levels compared to
the arthritis + 25 mg/kg aspirin group (p=0.05).

3.4 Gluthathione Peroxidase Activity Level

Gluthathione peroxidase levels was significantly higher in the non-induced
(vehicle) group in comparison to all other groups (p=0.05). Nonetheless, arthritis +
500 mg/kg curcumin, arthritis + 1000 mg/kg curcumin and arthritis + 2000 mg/kg
curcumin showed significant increase in GPx level when compared to the arthritis
(vehicle) group (p=0.05). Similarly, all the combination treatments groups showed
significant increase when compared to the same group (p=0.05). Only arthritis +
2000 mg/kg curcumin + 25 mg/kg aspirin group showed significant increase in GPx
level when compared to arthritis + 25 mg/kg aspirin group (p=0.05).

This study was done to observe the effect of curcumin in arthritis and also its
relationship with the function of NF-kB. Curcumin has been widely used as a
therapeutic agent in traditional medicine for several centuries. Scientific studies on
role of curcumin in health related conditions are fairly new in the research world.
Much of the research in curcumin has been focused in areas like, cancer, wound
healing, malaria and just to name a few [25].

Effect of curcumin in arthritis has not been studied much except for a few
research works which have highlighted the role of curcumin in arthritis. Mun et al.
demonstrated that oral administration of curcumin ameliorates type Il collagen-
induced arthritis in mice. They also reported that it inhibits the production of
matrix metalloproteinase-1 and matrix mettaloproteinase Ill production in CIA is
mediated through the inhibition of protein kinase C& (PKCd) and the JNK/c-Jun
signaling pathway [26].

Rheumatoid arthritis involves several cytokines in its pathogenesis.
However, TNF-a is considered to be at the apex of of cytokine cascade that lead to
pathological changes in RA. Development of anti TNF-a therapy has been successful
in disease remission to a certain extent [14,15]. Interleukin-1B is another main
cytokines that contribute to the disease progression and therapy against this
cytokine has been proven effective [15,16]. Oxidative damage by free oxygen
radical has been associated in the pathobiology of rheumatoid arthritis.
Glutathione peroxidase dependent mechanism is one of the pathway
erythrocyte utilized to scavenge free oxygen radical, in order to minimize the
extent of damage to tissue [17].

On another study conducted by Okamoto et al., similar finding was
reported, through inhibition of Interleukin-17 (IL-17) [27]. Recently, a clinical trial was
carried out by Chandran et al. on the efficacy and safety of curcumin on active
rheumatoid arthritis patients, which was then proven to be more effective than
diclofenac sodium, an established anti-inflammatory. No adverse events was
reported [28]. Hence, it is justifiable to study its effect in management of rheumatoid
arthritis [29].
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The role of NF-kB in arthritis is an established one. It has proinflammatory
properties and is expected to increase the level of inflammation and hence,
would be expected in high concentration when there is arthritis, whether the
arthritis is an active form of disease or whether there is a certain amount of
healing [30]. Therefore, the level of NF-kB would vary depending on the tissues in
the joints in normal, inflammatory, healing, and healed tissue.

Nuclear factor kappa-B in arthritis has been studied extensively, some of
which have been referred to in this study. Yamasaki et al. proved that NF-kB is
highly expressed in synovial tissue from rheumatoid arthritis patients [31].
Inhibitor of nuclear factor kappa B kinase (IKKB) activation, causes the NF-kB
translocation into the nucleus to initiate inflammatory response. This was
demonstrated in Lewis rats by Tak et al [32]. To further clarify the role of NF-kB,
Tsuchiya et al., proved that inhibition of translocation of NF-kB to the nucleus
resulted in reduction of cytokines production that is involved in rheumatoid arthritis
[33,34].

In the histopathology study, there were no morphological changes in the
non-induced + vehicle group. However, in the arthritis (vehicle) and arthritis + 500
mg/kg curcumin, there was extensive damage to the joint including oedema,
inflammatory cell infiltrates, joint space narrowing, synovial hyperplasia, fibrosis
and bone erosion. This difference was significant (p<0.05) when compared to the
control group.

Observation on the arthritis + 1000 mg/kg curcumin, arthritis + 2000 mg/kg
curcumin and all combination treatment groups and arthritis + 25 mg/kg aspirin
showed a significant reduction in pathology and also areas of healing as
suggested by the presence of granulation tissue which is seen as proliferation of
small blood vessels and fibroblast. Our histopathological changes due to
curcumin at higher doses treatment after induction of arthritis were
comparable to studies done. [26,35].

Non-induced group (vehicle) showed nil or scattered expression of NF-kB.
Over expression of NF-kB was seen in arthritis (vehicle) and arthritis + 500 mg/kg
curcumin. Arthritis + 1000 mg/kg curcumin, arthritis + 2000 mg/kg curcumin,
arthritis + 25 mg/kg aspirin and all combination treatment groups showed low to
moderate expression. Combination group of 1000 mg/kg curcumin and 2000
mg/kg curcumin together 25 mg/kg aspirin, showed significant result when
compared to aspirin treated arthritic group (p<0.05).

In short, inflammatory response was lower at higher doses of curcumin,
and it was even better when given together with aspirin. Several studies have
documented inhibition of NF-kB by curcumin, but only in cell line by Singh et al. [7].

Both TNF-a and IL-1B levels were found to be increased in the arthritis
groups and comparatively decreased in all the treated groups with more
prominent reduction observed as curcumin dosages increased, along with
aspirin. It was even more reduced in combination treatment groups.

Glutathione peroxidase was found to be decreased in the arthritis (vehicle)
and arthritis + 500 mg/kg curcumin groups and showed increasing levels in the
healing groups and this were comparable to negative control group. Combination
group again showed higher levels of GPx than aspirin treated arthritic group. These
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reduction of TNF-a and IL-13 and increase in GPx level in amelioration of CIA
due to treatment were consistent with several other studies [36,37].

Based on these findings, curcumin given after arthritis in high doses,
shows effects of healing and this results were comparable to positive control
group, which is the arthritic group treated with 25 mg/kg aspirin. Curcumin given
in combination with aspirin, showed better reduction in pathology in arthritic group
compared to positive control group, especially with higher doses of curcumin.

4. CONCLUSION

In this study, curcumin has been found to have a therapeutic effect in the
treatment of CIA in DA rats, however only at higher doses. The action of curcumin
has an inverse proportional relationship with NF-kB expression as observed in
other studies. It also shows that combination treatment of aspirin and
curcumin is beneficial in CIA, which need further research including clinical
trials. This can bring about major changed in the treatment of rheumatoid
arthritis with fewer side effects that is currently through the use of natural
compounds like curcumin.

For future study, this therapeutic effect of curcumin on the expression of NF-
kB in CIA may be reaffimed by real time polymerase chain reaction (q-PCR)
method. In the next level of animal study, curcumin can be compared to a
primary anti-rheumatic drug, such as methotrexate to further assess its
therapeutic efficacy.

CONSENT
Consent was not applicable in this work as this was an animal study.
ETHICAL APPROVAL

All authors hereby declare that "Principles of laboratory animal care" were
followed. All experiments have been examined and approved by the research and
ethics committee of International Medical University, Malaysia.

ACKNOWLEDGEMENTS

This project was funded by a research grant (Grant no. BS112010-95000,
2012-13) from the International Medical University, Kuala Lumpur, Malaysia.

COMPETING INTERESTS
Authors have declared that no competing interests exist.
REFERENCES

1. Ammon HP, Wahl MA. Pharmacology of Curcuma longa. Planta Med. 1991;
57(1):1-7.



Fundamental and Applied Studies in America, E 19

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

Sharma RA, Gescher AJ, Steward WP. Curcumin: the story so far. European
journal of cancer. 2005; 41(13):1955-68.

Flynn DL, Rafferty MF, Boctor AM. Inhibition of 5-hydroxy-eicosatetraenoic
acid (5-HETE) formation in intact human neutrophils by naturally-occurring
diarylheptanoids: inhibitory activities of curcuminoids and yakuchinones.
Prostaglandins, Leukotrienes and Medicine. 1986; 22(3):357-60.

Gupta B, Ghosh B. Curcuma longa inhibits TNF-a induced expression of
adhesion molecules on human umbilical vein endothelial cells.
International Journal of Immunopharmacology. 1999; 21(11):745-57.

Xu YX, Pindolia KR, Janakiraman N, Noth CJ, Chapman RA, Gautam SC.
Curcumin, a compound with anti-inflammatory and anti-oxidant properties,
down-regulates chemokine expression in bone marrow stromal cells.
Experimental hematology. 1997; 25(5):413-22.

Okada K, Wangpoengtrakul C, Tanaka T, Toyokuni S, Uchida K, Osawa T.
Curcumin and especially tetrahydrocurcumin ameliorate oxidative stress-
induced renal injury in mice. Journal of Nutrition. 2001; 131(8):2090-5.

Singh S, Aggarwal BB. Activation of transcription factor NF-kappa B is
suppressed by curcumin (diferuloylmethane). The Journal of Biological
Chemistry. 1995; 270(42):24995-5000.

Ghosh S, May MJ, Kopp EB. NF-kappa B and Rel proteins: evolutionarily
conserved mediators of immune responses. Annual Review of Immunology.
1998; 16:225-60.

Kumar A, Takada Y, Boriek AM, Aggarwal BB. Nuclear factor-kappaB: its role
in health and disease. Journal of Molecular Medicine. 2004; 82(7):434—48.
Huber LC, Distler O, Tarner I, Gay RE, Gay S, Pap T. Synovial fibroblasts: key
players in rheumatoid arthritis. Rheumatology (Oxford). 2006; 45(6):669—75.
Makarov SS. NF-kappaB in rheumatoid arthritis: a pivotal regulator of
inflammation, hyperplasia, and tissue destruction. Arthritis Research. 2001,
3(4):200-6.

Rothschild BM, Turner KR, DelLuca MA. Symmetrical erosive peripheral
polyarthritis in the Late Archaic Period of Alabama. Science. 1988;
241(4872):1498-501.

Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. Bulletin of
the World Health Organization. 2003; 81(9):646-56.

Khurana R, Berney SM. Clinical aspects of rheumatoid arthritis.
Pathophysiology. 2005; 12(3):153-65.

Alamanos Y, Voulgari PV, Drosos AA. Incidence and prevalence of
rheumatoid arthritis, based on the 1987 American College of Rheumatology
criteria: a systematic review. Seminars in arthritis and rheumatism. 2006;
36(3):182-8.

Gabriel SE, Michaud K. Epidemiological studies in incidence, prevalence,
mortality, and comorbidity of the rheumatic diseases. Arthritis
Research & Therapy. 2009; 11(3):229.

MacGregor AJ, Snieder H, Rigby AS, Koskenvuo M, Kaprino J, Aho K,
Silman AJ. Characterizing the quantitative genetic contribution to rheumatoid
arthritis using data from twins. Arthritis & Rheumatism. 2000; 43(1):30-7.



20
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

ed Studies in America, Europe, Asia and Africa

Silman AJ, Newman J, MacGregor AJ. Cigarette smoking increases the
risk of rheumatoid arthritis. Results from a nationwide study of disease-
discordant twins. Arthritis & Rheumatism. 1996; 39(5):732-5.

Klareskog L, Padyukov L, Ronnelid J, Alfredsson L. Genes, environment and
immunity in the development of rheumatoid arthritis. Current Opinion
in  Immunology. 2006;18(6):650-5.

Smolen JS, Aletaha D, Koeller M, Weisman MH, Emery P. New
therapies for treatment of rheumatoid arthritis. Lancet. 2007;370(9602):1861—
74.

Firestein GS. NF-kappaB: Holy Grail for rheumatoid arthritis? Arthritis &
Rheumatism. 2004; 50(8):2381-86.

Brand DD, Latham KA, Rosloniec EF. Collagen-induced arthritis. Nature
protocols. 2007;2(5):1269-75.

Tudave D, Radhakrishnan A, Chakravarthi S, Haleagrahara N. Modulation
of C-reactive protein and tumour necrosis factor-alpha in collagen-induced
arthritis in Dark Agouti rats: impact of collagen concentration on severity of
arthritis. Inflammation Research. 2011; 60(10):897-907.

Lee KH, Chen YS, Judson JP, Chakravarthi S, Sim YM, Er HM. The effect
of water extracts of Euphorbia hirta on cartilage degeneration in arthritic
rats. Malaysian Journal of Pathology. 2008; 30(2):95-102.

Tan Jackie, Nagaraja HS, Srikumar Chakravarthi. Antioxidant effects of
Etlingera elatior flower extract against lead acetate - induced perturbations
in free radical scavenging enzymes and lipid peroxidation in rats. BMC
Research Notes. 2011;(4)67:1-8.

Mun SH, Kim HS, Kim JW, Ko NY, Kim do K, Lee BY, et al. Oral
administration of curcumin suppresses production of matrix metalloproteinase
(MMP ) -1 and MMP-3 to Ameliorate Collagen-Induced Arthritis(1: Inhibition of
the PKCd / JNK / c-dJun Pathway. Journal of Pharmacological Sciences.
2009;111(1):13-21.

Okamoto Y, Tanaka M, Fukui T, Masuzawa T. Inhibition of interleukin 17
production by curcumin in mice with collagen-induced arthritis. Biomedical
Rese-arch. 2011; 22(3):299-304.

Chandran B, Goel A. A Randomized, Pilot Study to Assess the Efficacy and
Safety of Curcumin in Patients with Active Rheumatoid Arthritis.
Phytotherapy research. 2012; 26(11):1719-25.

Xuzhu G, Komai-Koma M, Leung BP, Howe HS, McSharry C, Mclnnes IB,
et al. Resveratrol modulates murine collagen-induced arthritis by inhibiting Th17 and
B-cell function. Annals of the Rheumatic Diseases. 2012; 71(1):129-35.

Nagaraja HS, Ravinder Jassal, Srikumar Chakravarthi, Thanikachalam P,
Nagarajah Lee, Anupama BK. Apigenin effects on Cyclosporine-A Induced
Changes in Lipid Hydroperoxides and Total Antioxidants in Sprague-Dawley
Rats. Journal of Chinese Clinical Medicine. 2009; 4(1):26-31.

Yamasaki S, Kawakami A, Nakashima T, Nakamura H, Kamachi M, Honda
S, et al. Importance of NF-kappaB in rheumatoid synovial tissues: in
situ NF-kappaB expression and In vitro study using cultured synovial cells.
Annals of the Rheumatic Diseases. 2001; 60(7):678—-84.



Fundamental and Applied Studies in America, Europ 21

32.

33.

34.

35.

36.

37.

Tak P, Gerlag D, Aupperle K, Van De Geest DA, Overbeek M, Bennett BL,
et al. Inhibitor of nuclear factor kB kinase B is a key regulator of synovial
inflammation. Arthritis & Rheumatism. 2001;44(8):1897-907.

Tsuchiya A, Imai K, Asamitsu K, Waguri-nagaya Y, Otsuka T, Okamoto T.
Inhibition of inflammatory cytokine production from rheumatoid synovial
fibroblasts by a novel IKB kinase inhibitor. Journal of Pharmacology and
Experimental Therapeutics. 2010; 333(1):236—43.

Nagaraja Haleagrahara, Tan Jackie, Srikumar Chakravarthi, Anupama
Bangra Kulur. Protective effect of alpha-lipoic acid against lead acetate-
induced oxidative stress in the bone marrow of rats. International Journal of
Pharmacology. 2011;1-11.

Nagaraja HS, Srikumar Chakravarthi, Lee N, Tan Mun Yee. Protective
effect of N-acetylcysteine on cyclosporine a induced changes in lipid
hydroperoxide levels and renal dysfunction in rats. Archives of Medical
Science. 2009;5(1):16-22.

Ganesan K, Tiwari M, Balachandran C, Manohar BM, Puvanakrishnan R.
Estrogen and testosterone attenuate extracellular matrix loss in collagen-
induced arthritis in rats. Calcified Tissue International. 2008; 83(5):354—64.
British Journal of Medicine & Medical Research, 4(15): 2940-2954, 2014

Wu H, Maron R, Tukpah A. Mucosal anti-CD3 monoclonal antibody
attenuates collagen-induced arthritis that is associated with induction of LAP+
regulatory T cells and is enhanced by administration of an emulsome-
based Th2-skewing adjuvant. Journal of Immunology. 2010; 185(6):3401—7.



22 Applied Studies in America, Europe, Asia and Africa

Izosimov Alexander, PhD; Petinov Oleg,

Academician RAN, Professor; Berezin Igor, Izosimov Artem,
Limited liability Company

“EVEDENCE-BASED MEDICINE”

Automated electronic system of diagnostics and non-surgical
treatment of intestinal invagination in children on the basis of
volume-manometric tests

Hzocumoe A.H., k.m.n.; Illemunoe O.B.,
axademux PAH, npogheccop;

bepezun H./I., H30cumoe A.A.,

00O «/[OKA3ATEJIBHAA MEJIHUL[HHA»

ABTOMATH3HPOBAHHASA YJIEKTPOHHAS CHCTEMAa IMATHOCTUKH M
0e30MepauoOHHOrO JIeYeHHsI KUIeYHO! MHBATHHALIMHM Y JIeTeil Ha
OCHOBE 00bEMHO-MAHOMETPHUYECKON MPOObI

BBenenue

WHBarvHamus KMIIEYHUKA Yy JETeH - O/IHA M3 aKTyallbHBIX MPOOJIEM IETCKOH XUPYpPIHH,
MpENCTaBIsieT Cco0OW BHEIPEHHE OJHOIO0 ydYacTKa KUIIKK B JPYrod U  SBISAETCS
pacrmipoctpaneHHbIM (110 4 ciaydaeB Ha 1000 HOBOPOK/IEHHBIX) OMACHBIM 3a00JICBAHUEM Y JIETEH
B Bo3pacte oT 5 1o 10 MecsieB, B OCHOBHOM, MaJIbuuKoB [1]. JleTanbHOCTh TIpH MHBAaruHAIUU
KUILIEYHUKA, 110 TaHHBIM BcemupHoii opranuzanuu 3apaBooxpanenus (BO3), nocturaer 55 %.

Pe3ynprarhl HM3ydyeHUs HAy4YHOW JIMTEpATypbl IO JIaHHOW TEM€ MOKa3aiu, 4YTO NP
JICYCHUM  KUIIEYHOM WHBarMHallUM Yy JIeTed  JomyckaeTcs  OOoJIbIIoe  KOJIUYECTBO
JTUArHOCTHYECKHUX OLIMOOK, OCTAIOTCS 3aBBINICHHBIMU MOKA3aHUSI K XUPYPrHUECKOMY JICUEHHUIO,
HET JOCTOBEPHOIO HEWHBA3WBHOI'O METOJA ONPEACICHUS HaJIU4Msl WIHA OTCYTCTBUS
MHBAarvHallUM KUIIEYHUKA U TIOJTBEPKACHUS €€ pacrpasienus [2,3].

JlaHHOE OOCTOSATENHCTBO HATOJKHYJIO HAC HA MBICIH, YTO CBOEBPEMEHHOE M aJICKBATHOE
W3MEpEeHNe BHYTPUKUIICYHOTO IABJICHUS, NPH BBEICHUM OIpPEICICHHBIX 00BEMOB BO3IyXa B
MPOCBET KHUIIECYHHKA, CMOTJIO OBbl 3HAYMTEIHHO MOMOYh B JHUATHOCTUYECKMX U TAKTUYECKHUX
BOIPOCAX y JIETEH ¢ MHBarMHAIMEH, YTO M SIBUJIOCH IPUUNHON TTPOBEACHUSI DKCIIEPUMEHTATHHBIX
U KIIMHAYECKHUX UCCIEA0OBaHUM.

Ieas nccaenoBanus

Pa3pabotate U BHEAPUTh B MPAKTUKY aBTOMAaTHU3WPOBAHHYIO CHCTEMY IHArHOCTUKH,
KOHCEpPBATUBHOT'O JICYEHUS] M KOHTPOJIA PACHPABICHMS KHUIIEUHOM MHBAaruHalMU y JAETel Ha
OCHOBE 00BEMHO-MaHOMETPUYECKOM MTPOOHI.

MarepuaJj u MeTOabI

Ha ocHOBe moONydYeHHBIX B XOAE WCCIEIOBAHUN pE3ylbTaTOB ObLT pa3paboTaH,
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3aMaTeHTOBAH U BHEJIPEH B MPAKTHKY HOBBIM METOJ JUArHOCTUKH KHUIIEYHOW WHBaruHaluu y
nereid — oobeMHO-MaHoMeTpudeckas mpooda - (Ilatent Ha m3o6perenne No2150231 «Cmocob
JMarHOCTUKM MHBAarMHAllMM KHILIOK y JieTei», 3aperucTpupoBad B ['ocyapCTBEHHOM peecTpe
n3o0perenuit Poccuiickoit @enepaunn 10.06.2000r. B.I1. [Tonskos, A.H. M3ocumoB).

[Ipumensisi 00bEMHO-MaHOMETPHUYECKYIO NPoOy B CBOEH mpakTuke Oosee 25 yeT, Mbl
MPaKTUYECKH OTKA3aJIMCh OT JIy4eBbIX METOJIOB IMArHOCTUKU KHILEYHOW MHBArMHALMY y JIETEH.
bnarogaps 3TOMy COKpaTWJOCh BpEMsI MCCIEAOBAaHHUSA, YIPOCTHJIACh caMa METOJMKA, HE
YXyAUIMB MPH 3TOM KauyeCTBO JMArHOCTHUKH, MCKIIIOYEHA JIydeBas Harpy3ka Ha MalUeHTa |
MEIUIIMHCKUHN TiepcoHan [4].

Jlisg moBbIIIEHUS] JOCTOBEPHOCTH IMArHOCTHKM WHBAarMHaIlMM KHIIEYHHKa, yJI00CTBa
BBITIOJTHEHHS] 00BEMHO-MaHOMETPHUECKON MPOOBI U (PUKCAIIMHM MPOBOJUMBIX HCCIEIOBAaHUN Ha
ANIEKTPOHHBIX HOCHUTENAX, KaK HEOOXOIMMOE YCJIOBHME OKAa3aTENbHON MEIUIIMHBI, BO3HUKIIA
HOTPeOHOCTh aBTOMATH3MPOBATh JIeUeOHO-IMarHocTHYeckud mpourecc. Hamu Obul co3pan
AJIEKTPOHHBIA TpUOOp [ AMArHOCTHUKM, JIEUEHHs M KOHTPOJIS PpACHpaBiICHUS KHUIIEYHOU
WHBarvHalluid y JeTeil — ABTOMAaTH3UpPOBAHHAs JJIEKTPOHHAs CHCTEMa JIMAarHOCTUKU
WHBarvHAIMKA HA OCHOBE 00BEMHO-MaHOMETPHUECKOH MPOOHI (PUCYHOK 1).

AL e
Puc. 1 ABTOMATH3MPOBAHHAA 3JIEKTPOHHASl CHCTEMa IMATHOCTMKHM MHBATMHALMH
KHIICYHUKA y AeTeH Ha OCHOBE 00beMHO-MAaHOMETPHYECKOM NMPoObI.

Hasznauenue npubopa:

= [Ipubop NpeAHa3HayeH JUIs CO3J1aHHsl BO3IYIIHOTO TOTOKA C IOMOIIbIO
MTHEBMAaTUYECKOT0 HAcOCa C AJIEKTPOIPUBOIOM, U3MEPEHHUsI 3HAUYCHUM JABJIEHUS B 3aKPHITOM
o0beMe, M OTOOpakeHUs 3HAYCHMH JaBleHHs B Tpaduueckoil ¢opmMe Ha BCTPOCHHOM
MOHOXPOMaTHYECKOM AMCIUIEE C pa3zpenieHneM He MeHee 128x160 pix.

* JIpubop wuMeeT BO3MOXHOCTh BBOJA IU(PPOBBIX 3HAUYECHHH CO BCTPOCHHOU
KJIABHATYpPOM, YUUTHIBAEMbIX B pacueTax aBTOMaTHUECKOW PaOOTHI.

= JlaHHbIE W3MEPEHUM COXPAHSIOTCS B JHEPrOHE3aBHCUMOM MaMSTH SJIEKTPOHHOMN
yactu npudopa. MiMeeTcss BO3MOKHOCTh CUMTHIBAHUS JaHHBIX UI TIepeHoca W 00pabOTKU Ha
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MEPCOHAIBHOM KOMITBIOTEPE C TIOMOIIBI0 COBPEMEHHBIX METOA0B NepeHoca napopmanun: USB
nopt unu SD Card.

Memoouxa uccnedosanus

PacueTHblit 00beM BO31IyXa, HEOOXOAUMBIH ISl TUATHOCTUKY MHBarvWHAIlMU KUIICYHUKA
paccUnTHIBAETCS U BBOAUTCS B IPOCBET KMILIEYHUKA ABTOMAaTUYECKH.

Hanuume MHBarmHamuMM  KHUINEYHHMKA  IOJATBEPXKJIAETCS  PE3KMM  IOBBILICHHEM
BHYTPUKHILIEYHOTO JaBieHus 3HaueHui 30-40 MM pPT.CT. IpU BBEACHMM IEPBBIX K€ MOPLUN
BO3/yXa, T.K. IMEETCS MPEMSATCTBUE MPOXOKICHUIO BO3yXa [0 KUIIEYHUKY B BUJI€ MHBAarMHara.
[Ipu npanpHeleM BBEACHHWHM PAaCYETHOrO o0beMa BO3AyXa B MPOCBET KHILEYHHKA
BHyTpHUKHUIIIEYHOE AaBieHue nocturaer 90-100 MM pT.CT. ¥ BBIIIE, 9TO W OyJeT OTPaXKEHO Ha
nucruiee mpubopa B Buje rpaduka 1 nupoBoil HHINKAIIUH.

PacnpaBiieHne WHBarvHaMM ONpPENENSAETCA PE3KUM MAJCHUEM BHYTPUKUILEYHOTO
JTABJICHUS] U HEBO3MOXKHOCTBIO TMOBBICUTH €ro 6osee 40 MM pT.CT. IIPU MOBTOPHBIX BBEAECHUSIX
pacueTHOro o0obeMa BO3AyXa B IMPOCBET KulleyHHKa. Ha OCHOBaHMM MOJyYeHHBIX JaHHBIX
JIeaeTcs 3aKJIIOUEHUE O PACIpPaBICHUM HWHBAarMHAlMM W BOCCTAHOBJIEHUH MPOXOJUMOCTHU
IIPOCBETA KULIEYHUKA.

B comHuTENnbHBIX citydasix 00beMHO-MaHOMETpUUecKas Mpoda MPOBOAUTCS OBTOPHO.

VY NainueHToB € MOJATBEPKIACHHOW KHIIEYHOW HWHBAarMHalMEd, KOTOPYK HE YAaloCh
KOHCEPBATUBHO pACHpaBUTh MPU TOBTOPHBIX BBEIEHHUSAX pacueTHOro oObemMa BO31yXa,
OTMEUaeTCsl PE3KHl MObEM BHYTPHUKHUILIEUHOE AaBieHue, gocturas 3nadenuit 90-100 mm pr.cT.
u Oosee, MajieHUs €ro He MpoucxoauT. Ha ocCHOBaHMM 3TOro Jienaercs 3aK/II0oUeHHe O HaJIMYUU
HE paclpaBUBLICHCS KUILIEYHOW NHBAarMHALIAH.

Ha ocHoBe paspaboranHoro Hamu npubopa ADCIAU-OMII Obu1  mpuHAT
JMAarHOCTUYECKUH U JI€YeOHBII aITOPUTM.

Juaznocmuyeckuil u 1e4eOHbll an20pUmMMmM npu UHEAZUHAYUNU KUWEUHUKA Y Oemell

[IpakTnueckue pekoMeHAAlNHN:

e [IpoTuBOMOKa3aHMEM K TMONBITKE KOHCEPBAaTUBHOIO JICUEHHUS HWHBArMHALUU
KUALICYHUKA Yy JeTed SBIAIOTCS KIMHUYECKUE MPHU3HAKU TMEPUTOHHTA MpPU JIOOBIX CpOKax
3a00JIeBaHUS.

e Buyrpukumeunoe pgaienne 10 150 MM pT. CT. NOpU  KOHCEPBATUBHOU
JIe3UHBaruHaIMK BO3AYXOM sBIIsgeTCsl Oe3omacHbIM. Hamn onbIT mokasbiBaer, 4to Oosiee 4eM 3a
20 ner npuMeHeHHsI 00bEMHO-MaHOMETPUIECKOHN MPOOBI ISl AUATHOCTUKHA U KOHCEPBATHBHOTO
pacnpaBieHHUs] KMILIEYHON MHBArMHAILMM OCJIOKHEHUH He ObLIO, JAa)Ke NMPU CO3JaHUM BBICOKHX
3HAUEHUN BHYTPUKUIIEYHOTO JaBieHUus — Oonee 150 MM pT.CT., YTO Takke MOATBEPKICHO
HaIIMMU KoJjuieramu [5].

[locne ycraHoBiieHUsl IMarHO3a WHBAarMHAIlMM KUIIEYHHWKA PEKOMEHIYETCs Clleqyrolas
MOCJIEI0BATEIBbHOCTh MPAKTUYECKUX IEUCTBUM.

B omnepatnronHoii moj MacOYHBIM HAPKO30M PEOEHKY BBITIOTHSIOT MaIbIallHi0 OPIOIIHOM
IIOJIOCTH C LIENbI0 ONPEJEIICHNs UHBAarMHATa U IPOBOJAT PEKTAJIbHOE UCCIEN0BaHNUE. bonpHOMY
B IIPSIMYIO KHILIKY Yepe3 aHaJIbHOE OTBEPCTHE BBOJAT KaTeTep ¢ 00TyparopoM (MHTyOalMOHHAS
SHJOTpaxeanbHass TpyOka). [lociemHuii pa3ayBarOT ©W  HECKOJBKO TMOATATHBAIOT IS
repMeTH3aluy aHalbHOTO OTBepcTHA. Karerep (MHTYOAlMOHHYIO TpYyOKy) depe3 MepexOJHUK
COEJIMHSAIOT C YCTPOHCTBOM «ABTOMAaTHU3WPOBAHHAs CHCTEMa JHMAarHOCTUKM MHBAarvHalUuU Ha
OCHOBE 00BEMHO-MaHOMETPHUUECKOU TTPOOBI».
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PacueTHblit 00beM BO3yxa OINpenessieTcs] 1 BBOJAUTCS B MPOCBET KHUIIEYHHKA peOeHKa
aBToMaTtuyecku. Bce mokasarenu uccieoBaHusi 0TOOpa)xaroTcsl Ha IUCIUIEE U 3alKiChIBAIOTCS B
naMsTH IpUOOopa U Ha DIIEKTPOHHOM HOCUTENIE B aBTOMATHUECKOM PEKUME.

BapuanTsl pe3ynbTaToB HCCIEI0BaAHUS:

1. Ecnm mocrne BBeACHHS pacdyeTHOTO O0bEMa BO3/yXa BHYTPUKHILIECYHOE IaBJICHUE

Hwke 40 MM pT.CT. - UHBATHHAIIUSI HE TMOJATBEPKIAAETCA — 00bEMHO-MAHOMETpPHUYeCKast
npoda oTpuUATEeIbHAS.

2. Ecnu mocne BBeAEHMs pacuyeTHOTO O0beMa BO3/yXa BHYTPUKHILEYHOE IaBJICHUE
(BK1) mpeBbimaer 40 MM pT.CT. - HAaJW4YUde MHBArMHALMH TOATBEPkKAeHO — 00bEMHO-
MaHOMeTpH4YecKasi mpo0a MOJIOKMTeJbHAasl, U OHAa W3 JUAarHOCTUYECKONW MaHUIYJISALUU
nepexoauT B JieueOHyto. [1oBbIIIas BHYTPUKUIIIEYHOE JaBIEHUE, IIPOBOAUTCS MACCaX MEpEIHEH
OpIOIIHOM cTeHKU B TedeHue 3-5 MHUHYT. Eciam BHyTpuKHIIEUHOE JaBlieHHUE HE CHUXKAETCS, TO
BO3yX M3 IIPOCBETAa KHIIEYHHUKA BBITYCKAIOT, IONBITKY KOHCEPBATUBHOI'O pacIpaBIICHUS
WHBarMHaluyu MOBTOPSIOT (10 6-8 pa3) u cinedsT 3a MOKa3aHUSAMU BHYTPUKHUILIEYHOTO JaBIICHUS
Ha Jucruiee ycTpouctBa. IlajieHre BHYTPUKUIIEYHOTO JaBieHuss Hiwke 40MMm  pT.CT.
CBUJIETENILCTBYET O pacIpaBI€HUN WHBAarMHALINUU.

3. Eciaum mNONBITKM KOHCEPBATUBHOIO pACHpaBlieHUs HHBaruHata II0J MAacOYHBIM
HApKO30M OKa3aJICh O€3yCNEeNIHbIMH, peOEeHKa IMEepeBOJAT Ha HHIOTpPaxealbHbId HApKO3 C
IIPUMEHEHUEM MHOPEJIAKCAHTOB KOPOTKOro JeicTBus. Bo3nyXx u3 mpocBeTa KHUILIEYHHKA
BBIITYCKAIOT U MOMBITKY KOHCEPBATMBHOTO paclpaBiIeHUs] MHBATMHALIMU TOBTOPSIOT (10 5 pa3s).
[TageHnne BHYTPHUKHUIIEUHOrO AaBiieHUs HMke 40MM pPT.CT. CBHUAETENBCTBYET O pacIpaBJICHUN
WHBAarvHALIMH.

4. Ecnu nonbITKM KOHCEPBATUBHOIO paclpaBiIeHMs] HHBarnHaTa o] 3HI0TpaxealbHbIM
HapKO30M C IMPUMEHEHHEM MUOPEIAKCAaHTOB KOPOTKOI'O JEHCTBUS OKa3aJIUCh O€3yCHEIIHbIMU -
IIOKa3aHO OIIEPATHBHOE BMEIIATEIBCTBO.

5. Ilpu ©Oe3yCHemHOCTH KOHCEPBAaTMBHOTO  pAaclpaBieHHs  WHBaruHata IOJ
SHAO0TpaxealbHbIM HAPKO30M MMPOU3BOJUTCS MOMBITKA JIAMTAPOCKONUYECKOH J1€3MHBATMHALIUH.

6. Ilpu  Oe3ycHnemiHOCTH  JamapOCKOMHMYECKOTO  pachpaBlieHHss  MHBarvHaTa
BBIIIOJIHSAETCSl ONEpaTMBHOE JedyeHwe. Bo Bpems omepauuu, 0OpH  OTCYTCTBUM HEKpPO3a
KHMILIEYHUKA, CIIEyeT OCYIUECTBIATh HMHTPAONEPALMOHHYIO JI€3MHBArMHALMIO BO3QyXOM, HE
JOTParuBasiCh pyKaMu JI0 MHBarmHaTa, 4epe3 TpyoKy ¢ 00TypaTopoM Ha KOHIIE.

Pe3ynomamul u oocysicoenue

ABTOMaTH3UPOBAHHYIO 3JIEKTPOHHYIO CHUCTEMY IMAarHOCTUKM WHBArMHAIMM Ha OCHOBE
00BEeMHO-MaHOMETPUYECKON TPOOBI JIs1 AUATHOCTUKM U KOHCEPBATUBHOIO JICUEHHS Yy JeTel ¢
KHUIIEYHON WHBarMHalMeW Mbl MPUMEHWIU y 8 manueHToB. M3 HuX ObUIO 5 ManbuukoB U 3
JIEBOYKHU.

B nmnepBoit cramum 3aboneBanust (mo 12 wacoB) mnoctynuio 4 OOJBHBIX M3 8.
KoHncepBatuBHOe nedyeHne okazanoch ycremHbiM y 100% mnanueHtoB, u3 HUX y 1 pebeHka
MHBarvHat ObUT pacrpaBlieH MO/ YHI0TPaxXealbHbIM HApKO30M.

Bo BTOpOii craguu nunaBaruHammu (12 - 24 yaca) noctynwiu 2 6onbHbIX. KoHCepBaTuBHOE
JIEYEHHE 0Ka3aJ10Ch YCIECUIHBIM.

B tpetbeit cramun (24 — 48 yacoB) B XUpPYpruieckoe oTAeseHue noctynuia 1 peGeHok.
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KoHcepBaTuBHOE JIeueHNE 0Ka3al10Ch He 3P PEKTUBHBIM, MHBAarHAT PAclpaBUTh HE yAAJIOCh.

B uerBeproil cragun (no3aHee 48 vacoB) moctynuia 16onbHON. MHBaruHanuio y Hero
yAAJI0Ch paclpaBUTh KOHCEPBATUBHO O]l MHTYOAILIMOHHBIM SHAOTPAaXEalbHbIM HApPKO30M C 5-0i
TIOTIBITKH.

KoHcepBaTuBHOE JledeHME MHBarMHallud C I[PUMEHEHUEM aBTOMAaTH3UPOBAHHOU
CHUCTEMBl JMAarHOCTUKM MHBAarvMHaIlMM Ha OCHOBE 0OBEMHO-MAHOMETPHUYECKON NMPOOBI y 7-MU U3
8-mu (87,5%) mnanmeHTOB OKa3aloch YyCHEMHbIM. Y 5 OOJbHBIX OJHOKpPAaTHOE BBEICHHE
pacueTHOro oobeMa BO3ayXa Oblia IOCTATOYHOM JJIsl paclpaBiIeHHUs WHBAaruHata, a 2 OOJIbHBIX
noTpedoBajgoch OT 2 10 5 MOMBITOK HAarHeTaHUs BO3AyXa B MPAMYIO KUIIKY. Y 2 HalleHTOB
JIe3MHBaruHaIys HaCTyIJIa IPU UCIIOJIb30BaHUU HI0TPAXEATLHOTO HAPKO3a.

PacripaBnenne nHBarmHaIMM y BCEX MAllMEHTOB MOJITBEP)KJIEHO MOBTOPHBIM BBEICHHEM
pacueTHOro o0bemMa BO3/yXa B IMPOCBET KUIIEYHHUKA - BHYTpUKHUIIEUHOE JaBieHue 6oiuee 30-40
MM PT. CT. HE TOBBIIIAIOCH.

B 1 cioyuae y 8 mecsauHoro pebeHka B 3 ctaanuu 3a00JIeBaHUS] KOHCEPBATUBHO PACIIPABUTH
MHBarMHaIuo He yJanock. Jle3nHBaruHanus Obljia BBIIOJIHEHA ONEPAaTUBHBIM CIIOCOOOM.

Takum oOpazom, Garogapst BHEAPEHHUIO B MPAKTUKY 00bEMHO-MaHOMETPUIECKOM MTPOOBI
3a 20 neT paboThl Mbl JOOWIINUCH YIIyUILIEHUS] PE3YJIbTAaTOB KOHCEPBATUBHOIO JICYEHUS KUILIEUHON
MHBaruHamuM Oonee yeM B 2 pa3a. A 3a MOCIHEAHUH TOJ, B pe3ylbTare HPUMEHEHHUS
aBTOMAaTU3UPOBAHHOW  CHCTEMBI JIMAarHOCTHKM HMHBAaruHallUK HAa OCHOBE OOBEMHO-
MaHOMETpUYeCcKOil MpoObl, F3PPEeKTUBHOCTh OE30MEPalMOHHOTO JIeYeHUs1 Bo3pocia a0 95-97%.
Ham Taxke yaajloch CHM3UTh M KOJIMYECTBO OIEPATHBHBIX BMEIIATENILCTB, B TOM YHUCIE,
HEOIIPABJIaHHbBIX OINEpaLUii, KOTOPHIE BHIMOIHAINCH U3-3a OIINOOYHOI0 JUArHo3a MHBaruHaIUu
0 MPUHIIUITY «COMHEHUS B MOJIb3Yy ONEPALUNY.

Ha nposenenne OMII ¢ nenpio JUarHoCTHKU TpaTtuiaoch oT 20 ceKyHJ A0 3 MHUHYT.
ITonbITKa KOHCEPBAaTUBHOIO paclpaBiieHUs MHBarnHaTta 3aHumaina BpeMs oT 30 cekyHn po 10
MUHYT.

KoHcepBaTuBHOE JleyeHHE MHBarvHalMM KHUIIEYHUKA y JETeH NMpakTHUeCKH HE MMEET

OCJ'IO)KHGHHFI, KOTOPBIC XapaKTCPHbI AJId OIICPATUBHBLIX BMCIIATCIILCTB.

3aknrouenue

1. ABTOMaTM3upOBaHHas CMCTEMa JIMAarHOCTHKW WHBArvMHAIIMM Ha OCHOBE OOBEMHO-
MaHOMETPUYECKOW MPOObI — Oe30macHBIi CIOCOO AMATHOCTUKH M KOHCEPBATUBHOTO JICUCHUS
KUIIICYHOW MHBAaruHAaIlMH.

2. IlpuMeHeHHe aBTOMATU3UPOBAHHOM CHUCTEMbl  JUArHOCTMKM WHBaruHallMd Ha
OCHOBE O0BEMHO-MAaHOMETPUUYECKOW TPOOBI TO3BOJIET TMOJHOCTHIO HMCKIIOYUThH JIYYEBYIO
Harpy3Ky Ha MarnueHTa ¥ MeIUIIMHCKUAN TTePCOHAI.

3. ABTOMarmzamusi ~ JUArHOCTUYECKOrO0 W JIEYeOHOro  TpoIllecca  IMOBBIIIACT
JIOCTOBEPHOCTh JIMaTHOCTUKYA WHBAarMHAIIMK KHUIICYHHUKA, CO3MaéT yA00CTBA JJIS BBITIOJHEHUS
MaHUNYJSIUA W TO3BOJIICT (DUKCHPOBATh TIPOBOJMMBIC HWCCIEAOBAHUS HA Pa3IMYHBIX
QJICKTPOHHBIX HOCHTENSX, YTO SBISETCS HEOTHEMIIEMBIM TpeOOBaHUEM JIOKA3aTeIbHOU

MCIUIIMHEI.
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4. ABromaTu3MpOBaHHas CHUCTEMa JUArHOCTHKM WHBAarMHallUd HAa OCHOBE OOBEMHO-
MaHOMETPUYECKOH TpoOBl oOecreurBaeT BO3MOXHOCTh KOHTPOJIS HAaJ PAaclpaBICHHEM
WHBarvHaIMH.

5. TlosBnsieTcss mpekpacHass BO3MOXKHOCTh UCIONB30BaTh MPUOOp 1S  paHHEH
JTUATHOCTHKU U JIEYCHHs] KHUIIEYHOW WHBATrMHAIIMM B TPYAHOAOCTYMHBIX M OTIAJICHHBIX OT

CIICIAJIN3UPOBAHHBIX MEAJUITUHCKUX HEHTPOB paﬁOHax IMPOXKXMNBAHUA HACCIICHUS.
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Ilpuxoovko Anéna Bukmopoena,

Jlanbrnesocmounblii 20Cy0apCcmeer bl YHUSepCUumem

nymeti coooujeHus, 0oyerHm, KaHouoam OUoI02UYecKUX Hayx,
Ecmecmeennonayunviii uncmumym,

Huxumuna /Troomuna Heanoena,

Jlanbnesocmounsiii 20cy0apcmeentblil yHusepcumen

nymeti coodwenust, npogheccop, 00Kmop 6uUoI02u4ecKux Hayx,
Ecmecmeennonayunsiit uncmumym

3akoHomMepHOCTH GOPMHPOBAHUA AJANTUBHOI0 KOMILJIEKCA Y
UHGQY30puil U3 NPUPOAHOIO U AHTPONMOIreHHBIX OMOLICHO30B

Tema paboThl akTyalbHa, TaK KaKk B HAacTosllee BpeMs XO3sCTBEHHass U
NPOM3BOJICTBEHHAsI JIEATEIILHOCTH 4YeJOBEKa CIOCOOCTBYIOT IOCTYIUIEHHMIO TOKCHUYECKUX
BEIIECTB B OMocdepy co CTOUHBIMU BoJaMu. MH(DY30puH  SBISIOTCS BHICOKOOPTaHU30BAHHBIMU
NPEJCTaBUTEISIMUA TIPOCTEUIIINX, OHU OYEHb YYyBCTBHTEIBHBI K JIOOBIM H3MEHEHHUSM CpPEIb
oburtanus. Hopma peakiuili Ha BHEIIHHE BO3/AEUCTBUS Y LUJIMAT OCYIIECTBIISIETCS Ha KJIETOYHOM
YpOBHE, IO3TOMY JJIi OLEHKH CTENEeHH TOKCHUYHOCTH MPUPOIAHBIX W CTOYHBIX BOJ HX
UCIONB3YIOT B KadyecTBe OHOMHIMKATOPOB. Y IIMJIMAT K YCJIOBUAM Cpelbl OOWTaHUs
bopMHpYIOTCS  QJalTHUBHBIE KOMIUIEKCHI, KOTOpbIE BKJIIOYAIOT MOpPPOMETpUYECKHE U
(bu3MoIOrHUeCcKUe MOKa3aTeNu, 10 U3MEHEHHIO KOTOPBIX CYIAT O Ka4eCTBE Cpe/ibl OOUTaHMS.

buonnaukanus gBiIS€TCS OJHUM M3 MEPCHEKTUBHBIX METOAOB MOHHUTOpPHHIA MPUPOJHOMN
cpensl. braromaps STOMy MeTOAy BBIABICHBI KOMIUIEKCHI HMH(Y30pHHl M JApPYrux TIpymil
IIPOCTEUIINX JJII MHOTMX IPUPOJIHBIX BOLoEMOB EBponeiickoit yactu Poccniickoit denepanuu
u yactuaHo a1 Cubupu u ansaero Boctoka. B AMypckoit o6acti mogoOHbIe HcciaeI0BaHus
OY€Hb MAJIOYHCIIEHHBI B CBA3H C YeM ObUIN ONpeesieHbI Leb U 3a/1a4u ucciaenoBanus [3].
Lenp paboTel HampaBiieHa Ha BBISBIEHUE 3aKOHOMEpPHOCTEH (OPMUPOBAHUS aJaNTHBHBIX
KOMILJIEKCOB, KOTOPbIE UCIOIB3YIOTCA B 001acTH OMOMHINKALIMU U GOPMUPYIOTCS Y HHDY30PHIA,
OOUTAIOIMX B IPUPOAHBIX U aHTPOIOI€HHBIX OMOLIEHO3aX (CTOYHBIX BOJIAX).
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3agaun ucciaea0BaHud:

1. BeisiBaeHue BUIOBOTO cocTaBa HWH(Y30pUd W3 MPUPOJHOTO M AHTPOIOTEHHBIX
OHOIIEHO30B.

2. U3yyenuwe HEKOTOpPHIX MOpPHOMETPUYECKUX U (UBMOJIOTMUYECKUX TOKa3areneit
BXOJIIMX B COCTaB QJalTUBHOTO KOMIUIEKCa Yy WH(QY30pHid, BBIIEICHHBIX W3 Pa3HBIX
OMOIIEHO30B:

- MOp(OMETpUYECKHE XapaKTEPUCTHKH BKJIIOYAIOT: pa3Mepbl KIETOK, (OPMBI KIETOK,
JMaMeTp COKPAaTUTEIbHBIX BaKyoJeH u JIp.;

- (U3MONOTHUYECKUE TIOKA3aTeNH BKIIOYAIOT: CTPYKTYPY LHUTOIDIA3Mbl, MYJIHCALUIO
COKpATHTEIBHBIX  BakKyojei, (OPMHpPOBAHWE MHIICBAPUTEIBHBIX  BaKyoJed, HalIu4nue
OJIHOKJIETOYHBIX BOJOPOCIIEH.

BrisiBneHne BUAOBOTO COCTaBa LMIUAT M3 Pa3IMYHBIX OHOLIEHO30B HUMEET Ba)KHOE
NPaKTUYECKOE 3HAUE€HUE, IOCKOJIbKY BHI0BOE pa3HOOOpa3ne UH(Y30pHil sBIISETCS MOKa3aTeneM
MHTEHCUBHOCTH M KadecTBa OMOJIOTMYECKON ouMcTKU BogoeMoB. CozmaHue OJaronpusTHBIX
YCIIOBHI ISl MPOTEKaHUsI OMOXMMHYECKUX MPOIIECCOB, HAIPUMED, B aDPOTEHKAX, CIIOCOOCTBYET
YBEIIMYECHUIO BUAOBOTO pazHo0Opasusi MHPY30pUid, 4TO, B CBOIO OYepelb, MHTCHCU(DUIIUPYET
nporecc OMOIOTUIECKON OYUCTKU CTOYHBIX BOJ.

Martepuajibl M METOAbI HCCJIEJOBAHUS

Ot60p Tpo0O M3 MPHUPOAHOTO CTOSIUETO BojgoeMa — o3epa l'ameHka (Amypckasi 06JacTh
Poccutickoit deneparum), KOTOPBIM HAXOIUTCS HA TEPPUTOPUH AMYpPCKOi oOacTu Poccuiickoi
denepan OCYIIECTBISIIM B Pa3IUYHBIX MecTax ¢ riyOunsl 10 - 15 cm cpenu BoaHOM
PACTUTENLHOCTH ¢ HEOOJNBIIMM KOJIMYECTBOM JIOHHOTO ocajka. ITpoObl cToOuHBIX BOA OTOMpaIu
U3 OYHCTHBIX COOPYKECHUH: a’pOTEHKOB OYHMCTHBIX COOpYXeHui ropoma CBoOOJHOrO, mpyaa-
HAaKONUTENS JKEJIE3HOAOPOKHOW CTAaHUMM benoropck M CTaHIMM MEXaHUYECKOM OYMCTKHU
nocenka Marpgaraun. J[ns BUAOBOro ormpeneneHuss WHPY30puid U HX MOP(HOMETPHUUYECKUX
noKaszaresjiel HCIONIb30BAIM  oOmenpuHsaTeie meroauku [1,2,4]. Mopdomerpuueckne u
(U3NOTOTHYECKUE TTOKA3ATENN ONPEACISUTN Y SBPHOMOHTHBIX BHJIOB IMJIMAT U3 MPHUPOJHOTO U
aHTPOIIOTeHHBIX OMOIIeHO30B: Paramecium caudatum, Colpoda maupasi, Vorticella convallaria.

O0cyxenne pe3yJIbTATOB HCCJIET0BAHUS

B xome wuccnenmoBaHus BBISBIEH BUIOBOM cocTaB WHGY30pud W3 NPUPOTHBIX U
AHTPOINOTEHHBIX BOJIHBIX OMOLIEHO30B HACENEHHBIX MYHKTOB AMYypckoil obmactu Poccuiickoit
®enepanun. AHaNM3 3KCIIEPUMEHTa MOKa3aj, YTO B MPUPOJHOM OuoleHO3e OOHapykeHO 32
BHUJa, a2 B AHTPOINOTEHHBIX OWOIICHO3aX BBISBICHO 45 BUAOB IWIHAT, KOTOPHIE SIBISIOTCS
npencraButessiMu ByX noakiaccoB Ciliata — pecHuuHble MHQY30puu U Suctoria — cocyIue
uHOy30punu. YNCIEHHOCTh BHUJOB WH(Y30pHH B AHTPOIOTEHHBIX OHOIIEHO3aX BBIIIE, YeM B
npupogHoMm OuorieHo3e B 1,4 paza. Hambonee pasHooOpaseH BUIOBOM cocTaB WH(]y30puid
XO03SICTBEHHO-OBITOBBIX CTOYHBIX BOJ U3 a9POTEHKOB, OH MPE/ICTaBlIeH 44 BUIAMH IIUIIHAT.

HauGonpiield 4YacTOTOH BCTPEYaeMOCTH  XapaKTEPU3YIOTCS  SBPHUOMOHTHBIC  BHUJbBI
nH(Y30pUii, 9YTO COCTABUIIO B IPUPOJAHOM OuoreHo3e isi: Paramecium caudatum 88%, Colpoda
maupasi 56%, Vorticella convallaria 62%, a B aHTpONOreHHbIX OMOIIEHO3aX ITOT IOKAa3aTelslb
coctaBun st uHby3opuit: Paramecium caudatum 92%, Colpoda maupasi 87%, Vorticella
convallaria 89%.

B mpornecce xu3HenesATENbHOCTH y HMH(Y30pHil 00pa3yloTcsi aJanTHBHBIE KOMIUIEKCHI,
BKJItOUarouue Moppomerpuueckue u ¢puznonoruyecku (tTadm.l).
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Ananranus MHQY30pHM K yClIOBUSAM oOuTaHMs OTpaxaercs Ha ux Mopgosoruu. Huskoe
cojJiepkaHle OaKTepHil M OPraHWYEeCKHX BELIECTB B MPHPOJHOM CTOSYEM BOJIOEME CIIOCOOCTBYIOT
00pa30BaHMI0 I[MIMAT CO CBETJIOH CTPYKTYpOW LHUTOMJIa3Mbl M HEOOJBIIMM KOJHMYECTBOM
MUIIEBAPUTENHLHBIX BakyoJiel. dopMa KIETOK MEPUTPHUX YATUHEHHAs OOKAJOBUIHAS C OTKPBITHIM
MEPUCTOMOM, Y MapaMeruii BEpeTCeHOBUAHAS ¢ 320CTPEHHOM 3a/IHEM YacThIO, a Y KOJBIIO/ OBaJIbHAs
C YIUTMHEHHOW HWKHEHN JacThio (puc. 1).

-

a. . 0. :
Puc. 1. Pororpadun nHPY30puil U3 MIPUPOAHOTO CTOSUETO BOJIOEMA!
a. Vorticella convallaria. 6. Paramecium caudatum. B. Colpoda maupasi,

yBeJIMYEHHE MUKpocKora 807,

YBenuueHue coJepKaHusi OPraHMYeCKHX BELIECTB B CTOYHOW BOJE CIOCOOCTBYET Pa3sBUTHUIO
¢daynbr Oakrepuil. H]y30pun 3arnaTeiBaloT WX, B pe3eNbTaTe 4ero, MUTOIUIa3Ma, HAKaIIHBAeT
00JIBIII0E KOTUYECTBO MUIIEBAPUTENBHBIX BaKyoJIel, IproOpeTaeT mpuodpeTaeT TEMHYIO OKPacKy H
3epHUCTYIO CTPYKTYpy. Dopmbl Tpo}o30MTOB TEPUTPUX OOWUTAIONIMX B CTOYHBIX BOJAX:
OOYKOBUIHASL C TOJY3aKPBITHIM, BBIMYKIBIM TEPUCTOMATBHBIM TUCKOM MU OKPYTJas C 3aKPBITHIM
nepuctomoM. Konbrnoasl npuobOperaror 6000BUAHYIO (HOpPMY C OKPYTIONH HUKHEW 4acThio, a popma
KJIETOK MapaMennii OBaJibHAs C 3aKPYTICHHOH 3a1HeH YacThio (puc. 2,3).

it}

Puc. 2. Dotorpadun nHPY30pUU CTOYHBIX BOJ U3 a9POTEHKOB:
a. Vorticella convallaria. 6. Paramecium caudatum. B. Colpoda maupasi,
yBendeHne Mukpockomna 80,

& & O

Puc. 3. ®otorpadun nHPY30pHil CTOUHBIX BOJ CTAHIIUN MEXaHHYECKON OUUCTKU:

a.

a. Vorticella convallaria. 6. Paramecium caudatum. B. Colpoda maupasi;
yBeJInueHne MUKpockomna 80°.

Knetkn  wHby30puil  HaceNsMOMMX  NPYA-HAKOMHUTENh  MPUOOPETAIOT  BBHITSHYTYIO
KOH(UTYypaLuIo, IUTOIIa3Ma COJIEPKHUT BKIFOYCHHUS U HACBHIICHA MUIIEBAPUTEIFHBIMHI BaKyOJISIMHU.
[TepucTom mepuTpux OTKPHIT HATIOJIOBUHY (puc. 4).
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o

a. 0. B.
Puc. 4. lndpy30pun CTOUYHBIX BOJ MPY1a-HAKOITATEIIS:
a. Vorticella convallaria. 6. Paramecium caudatum. B. Colpoda maupasi;
yBenueHne MuKpockormna 80°.

WNHuby30pun CTOYHBIX BOJA W3 a3POTEHKOB M CTAHIMM MEXAHMYECKOW OYMCTKU CHOCOOHBI
BCTYIaTh B CUMOMO3 C OJJHOKJIETOYHBIMH BOJOPOCISIMU, KOTOpbIE OOUTAIOT B SHAOIUIA3ME LMINAT.
OTO NOBBIIAET HMX JKOJOTMYECKYH) BaJ€HTHOCTh, TaK KaK JKUBbIE KIETKM IOJYy4YarT OT
aBTOTPO(HBIX CHMOHMOHTOB KHCIOpPOJ, KOTOPBIA HEOOXOAMM [UIsl [bIXaHUS M TPOTEKAHHA
BHYTPHUKJIETOYHBIX OMOXMMHYECKUX MTPOIIECCOB.

Tokcuyeckoe BIMSHHUE CTOYHBIX BOJ CIOCOOCTBYET MJIUTENBHOW aKTUBHOCTH TPO(O30MTOB,
YTHETEHHIO PENPOAYKTUBHBIX ()YHKIIUN U COKPAILIEHUIO TEMIIa ATICHHs [AIHAT.

B 3akmioueHnM HEOOXOAMMO OTMETUTh, YTO B XOJI€ HCCJICIOBAHHS  BBISIBICHBI
3aKOHOMEpPHOCTH (OPMHUPOBAHUS aJANTHUBHOIO KOMIUIEKCA y HMH(Y30pHi W3 NPHUPOIHOTO H
AHTPOIOTeHHBIX OMoIEeHo030B. [lporecc aganranuu IUIMAT B AHTPOIOTEHHBIX OWOIICHO3aX, B
CPaBHEHMU C aHaJOraMu MH(Y30puil U3 TPUPOIHOTO OHOIIEHO3a, CBSI3aH C yBEIUUYEHHEM: Pa3MEpPOB
KJIETOK, JMaMeTpa COKpATHTEJbHBIX BaKyoOJIed, KOJMYECTBA MHILIEBAPUTEIbHBIX BaKyOJeH;
CHIDKEHHUS IyJIbCAllMUM COKPATUTENBHBIX BaKyoJei; Hamuyus cuMOHMO3a C OJHOKJIETOUYHBIMU
BOJIOPOCIISIMU.
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Hopmewkun Onez bopucoeuu,

benopyccruti cocyoapcmeennulil mexnoniocuueckuil yHusepcumemn,

npogeccop, 00OKmMop mexHu4eckux HayK, npopeKmop,

TI'aspunrwk Anopen Huxonaesuu,

Benopycckuii cocyoapcmeennviii mexnono2uieckull yHueepcumem, acCucmenm

Oc00eHHOCTH XUMHUYECKHUX NPeBPallleHUll, MPOTEKAIIUX B
MHOTOKOMIIOHEHTHBIX KapO0aMuAcoIepKalluX CUCTeMAaXx MpHu
MOJIyYeHUN KOMILIEKCHBIX YA100peHu

B mpouiecce kucnotHoi mepepabotke (HochaTHOTO ChIpbsi Ha KOMIUIEKCHBIE MUHEpaJIbHbBIE
y100peHus B 00pa3yIoNINXCs Ha pa3HbIX CTaIUsAX MPOLEcca CyCIeH3MsIX BO3MOKHO OJTHOBPEMEHHOE
NPUCYTCTBHE TAKMX KOMIIOHEHTOB, KaK GochopHast U CepHasi KUCIOTHI, TUTUAPOPochaThl KaabIIHs
U aMMOHUS, CyJIb(daT Kalblus, KapOaMHIl, a TaK)KEe COCAUHEHUI KapOaMuaa ¢ STUMH KUCJIOTaM H
comsMid B Buae  amgaykroB, B dactHoctd  H3PO4CO(NH),, H;SO42CO(NH,),,
Ca(H,;P04),4CO(NH;),, CaSO44CO(NH;), [1-4]. OdeBuaHo, dYTO JUIsi pEIICHHS 3a1a4
ONTUMU3ALMU TEXHOJIOTUYECKOTO TMpoliecca, a TaKKe IPOTHO3UPOBAHUS M PEryJIUPOBAHMS
MEXAaHUYECCKUX U (1)I/I3I/IKO—XI/IMI/I"ICCKI/IX CBOICTB HECJICBBIX IPOJAYKTOB HeO6XOIII/IMO YUYUTBIBATDH
BO3MOJKHBIC B3aMMOJCHCTBUS, MPOTEKAIOIMINE MEXTy KOMIIOHEHTAMHU CYCHEH3UH Ha OTIEIbHBIX
cTanusx. B 3HaYMTENBHOW CTENMEHW 5TO OTHOCUTCA K CTaAUsSM CYIIKM W TPaHYJUPOBAHUS,
MOCKOJIBKY Ha JTHX CTaIusAX OCYIIECTBIISETCS BBEACHHUE a30TCOACPIKAIIUX KOMIIOHEHTOB, B
YaCTHOCTH,  KapOamuzaa,  CONPOBOXKAAIOUIEECS  NPOTEKAaHHMEM  BTOPHUYHBIX  XUMHUYECKUX
B3auMopelicTBuil. CrocoOHOCTh KapOamMuaa 0OOpa30BBIBATH COJEOOPA3HBIE COCTUHEHHS C
KHUCJIOTAaMU U KOMIUICKCHBIC COCAMHEHHUSI C COJIIMU NMPHUBOJUT KaK K IOJIOKUTENBHBIM, TaK U K
OTpHUILIATEIbHBIM MOCTEACTBUAM. Tak MPUCYTCTBUE aiqyKTa Kapbamuja ¢ cyiab(paroM KaiblUs B
cocTtaBe ynoOpeHHMH yiydiiaeT ux ¢usndeckue cBoiictBa [4, 5], a oOpa3oBaHue cyibdarta
KapOaMua NmpHu pa3lIoKCHUW araTuTa CEPHON KHCIOTOH B MPHUCYTCTBHM KapOaMuaa MPHUBOAMT K
YMEHBIIICHUIO CTeneHu paszioxkenus [1]. OgHako, eciu mpoilecchl, MPOTEKAOIUE TPU HArPEBaHUU
KapbaMuza M €ro pacTBOpOB, HM3y4Y€Hbl W JETAJIbHO OINUCAHBI, TO JAaHHbIE O XMMHYECKUX
NpEeBpalICHUsIX B KapOaMUACOAEPIKAIINX CHCTEMaX, BKIFOYAIONINX KOMIIOHEHTHI KOMIUIEKCHBIX
yI0OpEHM, HOCAT OTPHIBOYHBIA XapaKTep W HEIOCTATOYHBI JJIsi OOOCHOBAaHHUS ONTHMAILHOTO
TEXHOJIOTMYECKOTO PEKUMA.
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Ilenbto paboOTHl SBUJIOCH H3YYEHHE XMMHUYECKUX MPEBpAIICHUN, NPOTEKAIOIIUX IpU
HarpeBannu B cucremax: Hi;PO4 CO(NH;), — Ca(H,PO4),-H,O, H3PO4CO(NH,), — CaSO4-2H,0,
H3;PO4-CO(NH;), — H,SO42CO(NH3),, Ca(H2PO4)2-H,0 — CO(NHa),, Ca(HPO4)2'H,0 —
NH4H,PO4, Ca(H,PO4),-H,O — NH4H,PO4 — CO(NH,),, oOpasyrommxcs TpH  MPOU3BOJCTBE
KOMIUIEKCHBIX ~ KapOaMuACOJepKamx  ymoOpeHnid W OOOCHOBaHHWE  ONTHUMAIBLHOTO
TEXHOJIOTHYECKOTO PEKUMA CTaIMU TPAHYIMPOBAHUS U CYIIKH.

XUMHUECKUe IMpouecCChbl H3YYAJINCb Ha MOACJIBbHBIX CMECAX, IIOJYYCHHBIX Ha OCHOBC
WHAMBHTyaJIbHBIX COJIeH peakTUBHOU KBanudukanmu (tabnuna 1). B xauecTBe HCXOTHBIX BEUIECTB
Kpome Toro ucnoin3oBanu gochar kapdbamuna H3PO4 CO(NH;),, cHHTE3UpOBaHHBIN MO0 METOAMKE
[6], cynpdar kapbamuna H,SO42CO(NH;),, CHHTE3UPOBaHHBIN ¢ UCTIOJIB30BAHUEM JAHHBIX IO €TI0
pacTBOPUMOCTH B Boje [7] W HISHTH(QHUIMPOBAHHBIA METOJaMU XUMHUYecKoro aHammza u MK
criektpockonuu [1], auruapodocdar xanpius moHoruapatr Ca(H,POs),'H,O, murmapodocdar
ammonmusi NH4H,PO,s, xapbamunm CO(NH,); m runc CaSO42H,0 xBammdukammm «d.71.a.».
Kapbamun u kucnotsl BBoAuIu B popme ocdata u cynpdarta kapdbamua.

Tab6auma 1 — CoctaB MOAEIBHBIX CMECEN

MomnsipHoe
Howmep .
CocrtaB MOJCJIBHBIX CMECECU COOTHOILIIECHHUEC
oOpasia
KOMITOHCHTOB
1 Ca(HzPO4)2‘H20- CO(NH2)2 1:1
2 Ca(HzPO4)2‘H20- CO(NHz)z 1:2
3 Ca(H2PO4)2'H20 —NH4H2PO4 1:1
4 Ca(H2PO4)2'H20 -NH4H2PO4 1:2
5 Ca(HzPO4)2'H20- NH4H2PO4- CO(NHz)z 1:111
6 H3PO4'CO(NH2)2 — Ca(H2P04)2-H20 1:1
7 H;PO4CO(NH,), — CaSO42H,0 1:1
8 H3PO4CO(NH2)2 — HQSO42CO(NH2)2 1:1

Jis  yCTaHOBIIGHUS XUMHYECKHUX TMPEBPALICHUN, TNPOTEKAMIINX MPH HArpeBaHUH B
yKa3aHHBIX CHUCT€MaX, MOJIEIbHbIE CMECH MOJBEprajl TepMooOpabOTKe B MOIUTEPMUYECKUX
YCIIOBUSIX, a TaKKe B M30TEPMHUECKUX YCJIOBHUAX TMPH TEMIIEPaTypax, COOTBETCTBYIOIIUX
MOJIO’KEHUSIM IKCTpEeMyMOB Ha KpuBbIX JITA, yCTaHOBJICHHBIX METOJOM TEPMHUYECKOTO aHAJIH3a.
ITpoxyxThl TepMOOOPAOOTKH HCCIEA0BATN METOJaMHU XUMHUYECKOT0, pEHTTeHO(a30BOr0 aHAIN3a U
UK  cmektpockomuu.  Coxmepkanume  ¢ochopa W aMHUAHOTO  a30Ta  OMPEAETSUIH
CHEKTPO(POTOMETPUUECKUM  METOJOM C  HCIOJb30BaHHWEM  crmekTpodoromerpa  SP-8001,
aMMOHMITHOTO a30Ta — XJIOPAMHUHOBBIM METOJOM IO CTaHAAapTHBIM MetoaukaMm [8]. Coxepxanue
nonupocdaroB ONEHUBAIM [0 PA3HOCTH MEXKAY UHUCICHHBIMM 3HAYCHUSMHU COZIEpKAHUA
BOJIOPACTBOPUMBIX U YCBOsieMbIX (opM (ochopa B BOIHOW M JIMMOHHOKHCIIOW BBITSKKE Cpasy
Mocjie AKCTPAKIMM M HX 3HAYCHHSMH TOCJe MpPOBEACHUA Tuaponusza mnoinudocdaroB myTem
HarpeBaHusl COOTBETCTBYIOIINX PACTBOPOB C KOHIIEHTPHUPOBAHHOW COJISIHOM KHUCIIOTOMA.

st mpoBeneHHUs TEPMHUYECKOrO aHaiM3a HCIosib3oBaiu jaepuBarorpad tuma OJ1-103.
Pentrenorpadguueckoe uccieqoBaHWE MPOBOJAWIM C HUCHOJb30BaHMEM Audpakromerpa “D8
Advance”, UK cnektpsl 3amuceiBain Ha UK-Dypee cnekrpomerpe NEXUS B o6mactu 300-4000
cm. TIpu pacmmudpoBKe TaHHBIX PEHTTeHO(A30BOTO aHANM3A HCIIONB30BANM 0azy AaHHBIX [9],
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otHeceHue nosioc K crnexTpoB npoBoaAniIM ¢ UCOIb30BAHUEM CIPAaBOYHOM autepatypsl [10, 11].

YCTaHOBIEHO, YTO HAarpeBaHHE MOJENbHBIX CMECeH CONMpOBOKAAETCS 0Opa3oBaHUEM
KHUIKOK (a3bl ¢ TMOCIEIyIomeld ee KpUCTAJUIM3aIMeld, CIeKaHhueM TBepaoi (asbl, BBIACICHHEM
ra3oB, B YaCTHOCTH, aMMHaKa, & TAK)Ke HM3MEHEHHEM KHCIOTHOCTH MPOAYKTOB TepMooOpadoTku. [1o
JTaHHBIM U] PepeHIINaTbHO-TEPMUYECKOTO aHAIN3a CMECEed NpHU WX HArpeBaHUU IPOUCXOMIST
MIPOLIECCHI, COMPOBOKAAIOIINECS IBYXCTYIIEHYATON YOBIJIBIO MAacChl U PSIIOM TEIUIOBBIX 3(PQEKTOB.
Ha xpuBeix JITA Bcex cmeceit HaOmomaercs >HIOTEpMHYECKHH A(h(EKT mpu TeMreparype B
obmactu 90-125°C, a mna kpuBbix JITA kapbamuaconmepkammux CMeceld, KpoMe TOro,
sK3oTepMudeckuii addexT HadmogaeTcs B odmactu 125-150°C.

Ha ocHoBanuu anHanuza nauteparypHbiX AaHHbIX [11-14] MOXHO NpEANONOXUTh, YTO MPHU
HarpeBaHUM HCCIENYEMbIX CUCTEM B TemreparypHoM uHTepBaie 90-125°C Bo3MOXKHO MpOTEKaHUE
CIIEAYIOIINX TIPOILIECCOB: pa3jiokeHue auruapodocdara Kauplps Ha TuApodocdar Kanblus U
opToochopHyI0 KHCIOTY; yAaleHue KpucrammuzaimonHo Bomel u3  Ca(H,PO4),HO m
CaS042H,0, a Ttaxxke koHcTuTynuoHHoi Boasl w3 H3POs m NH4H,PO4 ¢ obpazoBanuem
nonupocPopHbIX KHCIOT W ToiudochaToB aMMOHHS;, THUAPOIU3 Kapbamuaa ¢ oOpazoBaHHEM
KapOoHaTa aMMOHHS; IUIABIIEHUE SBTEKTUYECKOW CMECH, CoAepiKalied kapOamuja, ¢ yAaleHHeM
aMMHaKa; pasioxxkenue kapbamuaa c ynanenueM NH; u CO,; pasnoxenue docdara xkapbamuaa c
ynanenuem CO,, NH;, H;O u o6pazoBanuem opto- u noiudocdaroB ammonus. [lpu nanpHeimem
HarpeBanu 70 150°C mpoucXoAsiT MPOIECCHI, COMPOBOK/AIOIIMECS MOTEPEH MAaccChl, MO3TOMY
HaOmomaembiii Ha KpuBbIX [ITA B Temneparyprom uaTepBasie 125-150°C Makcumym 00yCIIOBIICH,
MO-BUAUMOMY, HAJIOKEHHUEM SHAO- U JK30TepMHUECKUX 3((eKToB, COMPOBOKAAIOIIUX MPOIECCHI
pas3liokeHWsT W B3aUMOJCHCTBUS KOMIIOHEHTOB cMmecedl. K mporeccaM, NpoTeKaromuM C
BBLACJIICHUEM TCIUIA, MOXHO OTHCCTH B YAaCTHOCTH pPCaKIUU HeflTpaJ’IPISaHPIH KHCJIOT, pCaKIHUn
oOMeHa, o0Opa3oBaHusl [JBOMHBIX cojed Kanblus-aMMoHus (oprodocdaroB, mnonaudocdaTos,
Cynb(haToB).

Pe3ynpTaThl XMMHUYECKOTO aHaIW3a MPOAYKTOB TEPMOOOPaOOTKH cMeceil NMpeaCTaBICHbI B
Tadmmnax 2, 3.

Tabmuna 2 — Pacnpenenenune pasnuasbix ¢dopm docdopa (B mepecuere Ha P,Os) B
MIPOJIyKTaX TePMOOOPAOOTKH MOIEITBHBIX CMece

Tewm- Coneprxanue pa3nuaHbix Gopm Gochopa
MopenbHas cMecCh, rnepa- P20s505. P>Osycs,
oOpasern Typa, | opTo, 0JIH opToO, OJIN
°C | mac.%|mac.%|% ot PyOsyo, | Mac.% | mac.%|% ot P,Osycg
95 | 30,7 | 6,5 17,5 40,3 | 6,8 14,4

Ca(H2PO4)2'H20' COO\IHZ)Z,

105 | 13,6 | 16,7 55,1 32,3 | 22,7 41,3

oOpaszer 1

140 | 12,9 | 20,8 61,7 31,1 | 25,5 45,1
Ca(H,PO4),'H,O- CO(NH;),, 90 13,8 | 9,1 39,7 24,3 | 21,8 47,3
oOpa3zerr 2 125 | 18,1 | 11,3 38,4 31,6 | 21,6 40,6

95 | 57,1 | 0,7 1,2 57,0 | 0,2 0,3

Ca(H>P04)>H;0 -NH,HPO,, 125 | 264 | 29.3 52.6 27.1 | 28,6 513

obpaseut 3 150 | 199 | 39.4 | 66,4 | 21,1 | 37.0| 637
Ca(H.PO.), H,O -NH;H,PO,, | 115 | 437 | 165 | 274 | 43,7 | 158 | 26,6
bGpaser 4 150 | 18.8 | 42,0 | 69.1 16,1 | 480 | 749
Ca(H,PO4),-H,0- NH;H,PO, 105 | 25.8 | 164 | 389 | 390 | 175 | 31,0
L CO(NH,),, o6paser 5 140 | 117 | 358 | 754 | 199 | 389 | 662
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H3;PO4 CO(NH,),-Ca(H2PO4)2-Hy 105 | 22,5 | 18,7 45,4 32,5 | 25,7 442

0, obpazer 6 150 | 18,6 | 27,4 59,6 20,1 | 39,8 66,4

H3PO4 CO(NH;),- CaSOy 105 | 7,5 | 18,5 71,2 8,0 | 19,6 71,0

-2H,0, obpazen 7 150 | 8,6 | 19,8 69,7 9,0 | 19,8 68,8

H3;PO4 CO(NH), + MPOIYKThI MOJTHOCTBIO
95 2,8 | 23,8 89,5

H,S042CO(NH,), ’ ’ ’ PacTBOPUMEI B BOJIC

[To maHHBIM XMMHUYECKOTO aHAIM3a TOJBKO MPOIYKTHI TePMOOOpaboTKH cMmecel (ocdara
kapbamuga c¢ cynepatom kapbammma mnpu  95°C  momHOCTBIO pacTBOpuMEL.  [IpakTuuecku
PacTBOPUMBIMH B BOJIE SIBIISIIOTCSI IPOAYKTHI TepM0ooOpaboTku cMecu docdara kapbamuaa ¢ TUIICOM
u guruapodocdara kamplus U aMMOHMA. B mpoaykrax TepMooOpabOTKM IPYTHX MOJEIBHBIX
cMecel, B OTJIMYME OT HCXOJHBIX CMeCel, Hapsay C BOJOPACTBOPUMBIMHU opTodocdaramm,
NPUCYTCTBYIOT TUMOHHOPACTBOpPHMBIE (hOpMBI, a Takxke noiudocdarel. HepacTBopumbie B Boze, HO
pacTBopuMble B JMMOHHOW  kuciore  (ocdarb, oOpa3yloTcs  TNpuU  HArpeBaHUU
kapbamuzconepxamux cMmeceit yxxe npu 90-95°C. [lons BomopacTBOpUMBIX (hocdaToB B 3THX
npoaykrax coctasiser 50-80%.

B npoaykTrax TepMooOpabOTKH BCeX MOJIETBHBIX CMEcei (3a UCKITIoUueHneM oopasia 3 mnpu
95°C) ycraHOBJI€HO NPUCYTCTBUE MOIH(OCPaTOB, MPHUUEM C POCTOM TEMIIEPATYPhl UX COAEp)KaHHE
yBenmuuuBaetcs. Haumbonbiiee conepxanue mnonudocdatoB (o 90% ot obmiero comep:kaHust
(docdopa) ycTaHOBIEHO B MPOAYKTAX TEPMOOOPAOOTKH MOJCIBHBIX CMece, coaepxkammx docdar u
cynbdar xapbamuna. Ilpu 6onee Huskux temmepatypax (90-95°C), mpu KOTOpBIX AETHApATAINS
¢dochopHOI KUCIOTHI MPOTEKaeT B HE3HAUMTENLHOW CTeNeHH, conaepxkanue noiudopm docdopa
BBILIIE B IPOAYKTaX TEPMOOOPAaOOTKH KapOaMuacoaepKalux MoJenbHbIX cMmeceil. [lo Hamemy
MHEHHIO, 3TO 00YCJOBJIEHO BO3PAaCTaHUEM CKOPOCTH MOJMKOHJeHcAu (ochopHON KUCIOTHI 3a
CYeT MPOTEKaHUs MpoIlecca TUAPOIU3a KapOamMuia, MPUBOSIIETO K BBIBOAY OJHOTO M3 MPOJIYKTOB
MOJMKOHAEHCAlMU (BOJBI) M3 30HBI PEakUUH. YBEIMYeHHE cojepxaHus nonudopm ¢ochopa B
MPOIYKTax TEPMOOOPaOOTKM MOAEIBbHBIX CMecei, COAepKallluX B CBOEM COCTaBe KapOaMmui H
auruapodochaT aMMOHUS BO3MOXKHO TaKKe 3a CYET HEMOCPEICTBEHHOIO B3aUMOACHUCTBHS
YKa3aHHBIX KOMIIOHEHTOB ¢ oOpa3oBaHueM moiIH(ocharoB aMMMOHHS, UYTO TIOATBEPKIAACTCS
JTAaHHBIMU, MIPUBEICHHBIMU B uTeparype [14]. Cinenyer oTMETUTbh, YTO TIPU HATPEBAaHUH MOJICIBHBIX
cMmeceil 00pa3yloTCsi Kak pacTBOpUMBIE, TaK M HepacTBOpUMBIE B Boje moiudocdarsl. M3
BOJIOPACTBOPUMBIX COCIMHCHHH B MPOAYKTaX TEpPMOOOpPAaOOTKH BO3MOXKHO TMPHUCYTCTBHE
nomudocdaroB aMMOHHS, W3 HEPACTBOPHUMBIX — ToidudochaTroB KajbIUsd ¢  JBOHHBIX
nonrdocharoB KaabIUsI-aMMOHHUS.

Tabmuma 3 — Pe3ynpTaThl XMMHUYECKOTO aHAIM3a IMPOAYKTOB TEpMOOOPaOOTKU
KapOaMucoJiepKaluX MOJIEIbHBIX CMEceil Ha coJiepKaHue a30Ta

ConeprxkaHue pa3InuHbIX
Tewm- Copneprxanue azora (B (dhopm a3ota B BOTHOM
MogenpHas CMech, nepa- nepecuere Ha N), mac. % pactBope, % ot o0111ero
oOpazern Typa, COJICp)KaHUS a30Ta

°C |aMuIHBIM | aMMOHUMHBIN 30T | aMUAHBINA | aMMOHUMHBIN
a30TN x| N 5o, N i asor a3oT
Ca(H,POy4),-H,O— 95 7,6 2,0 1,9 79,5 20,5
CO(NH;),, obpazen 1 105 1,5 4,1 5,2 26,8 73,2
140 0.4 4,0 4,7 9,2 90,8
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Ca(H,PO4),-H,0— 90 7.1 3,9 4,7 64,5 35,5
CO(NH,),, o6paser 2 125 1,9 4.6 5,0 29,2 70,8
Ca(H,PO4),-H,0— 105 | 0,18 7,08 727 2,5 97,5
NHiH,PO,- CONHy)z, 140 0 5,50 6,24 0 100
obpaszerr 5

H3PO4-CO(NH,)o- 105 1,0 53 73 12,0 88,0
Ca(H,PO4),-H,0, o6pasend 150 | 0,1 5,1 6,8 1,4 98,6
H3PO4CO(NH>)- 105 | 0,040 5,79 5,86 0,7 99,3
CaSO04-2H,0, obpazen7 150 0,036 4,78 4,80 0,7 99,3
H3PO4-CO(NH,)-

H, S0, 2CO(NH, ), 0Bpasen8 95 0,67 15,95 - 4,0 96,0

Takum 00pa3om, TMONydeHHBIE [AHHBIE ITOATBEPXKIAIOT BO3MOXKHOCTH 0Opa3OBaHUS
BOJIOPACTBOPUMBIX OpPTO- M monudochaToB aMMOHHSI U JTUMOHHOPACTBOPUMBIX ruapodocdarta u
nonrdocharoB Kambldg, a TakKe IBOMHBIX OpTO- M MOIUGOCHATOB KalbIUI-aMMOHHS, a B
mporecce HarpeBaHusi ruapodocdara  Kamplus, JIBOHHBIX  (PochaToB  KaIbLUS-aMMOHUS,
nonrdochopHbIx KHcaoT U ux cosieid. [IpucyrcrBue kapOammma, SBISIOMIETOCS OCHOBAaHUEM,
CO3/1aeT YCJIOBUS JUIsl yBEIWYCHUs BEIUYMHBI pH, yMEHBIICHHS HOIH BOJOPACTBOPUMBIX (hopm
dbochopa pu OTHOBPEMEHHOM BO3pacTaHUU cojepkaHus mnoiudocdhatoB B mpoaykre. [Ipuaem
oOpazoBanue monupocharoB B MNPUCYTCTBUH KapOaMuaa MPOUCXOAUT MPU OO0Nee HUZKUX
TeMIIepaTypax Mo CPaBHEHHUIO C JIUTEPATYPHBIMH JaHHBIMHU.

Jiss moATBEepKICHUST BBIBOJIOB O XapaKTepe IMPOIECCOB, MPOTEKAIUX MpPU HATrPEBaHUU
MOJICNIBHBIX CMecei, OBUIM BBIITOJHEHBI HCCIEIOBAHMS TPOAYKTOB TEPMOOOpPaOOTKH cMecei
MeTo/IoM peHTreHodaszoBoro ananusa W MK cmekrpockomuu, MmOATBEpAMBIINE 0Opa3oBaHHE B
IpoIlecce HAarpeBaHWsl MOJENBHBIX CMECeH CIEAYIOIUX COeNWHEHUH: THapodocdaTa KallbIHs,
auruapodochata ammonus, noiaudocharoB aMMOHUS, ABOMHBIX OPTO- U MUPOodochaTOB KaNbLus-
amMmMoHUs, mupodocharoB aMMOHHUSA, IBOWHBIX CynbpaToB u (HochaToB KaTbIUSI-aMMOHUSI.
OTMeueHO MPUCYTCTBUE HECKOIBKUX HEUACHTU(DUITUPOBAHHBIX (a3 U COCTUHCHUN, HAXOASIIUXCS B
aMOp(HOM COCTOSHHUM.

Ha ocHOBaHUM pe3ylbTaTOB HCCIEAOBAHMN YCTAaHOBIEHO, YTO TIPH HarpeBaHUH
UCCIICIOBAHHBIX CHCTEM, BKIOYaommx ¢ocdar kapOamuga, MMEET MECTO MOJHKOHICHCAINS
dochopHOIt KUCIOTHI M KHCIBIX OPTO(hOCHaTOB, a TAKXKE peakluu paszioxkeHus gpocdara kapbamuma
C BBIZICIICHHEM aMMHaKa, YTJIEKUCIIOro ra3a u obOpa3oBaHWEeM OpTo- W TmosmdocharoB aMMOHUS.
KoHe4HbIME TIPOAYKTaMHU SIBJISIOTCS KaK KPUCTAUIMYECKHE, TaK M aMOpQHBIC COJNH, a TaKXkKe
BOJIOPACTBOPUMBIEC U HEPACTBOPUMBIE B BOJIE OPTO- U Tonudocdatsl.

Ha ocHOBaHMM TIOJMYYEHHBIX JAaHHBIX CJEJIaH BBIBOJ, YTO TpU TEepMOOOpabOTKe
UCCIIETyeMBIX CHCTEM UMEIOT MECTO CIIECAYIOINE XUMHUECKIE IPEBPALICHUS:

— paznoxenue nuruapodocdara xkanpimsa: Ca(H,PO4),-H,O — CaHPO,4 + H3PO4 + HO;

— runponu3s kapoamuga: CO(NH;), + 2H,0 — (NHy4),COs;

— paznoxenue kapbamuna: 2CO(NH;), - NH; + NH,CONHCONH,;

— nonukoHaeHcanus oprodochopuoii kuciaoter: nH3PO4 — Hy2PnOspiy + (n—1)H,0;

— B3auMoOJeiicTBHe KapOOHAaTa aMMOHHUSI M aMMHaka ¢ OpTo- U mnonudochopHbIMU
KHCJIOTaMHU:
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H4),CO H5PO
(NHa), 3} 3PO4 NH4H,PO4 L COy

NH; Hp2PnOsn+1 (NHs)(n-xH@2+x)PaO3n+1

— p€aKkuuu 0OMEHHOTO B3aHMOHCﬁCTBHﬂ:

Ca(H2P04)2 + 2(NH4)2H2P207 —> (NH4)2C&H4(P207)2 + 2NH4H2PO4;

Ca(H2PO4)2 + 2(NH4)2H2P207 + 2NH3 e d (NH4)4CaH2(P207)2 + 2NH4H2PO4;

2C3(H2PO4)2 + 2(NH4)2H2P207 + H20 —> NH4C&2H3(P207)2'H20 + 3NH4H2PO4 + H3PO4;

3Ca(H,POy4), + 4(NH4),H,P,07 + 3H,O — (NHy)4CazHg(P,07)4:3H,O + 4NH4H,PO4 +
2H3PO4;

2C&(H2PO4)2 + (NH4)3H2P3010 + 2,5H20 4 NH4C3.2P3010'2,5H20 + 2NH4H2PO4 + 2H3PO4.

He wuckmoyeHo oOpa3oBaHHe YKa3aHHBIX BBINIE NPOAYKTOB 0€3 MpeABapUTEIbHOTO
Pa3JI0KCHUA UCXOJHBIX BCHICCTB, B YaCTHOCTHU:

— B3aUMOJICHCTBHEM KapOamuia ¢ OpTo- U MoIu(OchHOpHBIMUA KUCIOTAMHU:

CO(NH2)2 + 2H5PO4 + H,O — 2NH4H,PO4 + COy;

nCO(NH2)2 + 2nH;3;P0O4 — 2(NH4)nH2PnO3n+1 +nCO; + (1‘1—2)H20;

- B3aHMOHeﬁCTBHeM Kap6aMI/II[a C I[I/IFI/II[pO(bOC(I)aTOM AMMOHUA:

nCO(I\IHz)z + IINH4H2PO4 + HzO —> (NH4)HH2PHO3H+1 + 2nNH3 + nCOz;

— B3auMopeiicTBueM auruapodochara KajablHUsg C MPOIYKTaAMH, OOpa3yIONIMMHUCA B
pe3yabTaTe MpeBpalleHuil KapoamMua:

Ca(H2P04)2-H20 +NH; —» CaHPO4 + NH4H2PO4 + HQO;

2Ca(H2PO4)2'H20 + (NH4),CO3 —» 2CaHPO,4 + 2NH4H,PO4 + CO, + 3H,0.

B ¢ocdaTtHbIX cucTremax:

H3PO4'CO(NH2)2 + HZO —> NH4H2PO4 + NH3 + COz;

H3PO4CO(NH2)2 + Ca(H2PO4)2‘H20 —> 2NH4H2PO4 + CaHPO4 + CO2;

2H3PO,-CO(NH,), + Hy0 — (NH.)HoP205 + 2NH; + 2COy;

1’1H3PO4'CO(NH2)2 + H20 —> (NH4)nH2PnO3n+1 + HNH3 + HCOZ;

2H3PO4‘CO(NH2)2 + 3Ca(H2PO4)2~H20 e (NH4)4C33H6(P207)4'3H20 + 2C02 + 2H20;

H3PO4CO(NH2)2 + 2C3(H2PO4)2'H20 —> (NH4)2C3H4(P207)2 + CaHPO4 + C02 + 3H20

B cynbdaTHbIX cucTemax:

H,S042CO(NH,); + 2H,0 —> (NH,),SO4 + 2NH; + 2COs;

2H3PO4‘CO(NH2)2 + CaSO4-2H20 —> (NH4)2SO4 + Ca(H2P04)2 + 2NH3 + 2C02;

2H;PO, CONHa), + 2CaSO42H,0 —> (NHs),Ca(SO4)yH;0 + Ca(H>POy), + 2NH; + 2CO; +

+ H,0;

nH;PO4 CO(NH;), + CaSO4-2H,0— CaSO4-xH,0 + (NHy),H2P,O3n41 + nNH3 + nCO,+

+ (1-x)H,0.

O6o00miass  pe3ysbTaThl  BBIIOJIHEHHOTO  KOMIUIEKCA  HCCIEAOBAHMM  XUMHUYECKUX
MPEBPAIICHUH, TPOTEKAONINX MMPH HAIPEBAHUU B KapOAMHICOACPKALIMX CHCTEMaX, BKIIFOYAFOIINX
KOMIIOHCHTbI KOMIIJIICKCHBIX yHO6peHHI>i, MOKHO 3aKJIFOYUThb, YTO IpHA HAJIAYUU B CHUCTEMC
dochopHoit kuCIOTHI W AuruapodochaTa KalbIHs MPOUCXOAUT OOpa30BaHHE IMOJUMEPHBIX
dbocharoB mpu TemmepaTypax Ooree HH3KHX, YEeM TEMIIepaTypbl Hadaja TMOJUKOHICHCAITUN
HHIUBUAYAIbHBIX COeAMHEHHH. [IpOTEKaHHWI0 STHUX IPOLECCOB CIIOCOOCTBYET IPUCYTCTBHE
Kap0aMu/ia, KOTOPBI 3a CYET BOJBI, BBLACIAIOLICHCS MpH Jeruapatainuu (GpocopHOil KHCIOTHI,
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[I0JIBEpPraeTcs TUAPOIMTHIECKOMY pa3lIokKeHUI0 ¢ o0pa3oBaHueM cojeil amMmonust. Kpome toro, mpu
HarpeBaHUM B HCCIEAYEMBIX CHCTEMaX IPOTEKAIOT MPOIEcCChl 00pa30BaHMs JBOWHBIX COJEH
KaIbIUsI-aMMOHHMS — poc(haToB U CyIb(HaTOB.

[IpoTekaroniyie KOHBEPCUOHHBIC MPOILECCHl U OOpa3yIOUIHecs MPU ITOM MPOAYKTHI OyAyT
OTIpeNIENATh PUIUKO-XUMHUECKUE, GPU3NKO-MEXaHHUECKUE, arpPOXUMHUUYECKUE CBOWCTBA MOTYYaeMbIX
yI0OpeHHii, 4TO HEOOXOAUMO YUUTHIBATH MPHU Pa3pabOTKe HOBBIX TEXHOJIOTUH KOMIUIEKCHBIX NP u
NPK ynoOpenwuii, BKIIIOYAIOMIMX KapOaMUICOAEPKAIIIE CUCTEMBI.

Hannume B cocraBe MPOAYKTOB MOJUMEPHBIX (hocaToB W JBOWHBIX COJICH KasIbIIHs-
aMMOHHUSI O0ECIIeYMBAEeT CYIIECTBEHHOE CHIDKEHHE CKOPOCTH PACTBOPEHHSI NHUTATEIbHBIX
KOMIIOHEHTOB B TOYBE M, KaK CJEJICTBUE, MOBbIINICHHE S()()EKTHUBHOCTH WX HCIIONb30BAHUS H
CHIKEHHE TOTEPb.
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Tsiliofauna as an indicator of discharges of untreated domestic sewage

Kykoe Anopeit Banepvesuu, /[a1vHe80cmounblil 20Cy0apCmeeH bl YHU8epcumem nymetl
coobuenus, doyenm, kanouoam ouonocuyeckux Hayk, Ecmecmeennonayunoii uncmumym,
Hukumuna JIrvoomuna Heanoena, /lanbHe60CcmoyHblll 20CY0apCmMEeHHbllL YHUGepcumem nymeti
coobwenus, npogeccop, 00Kmop buonrocudeckux Hayk, Ecmecmeennonayunsiii uncmumym,
Tpuoyn Muxaun Mapxoeuu, /lanbHe80CcmoyHbIl 20CYO0APCMEEHHDIL YHUGEpCUmMem nymeu
coobwenus, ooyenm, Kanouoam ouonocudeckux Hayxk, Ecmecmseennonayunviii uncmumym

HuanodgayHa kKak MHIAKATOP COPOCOB HEOYHUIEHHBIX OBITOBBIX
CTOYHBIX BO/l

ExeromHoe yBeinrueHHEe BBOJAUMOTO B SKCILTyaTaIlHIO KHJIbs, BEJICT K BO3PAaCTaHUIO0 00beMa
cOpOCOB HEOUMIIICHHBIX CTOYHBIX BOJ. 3arps3HEHUs, COACPIKAIIUECS B CTOKAX (TSHKEIbIC METAJUIbI,
[TAB, HEQTETPOIYKTHI U JIp.), OKa3bIBAIOT HETATUBHOE BJIMSIHHUE HA KUBBIC OPTaHU3MBI, B TOM YHCJIE
Y Ha COCTOSIHHE 3/I0pOBBsS HaceneHus [2, 3]. XUMHUYECKH aHAIIU3 UCCIIEYEMbIX CTOKOB ITOKa3al,
YTO COJIEP’)KAaHUE HEKOTOPBIX TSIKEIBIX METAJIOB, B YACTHOCTH, JKeJIe3a M Maprafiia, MpeBhIIIAl0T
I[IIK B Heckompko pa3 (tabna. 1). CrnocoOHOCT HEKOTOPHIX BHUIOB IMJIMAT BBDKUBATH B
HEOYHIIEHHBIX CTOYHBIX BOJAX, CBUIECTEIBCTBYET O BHICOKOW PKOJOTHYECKOHN IUIACTUYHOCTU ITUX
BUJI0B nH(Yy30puil. JlaHHBII (aKT MOKHO HCIIONIB30BATh AJIsi OMOAMAarHOCTUKU CTOYHBIX BO/I.

Tabm. 1
KoHueHTpanus TsHKeIbIX METAIOB B ICCIIETyEMBIX BOJHBIX 00BEKTaxX
Bona, Ha tepputopun
Ne | Tlokasatemm Bopaa, nocrynaroiiasi Ha OYUCTHbBIE CTaJMoOHa, MI/JI IJIK,
COOPY’KEHHUS, MT/JI -1 Touka 2-s TOUKa MT/JT
orOopa orbopa
1 | XKeneso 1,0 1,0 1,5 0,3
2 | Mapranen 0,08 0,3 0,5 0,1

Jlnst BBISBIIGHUSI COPOCOB HEOYHIICHHBIX CTOYHBIX BOA B p. AMyp C TOMOIIbIO METOAA
OMOWHIMKAINK, PeHTa0eIbHEH HMCTOIB30BaTh WH(Y30PHA, TTOCKOJIBKY 3Ta TPyMIa THAPOOHMOHTOB
HanboJiee MHOTOYHCIIEHHA IO BUIOBOMY COCTaBY.

Lenp uccnenoBaHusi — BBISIBUTH HEOUYHIICHHBIE CTOYHBIE BOJBI, COpackiBaeéMble B p. AMyp,
UCTIOJIB3YS BUJJOBOM COCTaB LMJIMAT U UX MOP(OIKOIOTHIECKHE XapaKTEPUCTHKH.

J171st BBITIOJTHEH U LIeNIK ObLTH ITOCTABJICHBI CIICAYIOIINE 3a/1aUH:

1. YcTaHOBUTH BHJIOBOM COCTaB IMIIMO(ayHbl B MECTaxX cOpoca CTOKOB B p. AMyp;
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2. Onpenenuts MOP(HOIKOIOTUIECKUE OCOOCHHOCTH HEKOTOPBIX BUIOB MH(Y30PHIi: THIIBI
MUTAaHUS, )KU3HCHHBIC (DOPMBI, TUHEHHBIE pa3Mephl KJIETOK.

AHnanu3upyst mpoOkI U3 IByX TOYEK COpOCAa HEOUUIICHHBIX CTOKOB B P. AMyp Ha TEpPUTOPUU
XabapoBckoro kpaeBoro mapka uMm. H. H. MypaBbeBa-AMypCKOTO M BOJ, THOCTYMAIOIUX Ha
OUYHUCTHBIE COOpYKeHUs I. XabapoBCKa, BHISIBIIN TPYIITY TUAPOOMOHTOB MPUCYTCTBYIOIIUX B HUX.
3a mepuo/1 uccienoBaHus ObLUTO 3aperucTpupoBaHo 12 BUI0B HH(Y30pHiA, OTHOCSIINECS K Kilaccam
Heterotrichea Stein, 1859, Spirotrichea Bitschli, 1889, Armophorea Lynn, 2002, Phyllopharyngea
Puytorac et al., 1974, Oligohymenophorea De Puytorac et al., 1974 [7-9]. lannas rpynmna muivdat
npenactasieHa nepuduronnsiMu (17 %) w 1uraHkToHHO-OeHTOCHBIMH (83 %) >KM3HEHHBIMH
dbopmamu. Ilo Tuny nurtanus npeobnamaer rpynmna 6akrepuodaros Gonee (70 %), yTo cBA3aHO C
OTPOMHBIM KOJMYECTBOM OaKTEpHii, COAEPKAIIMXCS B CTOUYHBIX BOJaX.

Bo Bcex Tpex Toukax orOopa mpod ObLIM 3aperucTpupoBaHbl BUAbL Paramecium caudatum,
Podophrya sandi, Vorticella infusionum, Carchesium polipinum. Ilepeuncnennas Buasl uHhy30puit
OTHOCATCSI K TOJHcanpo0aM U XapaKTepU3YIOT MCCIEOBAaHHbIE BOJOTOKM Kak 3arps3HeHHble. B
CBS3M C TEM, YTO BBISIBJICHHBIC BHUJBl IWIMAT OTMEUYEHBl KAK B CTOYHBIX BOJAX OYUCTHBIX
COOPYKEHHH, TaK U B IpoOax u3 p. AMyp, MOKHO OTHECTH UX K IpymIie 3BpuOnoHTOB (puc. 1).

a) 0) B)
Puc. 1. OBpubOuontHsie BUabl HHPY30pHii: a) Paramecium caudatum, 6) Vorticella
infusionum, 8) Podophrya sandi, ¢) Carchesium polipinum

YucIeHHOCTh HCKOTOPBLIX BHUAO0B ObUIa HACTOILKO SHAYUTCJIbHA, YTO Ha IMOBCPXHOCTHU
KyanypaﬂbHOﬁ Cpeabl O6p330BBIBaJ'IaCI> IJICHKAa B HECKOJIbKO MUJUUIMMETPOB U3 NUJIUAT U 6aKTepHﬁ

(puc. 2).

Puc . 2. [1nenka u3 mpocTelmx u OaKTepHii: a) BUJI HEBOOPYKEHHBIM TJ1a30M, 0) BUJ TIOT
MuKpockonoM (x 100)

[unuata, 3aperucTpupoBaHHbIe B TPOOAX CO CTOUYHBIMHU BOJaMHU, IO CPAaBHEHUIO C IpodamMu
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u3 p. Amyp, B3ATBIE BbIIE COPOCOB, HUMEIOT OTIMYUTEIbHBIE MOP(O-PU3UOIOTUIECCKHIE
0COOCHHOCTHU: 0OJIBIIOE KOJIMYECTBO MUIICBAPUTEIILHBIX BaKyoJlel U Oojiee OKpyTayto GpopMy Tena.
OTH W3MEHEHHUsS OOYCIOBJICHBI, KaK MBI CYHTACM, BBICOKHMH KOHIICHTPAIMSIMH 3arpsI3HSIOIINX
OpraHUYECKUX BEIECTB, SBIISIOMNXCS KOPMOBOH 0a30ii 11 6akTepuii (puc. 3).

'\;1" 1L.

0)
Puc. 3. Undyzopust Oxytricha sp.: a) 13 HEOUUIIIEHHBIX CTOKOB, 0) U3 p. AMyp BbIIIe COPOCOB

CpaBHEHHE BHJIIOBOIO COCTaBa M pacdeT Kodp¢uiueHta (GayHUCTHUECKOTO CXOJICTBA
Cepencena, koTopblii coctaBun 17 % Ui ucciaenyeMblX BOJOTOKOB C 03€poM PylHUKOBCKOE
(KomcoMonbckmii paiioH), HEMoABEpKEHHOE cOpocaM CTOYHBIX BOA M APYTHX 3arps3HUTENCH,
MOKa3aJI0 3HAYUTEIBHOE pas3iNuue BHJOBOTO cocTaBa (Ta0m. 2). JlaHHBI BOJHBIH OOBEKT
pacroaraeTcs BIaJd OT HACEICHHBIX MyHKTOB U MHPPACTPYKTYPhI, OTHOCHUTEIHLHO YKOJIOTUYECCKH
YHICTOE, HE MOJBEPKEHA AaHTPOIIOTEHHOMY BO3JEHCTBHIO.

Tabruya 2
BunoBoii coctaB OMOIIEHO30B

Ne Buns! nady3opuii 03. PynHukoBckoe HeoummenHeie CTokH, Briajaomue b
p. Amyp
1. Aspidisca costata + -
2. Carchesium polipinum - +
3. Caenomorpha medusula - +
4. Coleps hirtus + -
5. Colpidium colpoda - +
6. C. campylum - +
7. Frontonia sp. + -
8. Hemiophrys sp. + -
9. Litonotus sp. + -
10. | Loxodes sp. + -
11. | Metopus sp. - +
12. Oxytricha sp. - +
13. Paramecium caudatum + +
14. | Podophrya sandi - +
15. Spirostomum ambigum + -
16. | Spirostomum sp. + +
17. | Stentor polymorphus - +
18. | S. roeseli + -
19. | Tetrahymena sp. - +
20. Uronema marinum + -
21. Vorticella campanula + -
22. V. infusionum - +

HesnaunrensHoE BUI0OBOE CXOJCTBO MUIHO(AYHBI pa3HBIX OMOIIEHO30B, CBUIETEILCTBYET O
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cnenu(GUUHOCTH BHUAOBOTO COCTaBa HEOYMIICHHBIX CTOYHBIX Box [l1, 4-6]. BrisaBieHHYyIO
3aKOHOMEPHOCTb ~ MOXXHO  HCIOJb30BaTh B  OMOMHIMKALIMM  BOJOTOKOB, IOJIBEPKEHHBIX
AHTPOIIOT€HHOMY BO3EHCTBHIO.

DOBpUOUOHTHBIE BUIBI HH(PY30PHA MO)KHO OTHECTH K BUAM MOJIHCANpoOaM. YBeIHnueHUE X
YHUCIIEHHOCTH CBHJICTEIBCTBYET O TOBBIIIEHUH AHTPOIIOTEHHOTO BO3JCHCTBHS Ha OHOLIEHO3 H
HaJM4ue COpPOCOB HEOUHMINEHHBIX OBITOBBIX CTOYHBIX BOJ. McciemoBaHwe BHIOBOTO COCTaBa
YY9aCTKOB pEK MPOTEKAIOIINX M0 TEPPUTOPUH TOPOaa, MOKHO OMPECITUTh KaK 30HbI HAaHOOJIBIIIETO
AHTPOTIOTEHHOTO0  Bo3zeHCcTBUs. OTHOCHTENBHO  TOCTOSHHBIA  BHUJIOBOM  COCTaB  IWJIMAT
HEOUHMIIEHHBIX CTOKOB 3a TMepuoja Oojiee 4YeM TPEXJIETHEro UCCIEeNOBaHus, JOKAa3bIBaeT
palMOHAILHOCTh METO/Ja OMOWHIMKAIMK Ui BOJOEMOB M BOJOTOKOB IPH aHTPOIIOTC€HHOM
BO3JICHCTBUM HA OKPYXAIOIIYI Cpeay W HEOOXOJUMOCTH TMPHUHSATHS COOTBETCTBYIOUIUX MeEp
0€e30I1aCHOCTH.
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Trichoepithelioma Multiplex: A Study of the Relationship
between the Anatomical Location and the Histopathological
Features

1. INTRODUCTION

Trichoepithelioma multiplex (TEM) is a rare, benign cutaneous
genodermatosis, best classified as poorly differentiated hamartomas of the hair germ
(trichogenichamartomas). In the latest WHO classification [4] trichoepithelioma is
regarded as a variant of trichoblastoma.

Since the original description of multiple trichoepitheliomas in 1892 by Brooke
and Fordyce, much controversy existed about its histogenesis and biological
behaviour [1,2,7,9,24] The most accepted view is that multiple trichoepitheliomas
develop from the undifferentiated germinative cells of folliculo-sebaceous-apocrine
units that show varying degrees of follicular differentiation [10]. The genetic basis of
TEM remains elusive. Half of the cases are sporadic. Familial cases show
autosomal dominant inheritance with the onset of the disease around the puberty
[3,9,24].

TEM shows a distinct clinical appearance consisting of multiple skin coloured
papules and nodules with a predilection for the central face. The condition was
reported mainly in Caucasians. There were few reports in Oriental and African patients
[15,16,17].

The course is wusually benign. Complications were seldom reported
(ulceration, infection, malignant transformation). Despite being benign, multiple
trichoepitheliomas pose cosmetic and sometimes functional problems.

Treatment modalities are limited, with inconsistent results and frequent
recurrences.

The current study aims to demonstrate whether significant histological
differences exist among the trichoepitheliomas located in different body areas.

To the best of our knowledge there are no comparable data in the medical
literature, particularly in patients with dark skin.
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2. MATERIALS AND METHODS

The study was conducted during the period 1995-2008 at two tertiary hospitals
in Pretoria area.

Eight patients were seen prospectively, 12 were assessed retrospectively.

Sixty four H & E stained sections from lesions located in different body areas
were examined according to 16 histological parameters for the evidence of follicular
differentiation ( follicular structures, keratinous cysts, papillary mesenchymal
bodies) and features useful in distinguishing trichoepitheliomafrom BCC ( stromal
retraction, peripheral palisading, tumor necrosis, ulceration, brisk mitotic
figures)(Adnexa1).

Special stains were employed in 17 of 20 cases for the demonstration of mucin
(PAS, Alcian blue), amyloid (Congo red), calcium (Von Kossa) deposits and
epithelial structures (AE1/AE3- CK antibodies). Because of the lack of adequate
archival tissue blocks for 3 cases, special stains were not attempted.

3. RESULTS

The study showed that trichoepithelioma multiplex was an uncommon diagnosis
(20 patients entered the study).

African patients were preponderant (16 vs. 4 Caucasians) with a slight male
predominance (11 males / 9 females). There was a wide age range at the time of
diagnosis (13 to 74 years) with a mean age of 33 years.

The majority of the patients reported the onset of lesions at puberty.

Most of the analysed cases were sporadic (15 patients). A positive family
history was identified in 3 families (5 patients). African male patients and familial
cases were more severally affected (Fig. 1; Fig. 2a-2b).Thirty skin specimens were
collected from the face, 13 from the scalp, 13 from the back and 8 from the neck.
The face was affected in all cases, followed by scalp, back, and neck.

Fig.1. Young African man with severe disease (sporadic case)
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brother and sister

Fig. 2b. Multiple familial trichoepitheliomas: mother and daughter
Note the large nodule on the forehead with telangiectatic, erosive surface covered with
crusts

The analysed skin specimens showed variable histopathological patterns
ranging from a lace-like network or a cribriform pattern seen mainly on the face and
scalp, to a solid pattern (islands and strands of monomorphousbasaloid cells seen
chiefy on the neck and upper back [Fig. 3a]. Deeply sited tumors with a
desmoplastic pattern were found in 3 cases [Fig. 3b].
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Fig. 3a. Low power view of a pattern characterized by the presence of many
keratinized cysts and granulomatous foreign body reaction

Fig. 3b.Desmoplastic trichoepithelioma

Considerable overlap between these patterns was seen resulting in a mixed
histological picture.
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Nearly all examined trichoepitheliomas (with the exception of 4 cases)
regardless of their anatomical location, exhibited at least a hint of follicular
differentiation, usually in the form of follicular germs and papillae (limited
differentiation). In 28 of 64 examined specimens, the tumour aggregates assumed a
more advanced degree of follicular differentiation especially lesions from the scalp
and back.

Papillary mesenchymal bodies (PMB), usually common in trichoepitheliomas
varied in size, shape and number. A striking difference was not found in relation to
the anatomical location of the tumours [Table 1].

Keratinous cysts were present in a variable numbers and sizes in both lobules
and stroma in 56 of 64 biopsies. Numerous small keratinous cysts were seen in all
facial lesions (Fig. 3a). When present, large keratinous cysts were demonstrated on
the upper back and neck. The scalp showed a variable number (few-to-many) and
size (small-to-large) of keratinous cysts.

The vast majority of the tumour aggregates showed focal peripheral
palisading of their basaloid cells (29/64); this was more evident in the lesions from
face (17/30). A continuous pattern of palisading was demonstrated in deeper and
larger tumours (21/64) mainly from the back (9/13).

A fibrotic stroma was demonstrated in 34 specimens (especially the lesions
excised from the face (14/30) and back (13/13).

A predominantly fibromyxoidperitumoralstroma was seen on the scalp and
neck (22 biopsies).

Stromal retraction from the tumour aggregates was lacking in 33 biopsies and
was focally present in 27 biopsies, majority from the face (18/30).

A continuous artefactual clefting surrounding the tumour islands was seen in
4 cases, all from the face.

A sparse interstitial inflammatory infiltrate consisting predominantly of
lymphocytes, with occasional plasma cells and histiocytes was seen in 28/64.
Granulomatous foreign body reactions were identified in 27/64 biopsies. They were
common in lesions showing many keratinous cysts in close proximity to ruptured
cysts [Fig. 3a]. The reactions predominated on the face (13/30), followed by the scalp
(9/13), back (4/13) and neck (1/8). However, they were more severe on the scalp.

Relevant histological findings regarding the deposition of mucin, calcium,
amyloid within the tumour and/or in the stroma / foreign body granulomas are
summarized in Table 1.

plied Studies in America, Europe, Asia and Africa
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No tumor necrosis, cytological atypia or significant mitotic activity could be
demonstrated in this study. Trichoepithelioma was seen in close relation to a benign
pigmented intradermal nevus in one specimen [Fig. 4a and 4b] and in two elderly
Caucasians, trichoepithelioma was found adjacent to a BCC.

Fig. 4a. Combined trichoepithelioma and a pigmented intradermal naevus in a patient
with TEM

8
Pl

Fig. 4b. Higher magnification of figure 4a
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Fig. 5. AE1/AE3 antibodies highlighting epithelial structures, tumor islands and
papillary mesenchymal bodies

4. ADNEXA |

Relevant features analysed in this histopathological review were as follows:

1. Epidermal continuity: assessed as present / absent.

2. Follicular structure formation: present / absent.

3. Keratinized cysts: variation in size, number; present / absent in stroma or in
tumour.

4. Papillary mesenchymal bodies (PMB): present / absent.

5. Quality of peritumoralstroma: fibrous, myxoid, fiboromyxoid.

6. Stromal retraction defined as the presence of clefts between the
aggregates of neoplastic cells and stroma: graded as absent, focal or common.

7. Tumour pattern assessed as: lace-like or retiform, solid nests/islands,
strands, cribriform.

8. Palisading of peripheral basaloid cells: present/absent.

9. Mucin deposition: present / absent, within the tumour islands or within the
stroma (highlighted by PAS and Alcian blue stains.

10. Calcification: present / absent (in the tumour, in stroma, in the foreign
body reaction). Calcium deposits were highlighted by Von Kossa stain).

11. Amyloid deposits: present / absent (highlighted by Congo red stains).

12. Anti-CK AE1/AE3 antibodies used as a pan-specific cocktail of
antibodies for tumour keratins to highlight the epithelial origin of trichoepithelioma as
an aid to conventional histopathology.

13. Tumour necrosis and ulceration: present / absent 14. Inflammatory
response: present / absent.
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15. Foreign body giant cell reaction: present / absent.
16. Mitotic figures graded semi-quantitatively as rare or common and
qualitatively as cytological atypia: present / absent.

5. DISCUSSION

Trichoepitheliomas are benign cutaneous adnexal neoplasms showing poor
differentiation toward follicular germinative cells and specific follicular stroma [3,7].

A family history with an autosomal dominant inheritance is usually evident in
50%-60% of the patients [8,9,24].

In our study however, the majority of the cases were sporadic (15 patients)
with only 3 families being affected.

Whereas some early studies of patients with multiple familial
trichoepitheliomas [5] suggested a role of the PTCH gene, recent studies [6,7]
identified mutations in CYLD gene on chromosome 16, a gene responsible for 3
clinically distinctive genodermatoses: Familial Cylindromas, Brooke—Spiegler
Syndrome, Multiple Familial Trichoepitheliomas, suggesting that these syndromes not
only share a common genetic basis, but may represent phenotypic variations of the
same disease [8].

Trichoepitheliomas may be also part of a constellation of rare syndromes such
as: Rombo syndrome, Bazex syndrome, Rassmussen syndrome [9,11,12,13].

A review of familial cases of TEM indicated no consistent associated systemic
anomalies such as those described in the above mentioned syndromes [14].

In our study, only one case presented Tuberous Sclerosis as a relevant medical
history.

A male predominance in this study, contrasts with the general view of
decreased male penetrance and expressivity [9,14].

Similar to other studies [9,10,14] the majority of the patients, reported the
onset of the lesions during the childhood, with a peak at puberty. Our youngest patient
was a 13 year-old African boy with the onset of the lesions at the age of 9 years.

The patients presented a wide variation of clinical involvement, but unusual
configuration such as linear, dermatomal, hemifacial or in the lines of Blaschko was not
seen.

Half of the patients, all of African origin presented grossly disfiguring lesions
affecting most of the face.

Similar findings were reported by W K Jacyk in an African patient in 1980 [15].

There are only a few isolated reports of TEM with such a gross
disfigurement, especially from Africa [16,17]. The surface of the lesions appeared
unremarkable in all patients with the exception of 2 patients, both Caucasians in whom
ulceration was present (Fig. 2b - mother).

Review of the literature showed that malignant degeneration of the tumors is a
rare event [18,19,20] and the presence of ulceration does not necessarily mean a
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malignant lesion. In one review [24] none of 192 examined lesions had
microscopic features suggestive of malignant transformation.

Differential diagnosis between BCC and trichoepitelioma is usually made on the
basis of the degree of the follicular differentiation (advanced in trichoepithelioma,
less pronounced in

BCC), the presence (in TEM) or absence (in BCC) of Merkel cells (CK20), the
expression of AR-androgenic receptors in BCC as opposed to lack of their
expression in TEM and bcl-2 expression (patchy and peripheral in TEM, diffuse in
BCC [7,20,22,23].

We employed these markers only in 3 difficult cases in which a close
resemblance between TE and BCC with follicular differentiation was found. The
quality of the stroma is another defining discriminant between trichoepithelioma and
BCC (fiboromyxoid with plump fibroblasts in trichoepithelioma, scarce with a few
fibroblasts in BCC).

Previous studies [7,14,25] demonstrated that trichoepithelioma presented two
distinctive stromal patterns. The bulk of stroma consists of spindle-shape fibroblasts
associated with abundant collagen. In present study, the fibroblasts in the stroma are
tightly associated with the islands of basaloid cells, encircling them, but they lack the
retraction artefact typical of BCC. The other type of stroma is represented by
aggregations of plump fibroblasts, which produce minimal amount of collagen,
named papillary mesenchymal bodies or follicular papillae [7,25].

In our study, there were mainly attempts of hair bulb formation and only
1-2 well differentiated primitive hair bulbs with “ball and claw” configuration.

Three male cases presented features of a desmoplastic trichoepithelioma:
narrow epithelial strands, rims of compact collagen around the aggregates of basaloid
cells, small keratinous cysts, sparse inflammatory infiltrate and granulomatous
inflammation around ruptured cysts (Fig.3b).

Desmoplastic trichoepithelioma is associated with an intradermal / compound
melanocytic nevus at a frequency of 10% [27,28,29,30]. It remains unclear why
this particular combination should occur repeatedly. That might represent an
example of epithelial induction by melanocytic nevi [30], proliferations of components
of the nevus regarded as a benign tumour [32] or as Keen suggested, the local
paracrine effect of cytokine / growth factors secreted by the nevus cells accounts for
the epithelial proliferations [33,34].

In our study, a single specimen revealed a trichoepithelioma in close relation
to a benign pigmented intradermal nevus [Fig. 4a and 4b]. The two
components were closely intermingled and not only placed side by side. The close
apposition between melanocytes and epithelial cells suggests that melanocytes
might play a role in controlling epidermal growth apart from just supplying it with
melanin.

Localized cutaneous amyloidosis in trichoepitheliomas is poorly documented.

It is a rare, secondary phenomenon in contrast to common amyloid
deposition in BCC. Amyloid is believed to be derived from the degenerated
(apoptotic) tumour cells producing excessive amounts of tonofilaments which are
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discharged into extracellular milieu [35,36]. We were able to demonstrate amyloid
deposition in a single patient (lesion from the scalp).

Foreign body giant cell reactions and focal calcification occur not uncommonly
in relation to benign neoplasms and nevi. In our study, foreign body granulomas and
focal ossification were seen adjacent to ruptured cysts implying folliculitis or follicular
damage due to trauma [37].

6. CONCLUSIONS

Trichoepithelioma multiplex was an uncommon diagnosis particularly in African
patients, with a low prevalence of familial cases.

A positive correlation could be established between the histopathological
pattern of trichoepitheliomas and the body areas from which the lesions were
removed.

In cases of diagnostic difficulties, one has to consider the usual presentations of
uncommon disease (TEM) as well as the unusual presentation of common
disease (BCC). In this regard, the study brings an added value in making a
more accurate histopathologic diagnosis in problematic cases.
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byxapuna Hpuna Jleonuoosena

Yomypmcekuii 2cocyoapcmeennuiil ynugepcumem, npogeccop, 00Kmop
ouonoeuteckux Hayk, Mncmumym epasxicoanckotl 3auumal

Ky3omun Ilemp Anamonveguu

HabepesxcnouenHunckuti uncmumym coyuanbHo-neoa202udeckKux
MexXHON02UlL U pecypcos, 00YeHm, KaHOUOAM CelbCKOXO03AUCMBEHHbIX HAYK,
ucmopuko-zeozpaghuyeckuil ghaxynromem

Hlapugpynnuna Auzyne MyxamemnazumosHna

Hbicesckas cocyoapcmeennas cebCKoX03AUCMBEHHAs AKAOeMUs,
acnupanm Kagheopwvl 1ecoycmpoicmea U K0102Ul

I[I/IHaMI/IKa COACPKaAHUSA TAHUHOB B JIMCTHAX APEBCCHLIX paCTEHI/Iﬁ B
TFOPOACKHUX HACAKIACHUAX

BaxxHoii mpo6sieMoil COBPEMEHHOCTH SIBJISIETCSl YCUIIEHHE CPEIOIPeoOpas3yoIx
(YHKUMI TOPOJCKMX HACAKIACHUN M CO3JaHHE DKOJOIMYECKH ONaronpusiTHOM Cpeibl
(byxapuna, 2007; Hesepoa, 2003; Lorenz, Preston, Raspe and other, 2000).
@DeHobHBIE COCIMHEHUS! B PACTUTENBHON KJIETKE MOTYT UTpaTh 3HAYMMYIO POJIb B
ajanTaldd  pacTeHUH K  pasIu4yHbIM  cTpeccoBbiM  (akrtopam (UynaxuHa,
Macnennukos, 2004).

Ucxonas w3 3TOro ™Mbl MOCTaBWIM Tepen cOOOM Ieinb H3yYuTh OCOOCHHOCTH
JTUHAMHKH COJIEP’KaHUS B JIMCThAX TAHUHOB, KaK 3JIEMEHTAa aHTUOKCUJIAHTHOM CHCTEMBI
3alUThl, B TIEPUOJI aKTUBHOW BETETAlMU IPEBECHBIX PACTEHUM, MPOU3pACTAIONIUX B
YCTIOBUSIX TOPOJICKOM Cpelbl B HACAKICHUSX PA3HBIX HKOJOTMUYECKHX KaTeropuil B
KPYITHOM IPOMBILIUIEHHOM IIeHTpe I'. HabepekHble YenHBl.

HaGepexnbsie Yennsl BxoauT B cocTaB PecnyOmuku Tartapcran, KoTopas
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pacniosioxxeHa Ha teppuropun Cpengnero IloBomkbsi, BMeCTE€ CIUSHUA [IBYX PEK
Bonmrn u Kambl, B 30HE HOCTATOYHOIO YBIIAXKHEHHS. XapaKTEPUCTUKA CTEICHU
3arpsi3HEHUs] aTMOC(EPHOro BO3/IyXa B MECTax MPOU3PACTaHUs APEBECHBIX PACTCHUM
npoBeJieHa HaMu Ha ocHoBe «Jlokiana 00 skojgormyeckoMm coctosiHuu PecmyOnuku
Tarapcran». KommuiekcHbili uHIekc 3arpsisHeHus arMocdepsl (MU3A) mokasbiBaeT
oueHb BbicOkoe 3arpsisHeHue (M3A=15.3, npu IIJIK=5) u mnpesbiieHue ypoBHA
MpeAebHO JOMYCTUMOM KOHIIEHTpanuu 1o OeH3(a)nupeny, Gopmaibaeruy,
denonam u okcuaam yriepoaa u azora. B C33 mpOMBIIUICHHBIX MOPEINPUSTUN
CPEIHETOJ0BOE MPEBBIIMICHHE OTMEYEHO IO CIIECIYIONMM BEIIECTBAM: IO OKCHUIY
yriiepoga B 2 pa3a; OKCHUAbl a3oTa B 3 pasza; AUOKCHI cepbl B 1.2 pa3sa;
dopmanbaeruay B 5 pas; no ¢enony B 1.7 pasa; no 6ens(a)nmupeny B 1.9 paza. B 3o0ne
MarucTpaJbHBIX MOCAJKaX CPEIHEr0JI0BOE MPEBBIIICHUE OTMEUYEHO IO CIEAYIOIIUM
BEIlIECTBaM: TI0 OKCHAY yriiepona B 3.4 paza, dopmanbaeruay B 3.8 pa3; mo ¢heHomny B
1.4 pa3a; mo 6en3(a)mupeny B 1.5 paza (I'ocmoknazn...,2014).

OObekTamMu uccie1oBaHus ObUTH IPEBECHBIE PACTEHUS, IIMPOKO MPEICTABICHHbIE
B 03€JICHEHUH Topojia;: a0OpUreHHbIC BUBI - KIIEH OCTPOIUCTHBIN (Acer platanoides L.),
muna menkonmctHas (Tilia cordata Mill.) m 6epe3a noBucnas (Betula pendula Roth.);
UHTPOJYLIUPOBAHHBIE BUJBI - KIIEH SICEHENUCTHBIN (Acer negundo L.) ¥ TOmNOIB
Oanp3amuueckuii (Populus balsamifera 1.). V3yuyaemble BHUIBI TpOU3pACTAId B
MPUMAaruCTpalbHBIX Mocaakax (KpynHble Maructpaiu ABTo 1 u mpocnekt Mupa) u
HACAXJICHUAX CAHUTAPHO-3aIUTHBIX 30H (C33) mpombinuieHHbix npeanpusatuii OAO
«KamA3» 3aBon «Jlutelnblii» U «Ky3HeuHbIN», SBIAIOMUXCA OCHOBHBIMHU
3arpsi3HUTENSIME TopoAa. B kauectBe 30H ycinoBHOro koHTpodis (3YK) BwriOpanbl
TeppuTOpun YeTHUHCKOTO JIECHUUECTBA, I a0OpUTeHHBIX BUIOB (Oepe3a moBucias,
JUna MEJKOJUCTHAsA M KJIEH OCTPOJIUCTHBIN), a JUisi MHTPOAYLUUPOBAHHBIX BHUIOB
(KJIEH SICEHENMCTHBIA W TOMOJb OaTb3aMUYECKHI) — TEPPUTOPHUS TOPOJCKOTO Mapka
«I'penaga» (Atnac..., 2005).

B HacaxaeHusx peryisipHbIM CIIOCOOOM 3aKia/ibIBaIM MPOOHBIE MIOMAAH (IO
5 mrT. B KaxaoMm paiioHe, pazmepom He MeHee (.25 ra). B mpenmenax npoOHOU
TJI0IA U TTpoBOAWIN O0TOOP (TI0 10 pacTeHui KakJ1I0T0 BUIAa) U HyMEPAIUIO YUYETHBIX
JPEBECHBIX PAcCTeHUH. YUETHbIE OCOOM MMENHU XOpOIIee >XU3HEHHOE COCTOSHHE U
CPEIHEBO3pPaCTHOE  OHTOIE€HETHYecKoe cocTtosgHue  (g;). s  mpoBeneHus
arpOXMMHUYECKUX aHAJIU30B HAa MPOOHBIX IUIOMIAIAX MPOBEIU OTOOP MOUBEHHBIX MPOO
(cmemranHas mpoOa, COCTaBi€HHAs W3 MHAMBUAYAIBHO B3SATHIX MPOO MO CrIOCoO0y
kouBepta) (OCT 1983; Metoauueckue..., 1996).

Jns  npoBeneHus 1abOpaTOpHBIX  (PU3HOJIOTO-OMOXMMUYECKUX  AHAIHM30B
oTOUpanyu NpoObl BEPXYILLIEYHBIX BET€TATUBHBIX FOJMYHBIX TOOETOB U MX CPEIUHHBIX
(accumunupyromux) JUcTbeB. OTOOp MPOBOAWIM CO CpeAHEH W HIKHEW YacTu
(uckmrouass HWIKHUE BETBH) KPOHBI JIPEBECHBIX PACTEHUU C IOKHOM DKCIO3UIIUU
kpoHsl (buoxumus pacrenmii, 2009). Cmemannyto mpoOy He TPOBOIWIN (KaxKaas
0c0o0b BBICTYyIAa KaK MOBTOPHOCTH), AJISl KXKJI0M 0COOM aHANM3bI TPOBOAMIN B TPEX
noBTopeHusix. ConepkaHue KOHJICHCHUPOBAHHBIX TAaHUMHOB B JIUCTHAX JIPEBECHBIX
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pacTeHull ompeneisii TPUXKAbl B TEUECHUE BEreTaluu (UIOHb, MIOJb, ABIYCT) U B
TEUEHHWE TpeX BererauMoHHbIX nepuogoB  (2011-2013  rr.), wucnoub3ys
nepMaHraHaTomeTpudeckuii Metos1 (meron JIeBenrans B mogudukanuu Kypcanosa).

[Ipn mnpoBeneHUMH AMCIEPCHOHHOIO CTAaTUCTUYECKOTO AaHaIW3a pPe3yJIbTaThl
71a00paTOPHBIX AHAIM30B YCPEIHSIUCh MO HACAKICHHUSIM PAa3HBIX IKOJIOTHMYECKUM
Kareropuil. Maremarnueckyro 0OpabOTKy pe3yJlbTaTOB IMPOBEIU C MPUMEHEHHUEM
CTaTUCTUYECKOro Tmakera «Statistica 5.5». [lns uHTeprpeTanuu MOJTYYEHHBIX
MaTepuaioB HCIOJBb30BAIU METOJbl OMHUCATEIbHOW CTATUCTUKU M JUCIIEPCUOHHBIN
MHOTroGakTOpHbI aHanu3 (IpU MOCJHEAYIOUIe OLIEHKE pa3iuyuid  METOJ0M
MHOECTBEHHOT0 cpaBHeHUsI LSD-test).

B 2011 r. MeTEOpOIOTHUUECKHE YCIOBHS BET€TAllMOHHOTO IIEpUoAa APEBECHBIX
pacTeHUI XapaKTepHU30BAIMCh MOBBIIMIEHHON TEMIEPATYpON BO31yXa, IMPEBBILICHUEM
CPEHEMHOTOJIETHUX JaHHBIX B Tpezenax +3...+7°C, a Taxke BBIIABIIMMU OCAJIKaMH
Ha ypoBHe HOpMBIL. B 2012 u 2013 rr. 661111 60JIee 3acynuInBbie yciaoBus, uem B 2011
r., TPEBBIIIEHUE TEMIIEpaTypbl HaJ CPEIHEMHOIOJIETHUMH JIaHHBIMU COCTABJISIIO
+7...+11°C, a BbInaicHue 0CAAKOB ObLIO HUKE HOPMBI.

[IpoBeieHHBIN aArpOXMMHUYECKANM aHAIMU3 IOKa3aj, YTO MOYBBI B HACAKICHUAX
30H YCJIOBHOTO KOHTpPOJS uMenu ciabomenounyio peakuuio (pHxe = 7.1-7.2),
cpeqHee cojiepkaHue opraHuyeckoro pemiectBa (5.3—5.8 %), OT MOBBIIIEHHOTO 10
OY€Hb BBICOKOTO cojiepKaHue MoABmwkKHOro (ocdopa (115.4-291.3 mr/kr) m ot
BBICOKOTO JI0 0Y€Hb BBICOKOTO — 0OMeHHoro Kanus (210-314 mr/kr). B mouBax Ob110
OTMEUYEHO BBICOKOE COJep)KaHhe HUTpaTHBIX ¢opm azora (210-405) u HuU3KOE
colepkaHue aMMOHUWHBIX ¢opMm azora (8.3—-19.3 wr/kr). B HacaxmeHHsIX
CaHUTapPHO-3aIIUTHBIX 30H MIPOMBILIIIEHHBIX IpeANpUATHIA MIOYBBI
XapaKTepU30BAIUCH CIA00KUCION M chadorienounon peakuueit (pHygc = 6.7-7.5),
COJIep’KaHUEM OPTaHUYECKOTO BEIECTBA OT CPEAHEro A0 MOBBIIMIEHHOTO (5.5-6.2 %),
coJiepaHueM HUTpaTHBIX (opMm a3oTa Ha ypoBHE 247-300 MI/KT W aMMOHUWHBIX
dopm azota Ha ypoBHE 6.1-14.9 wMr/kr. B MarucTpalbHBIX HACaXICHUSIX ITOYBBI
nMenn: oOMeHHYI0 KHUCIOTHOCTH 7.4—7.7 (pHmo = 8.4-8.6), XapakTepu3ymOIIyIo
C1a0OIIENIOYHYIO0 PEaKlUI0 TOYB; HU3KOE COJEP)KaHHE OPraHMYEeCKOro BEIIECTBA
(1.7-3.1 %); oT HHU3KOTO A0 CPEIHETO COjAep’KaHWe aMMOHHiITHOro azotra (6.4-8.1
Mr/kr) u nojasuxHoro Qochopa (P,Os = 29.8-53.5 wmr/kr); cpenHee coaep:kaHue
HuTpaTHOro aszora (164—175); oT BBICOKOTO A0 OYEHb BBICOKOTO COJEpKAHHE
oomennoro kanus (K,O =210-325 mr/kr).

JlucnepcroHHbIi MHOTO(aKTOPHBIN aHAU3 Pe3yabTaToOB ucciaeaoBanuii B 2011
T. BBISIBUJ JIOCTOBEPHOCTH BIIMSIHUS BUJOBBIX OCOOCHHOCTEH (ypOBEHb 3HAYMMOCTHU
P<10'5), KOMIUIEKCA YCIOBUM MECTa MPOU3PACTAHUS (P=8.37'10'5), CPOKOB BereTaluu
(P=1.16'10"), a Take B3aumomeiicTeus 3Tux dakropo (P<107) Ha comepikaHue
TQHWHOB B JIUCTHAX JAPEBECHBIX PACTCHUH.

Pesynbratel uccnenoBannid B 2011 r. mokazanu, 4To y BCEX U3yUYEHHBIX BUOB
pacTEeHU U BO BCEX TUIIAX HACAXKIEHUIN COJEp>KaHUE TAHWHOB B JINCTHSIX BO3PACTAET
B XOJI¢ BEreTaluu, JOCTUrasi HaumOONbIIMX 3HAaYeHUN B aBrycre. HauOonbmiumu
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3HAYEHUSIMU TOKa3aTelld TAaHMHOB XapaKTepH30BalIUCh Oepe3a MOBHUCTAs, KIIEH
octponucTHbid (11.87-11.89 u 11.27-11.63 Mr/r cyx. B-Ba COOTBETCTBEHHO), T.€.
a0OpHUTCHHBIC BU/IBI.

VY npexacraButeneil poja KieH HaOIIOJAINCh CX0KHE OCOOCHHOCTH U3MEHEHHUS
B COJEPKAHUM TAHWHOB B JIUCTBhSX PACTEHUN TOPOACKHUX HACAXKICHUU: B HIOHE, B
MIOJIE U B aBryCT€ COJEpKAHUE TAHUHOB B JIMCThAX PACTEHUM B HaCAXKICHUIX
POMBIIUICHHBIX 30H M B MArUCTPaIbHBIX MOCAKaX ObLIO CYIIECTBEHHO HUXKE, YEM B
HACaXJCHUSAX 30H YCIOBHOTO KOHTposs. Ilpu 3TOM Hambomblnee CHUXKEHHE IO
cpaBHenuto ¢ 3YK Habmomanocs y kieHa siceHeaTucTHoro B urose (Ha 0.76 Mr/t cyx.
B-Ba) u B aBrycre (Ha 0.67 mr/r cyx. B-Ba, mpu HCPys=0,03) B HacaxkmeHUsIx
IPOMBIIIJIEHHBIX 30H B MPUMAarucTpajibHBIX mocaakax B aBrycre (Ha 0.7 mr/r cyx. B-
Ba, mpu HCP(;s=0,03). 3T0 MOKHO OOBSICHUTH JIMOO KaK CHHYKCHHEM CUHTE3a IAaHHOTO
MeTabonuTa, JUOO0 €ro MHTEHCHBHBIM pACXOJOBAaHMEM B 3alllUTHBIX pEaKLUAX
pacTeHuid, Tak KaK HMMEHHO 3TH MECSIUbl MO MHOTOJIETHUM JaHHBIM OTJIMYAIOTCS
HauOOJIBIIUM YPOBHEM 3arpsi3HEHUs] aTMOC(EepHOro BO3ayXa B TOPOJIE.

Paznuuus B conepkaHUU TaHWHOB B JIMCTHSIX JIMIBI MEJIKOJIUCTHOU U OEpe3bl
MOBUCTION B TOPOACKMX HACWKICHUSIX B HWIOHE OblIa CXOXH. B MaructpambHBIX
Nocajgkax W B HACaXJCHUAX CAH30H PACTEHUS OTJIMYAIMCh Oo0Jiee HUZKUM
colepx’aHueM TaHMHOB Mo cpaBHeHMI0 ¢ 3YK. B wutone pe3ynpTaThl OKazaluch
OTJIMYHBIMU OT UIOHS. B JIMCTHSIX pacTeHU B MarucTpabHBIX MOCAJKaX COAECp>KaHUE
TAHWHOB OBLJIO 3HAYUTENHHO BhIIE TI0 cpaBHeHUIO ¢ 3YK. BumoBsie oTnnuus y 3Tux
IBYX BHJIOB pacTeHUl HaOmonalnch JHIIb B aBrycre. B nHcThAX Jumbl
MEJIKOJIMCTHOM cofepKaHNe TaHMHOB ObUIO JOCTOBEPHO HUXKE, YEM B HACAKICHUAX
MapKOBOM U MPUTOPOAHON 30HBI , MPUYEM U B IPUMArUCTPANIbHBIX Nocaakax (Ha 0.12
MI/T CyX. B-Ba) M B HACAXJICHMUSIX CAHUTAPHO-3AIIUTHBIX 30H MPOMBIILIEHHBIX
npeanpustuil (Ha 0.31 Mr/t cyx. B-Ba, mpu HCPy;=0.03). Ocobu Oepe3bl MOBHUCIION B
ATOT MEepuoJ HAOMIOACHUM B pa3HbIX THUIAX HACAXKACHUN HE UMENH JIOCTOBEPHBIX
pas3inyuil ¢ KOHTPOJIEM IO COJEPKAHUIO TAHUHOB.

BunocnennduuHoCTh peaknuu pacTeHUs Ha YCIOBUS MPOU3PACTAHUS
HaOMoAaNach y TOMOJA Oalb3aMUYECKOTO: B HACAXKICHUSX MPOM3OH B HMIOHE U B
WIOJIe COJIepKaHUEe TAHWMHOB B JIMCTHAX PACTEHHM mpeBbimano nokazarenu 3YK, a
3aTeM B aBrycre, HA00OpOT, 3HAYMTENHHO CHUXAJIOCh 1Mo cpaBHeHuio ¢ 3YK. B
MarucTpalbHBIX TOCATKaX TUHAMHUKA IMOKa3aTels ObUla MHOW: B HIONIE — HUXKE, B
UIOJIE — COJIEp’KaHHe TAaHWHOB BbiIe, 4yeM B 3YK, a B aBrycre pasiuuuii Mexy
TUTIAMH HACAXKJICHUN YCTAaHOBJICHO HE OBLIO.

B nocnenyromme roapl, y JMIObBl MEJIKOJUCTHOM XapakTep H3MEHEHHS B
COJIEpKAaHWM TAHMHOB B pPa3HbIe MeECALBl HAONIOAEHUN W B pa3HbIX KaTETOPHIX
HAaCaXJeHUM ObUT aHAJNIOTMYHBIM, HE CMOTpA Ha Ooyiee HSKCTpeMajbHbIE
MeTeoposornyeckue yciaoBus. Ho crmemyer OTMETUTh, YTO YHCIICHHBIC 3HAYCHUS
coJiepaHus TaHUHOB B MUCThAX B 2012—2013 rr. Obutn HKe 1o cpaBHeHuUto ¢ 2011
I., IPUYEM 3TO OBLJIO XapaKTEPHO VISl BCEX M3Y4YaeMbIX BUJIOB PACTCHUIA.

VY Gepesnl noBucioit B 20122013 rr. B HacaxaeHusx C33 NpOMBIIUICHHBIX
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OPEeNNpUsATHI XapakTep H3MEHEHUN B COJEp)KaHWU TAHUHOB ObUT aHAJIOTMYEH
BeretauoHHoMy niepuony 2011 r.. B maructpanbHbIX Mmocajgkax B YCIOBHSIX
WHTEHCHUBHOIO TEXHOT€HHOTO BO3CHCTBUA B 00Jiee CIIOKHBIE MO METEOYCIOBUAM
roJibl B TEUEHHUE BCETO Meprojia HaOMIOACHUNH OTMEYAOCh 3HAYUTENbHOE CHHKEHUE
COJIEpKaHUs TAHUHOB B JINCTHSX 10 CPABHEHUIO C KOHTPOJIbHBIMU HACAXKICHUSIMU.

AHaJIOTUYHBIE PE3YyJbTaThl OTMEUYEHBbl U Yy HM3y4aeMbIX BUAOB poja KieH. B
TEYEHUE BCETO BEreTAIMOHHOTO MEPHOJIa PACTEHUS B MaruCTPaIbHBIX MOCAJKaX U B
HACaXJACHUSIX MPOM3OH HMMENIH 00Jiee HU3KOE COJAEp>KaHUE TAHUHOB B JIUCTHSAX IO
cpaBHeHU0 ¢ 3YK. YuuThiBasg Xopoliee >KHU3HEHHOE COCTOSHHE MpeICTaBUTENEH
poia KJIEH B HCCIAEAYEMbIX HACaXICHUSAX, MOXKHO IIOJaratb, YTO CHIKCHHE
COJIEp’KaHUS STOTO MeTaboJMTa CBS3aHO C €ro 3alUTHBIMU (YHKIUSMU U €ro
pacxo/I0BaHWEM Ha 00eCIIeUeHHE 3alUTHBIX MEXaHU3MOM JIMCTA.

Uro xkacaercsi Tomojis 0aiab3aMHUYECKOTO, TO HaM HE YAajJoCh BBISIBUTH
YCTOWYMBBIX OCOOCHHOCTEH AMHAMHMKH JaHHOTO METa0OJMTa B JIUCTHAX B TOJbI
UCCIIeIOBaHUM, XOTs pe3ynbTaThl uccnenaoBanuii 20122013 rr. 6pun cxoxxumu. B
HACaXJCHUSX CAHUTAPHO-3AIIUTHBIX 30H MPOMBILUICHHBIX MPEANPUITAR U B
NPUMAruCTPalbHBIX — MOCAJIKaX colepKaHWE TaHWHOB B JIUCThSIX TOIOJS
Oanb3aMHUecKOro ObUIO OCTOBEpHO BbIlle, yeM B 3YK, 3a HCKIIIOUEHHEM HIOHS,
KOT'JIa OHO OBLJIO JOCTOBEPHO HUKE 110 CPABHEHHIO C KOHTPOJIbHBIMH PACTEHUSIMHU, HO
He Oosee uem Ha 0.05-0.04 wmr/r cyx. B-Ba, mpu HCP(s=0.03).

Takum 00pa3zoM, MOKHO 3aKIIFOUUTh, YTO PEAKIIMU PA3IUYHBIX BUJIOB PACTCHHI
Ha yCJIOBHS MPOU3PACTAaHUS 3aBUCENIA HE TOJIBKO OT CTENEHU TEXHOT€HHOM Harpy3KH,
HO ¥ OT CKJIAJbIBAIOIINXCA METEOPOJIOTHYECKUX YCIOBHM B MEpPUOJ, BEreTaluuu
pacTeHui.

1) Conepxanue TAHUHOB B JIMCThSIX PACTEHUIN YBEIMYUBAETCS B TEUCHHUE BCETO
nepuoaa aKTUBHOM BereTaluu U JOCTUTaeT MaKCUMAaJIbHOTO 3HA4Y€HHs B aBrycre. 2)
Ha copepxanue TaHWHOB B JINCTHSIX BIUAET CTEMEHb TEXHOTEHHOW HArpy3Ku H
0COOCHHOCTH METEOPOJIOTHUECKHX YCIOBHM BereTallMoHHOTo nepuoja. 3) Iunamuka
HAKOIUJICHUSI TAHUHOB B JIUCTBSIX JPEBECHBIX PACTEHUN MMEET BUIOBYIO CHEIUDUKY.
4) KongeHcupoBaHHbIE TAHUHBI, HA HAIIl B3IJISI, SABJISIIOTCS aKTUBHBIMU YYaCTHUKAMHU
aJanTallMOHHBIX MPOIECCOB y JPEBECHBIX PACTEHHUM B YCIOBHUSAX TEXHOT€HHOTO
cTpecca. 5) s co3maHus NPUMAruCTPalbHBIX MOCATOK MPEANOYTEHUE CIEAYET
OTaBaTh TAaKWM BHJAM JIPEBECHBIX PACTEHUM, KaK KIJIE€H OCTPOJUCTHBIN, KIIEH
aMepUKaHCKUW, Oepe3a MOBHUCHAs, a MPUMEHEHHUE JIUMbl MEIKOJIUCTHOW M TOMOJIA
0aIb3aMUYECKOTO0 — OTPaHUYUTh. |15 co3MaHusl HaCAKIECHUN CAaHUTAPHO-3aIUTHBIX
30H MPOMBIIIEHHBIX MOPEeaNnpusaTHii HanbOosee O0O0OCHOBAaHHBIMU JPEBECHBIMU
NOpoJIaMU  SIBIISIFOTCSA  JIMMA  MEJIKOJIUCTHAs, TOMOJb Oallb3aMHUYECKHd, KIIEH
OCTPOJIMCTHBIN U Oepe3a MoBUCasl.
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Vegetation of river basin Zaamin

boruposa Jlazu3a,
['ynucTanckuii TOCy 1apCTBEHHBIM YHUBEPCUTET, Y 30€KUCTaH
Kangunar 6uonorunyeckux Hayk, (pakyiabTeT eCTeCTBO3HAHHE

PacTuresnibHOCTDH OacceiiHa peku 3aaMUHCY

N3yuenne mnpouecca OMyCTHIHMBAHUS PACTHTEIBHBIX PECYPCOB M HUX 3KOJOTMYECKOTO
paBHOBeECHS SIBJIAETCS INI00ATBHON MEKIYHAPOIHON MPOOIeMOH.

[IpoBenens! reoboTaHNYECKHE HCCIEIOBaHMs OacceiiHa p. 3aaMUHCY, PACIONIOXKEHHOTO Ha
CeBEpHBIX cKarax 3amanHoro Typkecranckoro xpedta. OCHOBHBIE BBICOTHI 3/1eCh BapbupyOT oT 400
M Haa yp. Mops B okpectHocTsx Jlamrabama mo 4029 M Ham yp. MOps B BEpPXOBBAX PEKH
Yangeipcas. CBeeHUs: 00 OCOOCHHOCTSIX PACTUTEIBHBIX COOOIIECTB U YCIOBUSAX WX OOMTaHUS B
Jlxu3akckoil o00JacTM B 4YAaCTHOCTH OacceiiHa peku 3aaMUHCY colepKarcs BO MHOTHX
OoTaHnueckux Kaprorpaduueckux pabortax [1-3] SBUBIIMXCS OCHOBHOM JJisi CpaBHEHUS C
pe3yJbTaTaMH JI0 HAIIUX UCCIIETOBAHUM.

Peka 3aamumHcy (mmmHa-58 KM) pacmojoXeHa Ha CEBEpPHHX CKarax 3amagHoro
TypkectaHnckoro Xpernra Ha rpaHuiax (Ha ore W BOcToke) ¢ TaxukuctaHoMm. bacceiin co Bcex
CTOPOH OKPY’>K€H TOPHBIMHU OTPOTaMH pa3HOU BBICOTH HaI yp. Mops. [ist GacceitHa xapaKTepHbI
BBIXO/IM TPETUYHUX MECTPOCBETHBIX MOPOJ KPACHBIX JKENTHIX CepbIX NecuyaHukoB. C BOCTOKa U
ceBepa KbI3puiMazapckas BliaJiMHa OTpOHUYEHA U3BECTKOBBIM MaccuBoM Cymia, KOTOpO# Ipope3aer
pexa Kei3puiMaszap, y ciausHusi ¢ mputokoMm Kamikacy o0pasysi HENpPOXOAWMOE yCKOe YIIese
Yopranra. Ha tepputopun OacceliHa BCTPEUAlOTCs BCE BBICOTHBIC IMOSICA: MPEATOPHBIC PaBHHHBI
(uynb), mpenropbs (anmelp), ropbl (Tay), BBICOKOTOpbS (siljlay) U COOTBETCTBYIOIIME MM THUIIbI
MOYBBl PACTUTEIBHOCTH.

BnepBeie B 00ocobneHHOM  BHae B oObeMe OacceliHa W3y4YeHBI M BBISIBICHBI
THTIOJIOTHYECKast CTPYKTypa (UTOIICHOTUYECKOTO u  (uopucTHUECKOTO pasHOOOpasus
PAaCTUTCIILHOI'O IIOKPOBA, MaciTad CTeneHb HAapyICHHOCTH W MEXAaHHU3Mb aHTPONOTCHHBIX
(akTopoB myTeM KapTorpauyeckoil HHBEHTApU3allMd Ha OCHOBE CIyTHMBBIX MAaTEpHUaJIOB.
brorogaps 6osbIIoMy CHEKTOPY aOCOJIOTHBIX BBHICOT U COOTBEBETCTBEHHO ITUPOKOMY JIHMAINa30HYy
9KOJIOTUYECKUX YCIOBHH 3[1€Ch COCPEAOTOUYEHO OO0blIoe (PUTOLIEHOTHYECKOE, (IIOPUCTUYECKOE,

OKOJIOTHYCCKOC, 6HOMOp(1)0J'IOFI/I'-ICCKOG pa3H006pa3HHe 9KOCHCTEM II0 BBICOTHBIM IIOACaM.
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Ompenenensl 85 accoumanuu, oTHoOcsMXca K 27 opmamusam, 19 nenorunam, 9 snadporunam B
npenenax 6 THMOB Ha 4-X BBICOTHBIX TMoOsicaX. Ha CcOCTaBlIeHHOW KapTe OTpaxeHbl 36
KapTarpo()U4ecKuX CJUHMII U X aHTPONOTeHHbIE MoauduKanuu. Ha MOHUTOPUHTOBBIX ydYacTKax
BBISIBJIEHBI 516 BUIOB pacTeHui, oTHOcsAmMXcA K 249 ponam u 61 cemeiicTBam.

KommuiekcHbI moaxoa K M3yYeHHIO PACTUTENBHOTO MOKPOBAa KOHKPETHOTrO OacceifHa maer
BO3MOXHOCTh B TIEPCIIEKTHBE PAIMOHAIBLHO HCIIOJIB30BaTh €ro, MPOTHO3MPOBATH HETATHBHBIC

MPOIIECCHI M SKCTPOIOJINPOBATh Ha aHAJIOTHIHBIX OacceiHax.
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2. Hemypuna E.M. PaturenpHOCTh 3amagHoil yactu TypkecTaHCKOro xpeOTa U €ro OTpPOTOB.
Tamkent, 1975. - ¢. 3-181.
3. Bpmmskun /1./]. 'eo6oTanndeckoe xaprorpadguposanue. Mocksa, 1977. - c. 90-97.
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KRAS Mutation is a Local Tumour Event and Not a Field
Change in Pancreatobiliary Tumours

1. INTRODUCTION

The KRAS oncogene encodes a protein responsible for signaling in the
mitogen activated (MAP)-kinase pathway of intracellular signal transcription.
KRAS mutation results in continual activation of the protein with consequent
continual stimulus for cellular proliferation. KRAS mutation (KRM) is the earliest and
most common mutation in pancreatic cancer [1,2]. KRAS point mutations at codon
12 are present in approximately 85-95% of pancreatic cancers [3,4,5]. The
mutations are generally a single amino acid substitution in codon 12 or less frequently
codon 13. A single amino acid substitution from glycine (G) to aspartic acid (D) at
codon 12 is seen in up to 95% (60-95%) of pancreatic ductal cancers [6,7].

The aim of this study was to assess KRM in resected pancreatobiliary tumours
and the non-tumourous margin tissue such that molecular changes within the tumour
and surrounding tissue could be mapped. This was to assess if genomic alterations
reflected a field change within the entire pancreas or if these changes occurred only in
tumour tissue.

2. METHODOLOGY

The study was approved by the Royal Adelaide Hospital Human
Research Ethics Committee. We recruited patients from the Royal Adelaide Hospital
Hepatopancreatobiliary Surgery Unit, using our web-based database. Patients whohad
undergone pancreaticoduodenectomy and distal pancreatic resection at our institution
from 2011-2012 were identified. Patient demographics, background history and tumour
details were collated. Tumour tissue and non-tumourous margin tissue was selected by
a single pathologist.

Tumour tissue and margin areas were macrodissected from FFPE tissue
sections following identification by a pathologist. DNA was prepared from the tissue
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using the QlAamp FFPE Tissue kit (Qiagen GmbH, Hilden Germany). Plasma DNA
was isolated from 3mL K2EDTA plasma using the QlAamp Circulating Nucleic Acid
kit (Qiagen GmbH, Hilden Germany). KRM at codons 12 and 13 was assessed

using a primer extension assay SNaPshot ™ (Applied Biosystems, Warrington

UK). SNaPshot T uses fluorescent dideoxynucleotides

(ddNTPs) as the detection nucleotides. The region of interest of the KRAS gene
is amplified by polymerase chain reaction (PCR) and the resultant product is purified
by the removal of excess nucleotides and primers. For the primer extension step,
detection primers and SNaPshot reaction mix, containing fluorescent ddNTPs, buffer
and enzyme, which are then added to the purified PCR product. Each detection primer
is extended by a single fluorescent nucleotide which, following alkaline phosphatase
purification is detected by capillary electrophoresis. The results are analysed using
fragment analysis software.

Statistical analysis was performed using the Fischer exact test for categorical
outcomes and the Mann-Whitney U test (MW-U) for continuous variables. A p< .05 (2-
sided) was taken as the least of statistical significance.

3. RESULTS

Fourteen patients were recruited and consented for the study. Of these, 13
patients had undergone a pancreaticoduodenectomy and one patient had a distal
pancreatectomy. The median age of the patients in the study was 68 (range 57-86)
years. The M : F ratio was 8 : 6. Of the 14 patients, 12 patients had adenocarcinomas
(5 pancreatic; 4 ampullary, 3 biliary cancers) and 2 patients had benign mucinous
tumours (BMT) (Table 1).

. TUMOUR KRM STATUS

Six patients (6/12) with adenocarcinomas had KRM in their tumour tissue (5 in
codon 12 and 1 in codon 13). The mutations and base substitutions are delineated in
Table 1.

[l. NON-TUMOROUS MARGIN KRM STATUS

Non-tumourous margin tissue was negative in all patients with cancer regardless
of their tumour KRM status. (p = .014 — Fisher).

IA) TUMOUR SIZE

Malignant tumours with KRM were significantly larger than wild type tumours, 30
(22-65) mm vs 20 (15-35) mm [median (range)] (p = .045 — MW-U).

[l B) NODAL STATUS

Tumours with KRM were all node positive compared to wild type tumours 6/6 vs
2/6 (p= .06 — Fisher).

Il C) VASCULAR INVASION

Vascular invasion was noted in 4/6 with KRM compared to 2/6 with wild type. Il
D) PERINEURAL INVASION

Perineural invasion occurred in 5/6 in each group.
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4. DISCUSSION

KRM was negative in non-tumorous margin tissue in all our patients, including
patients who had KRM in tumour tissue. This sheds light on the mapping of
molecular changes within pancreatic tumour tissue and the surrounding
pancreatic parenchyma. The genomic mutations are therefore a local event
within tumour tissue and not a widespread phenomenon.

In our series, tumours with KRM were larger and all had nodal disease. Fifty-
percent of our patients had KRM in their tumour tissue. These results are comparable
to another study that included periampullary tumours in addition to pancreatic cancers.
Their overall incidence of KRM was 55% [8]. Oliveira-Cunha et al reported that in a
hundred patients in their series with pancreatic and periampullary cancers, the
incidence of KRM was 41.2%, and they went on to say that the true incidence of KRM
may be far less common that previously reported [9]. They also found no correlation to
survival.

It is interesting that although KRM is thought to occur in almost all pancreatic
cancers, as an iniator to cancer progression or “sine quo non”, studies have found
prognostic significance of KRM in pancreatic cancer [2,10]. One study found that their
incidence of KRM in their series of 272 pancreatic adenocarcinoma was 53.8%, and
KRM was associated with poor survival [10]. KRM in inoperable pancreatic cancer
has been reported to be independent negative prognostic factor and is associated
with reduced survival [11]. It may well be that these observations support that
perhaps the incidence of KRM is lower than previously thought.

Our assessment of margin tissue involved peritumoural normal margin tissue.
Given that genomic mutation is a local tumour event, then a margin with positive KRM
may have clinical relevance. Kim et al found KRM in 53% of their histologically
negative margin tissue and found that this was associated with poor prognosis [12].
This is markedly different from our 0% in our margin assessment for important
reasons. We evaluated histologically normal margin tissue for assessment of KRM,
whereas Kim et al assessed histologically “negative” margin tissue. Their negative
margin tissue was negative for cancer, but included pre-malignant lesions from low-
grade to high-grade pancreatic intraepithelial neoplasia or PanIN, which account for
this higher incidence of KRM and the discrepancy without findings.

Accurate assessment of KRM is imperative in an era of growing use of
selective, targeted molecular and chemotherapeutic agents [13]. KRM status in lung
and colorectal cancer, has led to advances in the management of these cancers, with
personalised therapy based on KRM status [14,15]. This has included improved
survival in patients with wild-type KRAS colorectal cancer undergoing anti-EGFR
treatment [16]. The future holds promise for pancreatobiliary malignancies and
potential treatment if we can extrapolate these advances to our practice.
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5. CONCLUSIONS

KRM is a local event in pancreatobiliary tumours. KRM in our study was
associated with larger malignant tumours and a trend towards nodal involvement.
Accurate assessment of tumour KRM depends on study of tumour tissue as it is a local
event.
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Linear sizes of a ciliofauna as important indicator of biological
production of ecosystems

Tpuoyn Muxaun Mapkosuu,

Jlanvruesocmounslii 20cy0apcmeeHublll YyHUsepcumem nymet cO0OueHus,
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npogeccop, dokmop buonocuueckux Hayxk, Ecmecmeennonayunsiii uncmumym,
/Kykoe Anopeit Banepvesuu,

Hanvrnesocmounsitl 20cyoapcmeeHHblll yHugepcumen nymeii coooueHus,
ooyenm, KaHouoam ouonocuyeckux Hayk, Ecmecmeennonayunviii uncmumym

JIuHenHbIe pa3Mepsl HWIHO(AaYHbI KAK BAKHBIN NIOKa3aTe/lb
OMOJIOTMYECKOM MPOXYKIMH IKOCUCTEM

BaxHoli XxapaKTeprCTUKON COOOIIECTBa MPOTO30€B SBIISIETCS pa3MEepHBIN cocTaB. JInHEHHbIC
pa3Mepbl MPEACTaBISAIOT COOOW WHTETPHPYIOIIYI0 XapaKTEPUCTHKY BHIIOB, OMPEICIISIONIYIO €ro
HKOJIOTUYECKYI0 HHIIYy. Pa3mepHblid psia CBOOOMHOXUBYIIMX WH(QY30pHA BapbUpPyeT B OYCHD
HIMPOKOM Auana3oHe ot 1,5 x 10% 110 2,4 x 10" MxM. BOJIBIIHHCTBO HCCIeTOBaTENeit HCTIOJIB3YIOT
CBEICHHUA O Pa3MEPHBIX BENUYMHAX MH(Y30pUi JUIIL 7S ONMpPEIeTIeHUs OMOMAacChl U MPOTYKIUH,
Mo3TOMYy pPadoT, TNIe pa3MepHas CTPYKTypa LMJIHAT MOCITY>KWiIa Obl OTAEIBHBIM HCCIEIOBAHUEM,
BecbMa Majo [1].

Lens paboThl: BBISIBICHHWE 3aKOHOMEPHOCTEM MEXAy pasMepamMH KIETOK [HiIHaT u
MECTOIIOJIO’KEHUEM BHJIa B TPOPHUUECKOI ceTH.

3agauu:

1. MuBeHTapu3anus BUAOB HH(PY30pUil MAJIBIX pEeK OKPECTHOCTEH T. XabapoBcKa.

2. W3zydeHnne MOPPOMETPUUECKUX XaPAKTEPUCTUK BBISIBJICHHBIX BUJIOB IHJIHATA.

O0beKTHI M METOAbI UCCJIeA0OBAHUS.

OT60p THAPOOHONIOTHYECKOTO MaTepuaia OCYIISCTBIIICS M3 MajblX PEK OKPECTHOCTEH T.
Xabaposcka (pp. Kpacnas, Uepnas u bepesomas) ¢ 2009 mo 2012 rr (puc. 1). Uccnenyembie
BOJIOTOKM TPOTEKAIOT MO YpPOAHU3MPOBAHHON TEPPUTOPUM ¢  UCHBITBIBAIOT  CEPHE3HOE
AQHTPOTIOTCHHOE BO3JICUCTBUE CO CTOPOHBI MPEANPHUSATHI, KOMMYHAJIbHO-OBITOBBIX XO3SIICTB H
HaceneHus. OKpacka siiep ¥ pECHUYHBIX PSAA0B OCYIIECTBISUIACH OOIICTIPUHATHIME METOIaMHU.
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Pe3yabTarthl u 00cy:kaeHue.

B xone nccnenoBanust HaMu ObLUIO 3aPETUCTPUPOBAHO 55 BUIOB MH(Y30pUA, OTHOCSAIITUXCS K
2 noarumnam (Postciliodesmatophora u Intramacronucleata) u gecstu kiaccam, U3 KOTOPBIX CAMBIMH
MHOTOYHCIIeHHBIMH ObLTH - Oligohymenophorea (19 BunoB unu 34,5%) u Spirotrichea (9 BunoB nin
16%), oOpasyiomme TOJOBMHY OT Bceil BbIsABICHHON muianodaynsl. Haubombiiee umcio
npeacraButeneid nHMy3opuii oTHOCUTCS K pomam Vorticella (5 Bunos), Chilodonella (3 Buma) u
Paramecium (3), taxke mo 2 Buma Obuio 3apeructpupoBaHo u3 ponoB Colpidium, Carchesium,
Coleps, Colpoda, Metopus, Tokophrya, Podophrya, Stylonychia, Stentor, Spirostomum.

AHanmu3upysi pe3yJibTaThl HCCICNOBAHKS yCTAaHOBWIIM, YTO pa3Mepbl MPECHOBOIHBIX
nH(Y30pUil MATBIX PEK OKPECTHOCTEHW T. XabapoBCKa BapbUPYIOT B IIMPOKOM Juamna3one ot 30 MKM
no0 1000 mxm. Takum 00pa3oM, MOKHO BBIJEIHTh HECKOJBKO pa3MEpPHBIX KiaccoB muiuatr: < 40
MkM; 40-100 mxm; 100-200 mxm; >200 mxMm (puc. 2).
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Puc. 1. Kapra-cxema mect or6opa ripo6 (1-3 — p. Kpacnas; 4-6 — p. Uepnas; 7-8 - p. bepe3oBas)

-

[TepBrIii pasmMepHBbIi Ki1ace ObLT MpeacTaBieH OeqHee Bcero — 3 Buaa win 5,5% ot olriero
coctaBa IWIMO(ayHbl HCCIEIYEeMBIX BOJOeMOB (Aspidisca costata, Podophrya fallax, Vorticella
microstoma). Knacc cpeqnux pasmepos, oT 40 mo 100 mxM, coctaBnsier Gonee mojoBuHBI (53%)
nH(]yY30puil MaJgbIX peK OKpeCTHOCTEH T. XabapoBcka. BuIbl KPYMHBIX pa3MEpHBIX IHANa30HOB
(100-200 mMxMm 1 6071ee 200 MKM) MPEACTaBICHBI IOCTATOYHO OOTAaTO U B COBOKYITHOCTH COCTABIISIOT
TPETh OT BCEH BBISBIICHHOW IIMIINO(AYHBI.

B nenomMm, pasmepHas cTpykTypa HMH(Y30puil MallbIX peK OKpecTHocTe r. XabapoBcka,
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COOTBETCTBYET TAaKOBOW JJIsi JPYrMX IIPECHOBOJHBIX COOOIIECTB IMJIMAT, MaKCHUMAaJIbHOE
KOJINYECTBO BUJIOB B KOTOPHIX MIPUXOJUTCA HA cpe/iHue pasmepsl [ 1,4].

WuTepecHble nccaenoBaHus B 00JIacTH pa3MEpHBIX KaTeropuit mHdy3opuil mpeacraBun B.
®oiicuep [5]. CornacHo JaHHBIM YYE€HOTO, CPEIHSs AJIMHA MPECHOBOIHBIX LMIMAT cOCTaBsieT 162
MKM, a B MaJIbIX pekax okpecTHocTell r. Xabapocka — 130 mkMm. Bo3MOxkHO, 9TO Ha yMEHbIIIEHUE
pa3MepoB uH(pYy30puil mpuropoga XabapoBcKa BIHMSIET CEPhE3HOE AHTPOINOTEHHOE IaBJICHUE, a
TaKKe psiJl a0MOTUYECKUX (TeMIieparypa) i OMOTHYECKHX (MEXKBHUI0BAsI KOHKYPEHIHsI) (haKTOPOB.

bnaromaps TakoMy IIMPOKOMY CIHEKTPY HWH(MY30pUH, CO3MAIOTCA TMPEANOCHUIKH IS
HauboJIee MOTHOTO OCBOCHUS PecypcoB. [ 1aBHYIO posib B OMOJIOTHYECKOHN MPOIYKIIMHA COOOIIeCcTBa
WUTPAIOT BUABI CO CPEIHMMM pa3MepaMM, TaK KaK MEJIKME LWIMAaTa, HECMOTPS Ha OTHOCUTEIIbHO
BBICOKHE TUIOTHOCTh M TEMIT Pa3MHOXKEHUS, U3-32 HEOOJBIINX Pa3MepOB HE MOTYT JaTh CEPhE3HOTO
npupocTa 6romMacchl, a KpyIHble 0COOM CIMIIKOM MaJIOYUCIIEHHBI U MEJIJIEHHO Pa3MHOXKAIOTCS.

Bce mHaiineHHble BHIBI B CHCTEME IPECHOBOAHOTO BOJOEMa B3aWMOJACHCTBYIOT C
pa3IMYHBIMA  THAPOOMOHTaMH  (OaKkTepuUsMH, BOJOPOCISAMH, OIKTYTUKOHOCIAMH U JIp.
IIPOCTEUIINMU), UTpast 3HAUUTEIbHYIO POJIb B «MUKPOOUAIBHOHN METNIe», PEeryiaupysl YUCICHHOCTb
poTUCTO(hAyHBI B BOJOTOKAaX, TEM CaMbIM, YU4acTBYsI B IIPOLIECCaX CaMOOYMILEHHUS U MOJJepKaHUS
OHMOIOrMYecKoro paBHoBecus [2].

C yBenMuYeHWEM 4YHUCIIa BHJOB B COOOIIECTBE BO3PACTACT HANPSHKCHHOCTH IMHIIEBBIX
KOHKYPEHTHBIX B3aUMOOTHOIIEHUH. [Ipu 3TOM pa3Hble BU/IbI, B 3aBUCUMOCTH OT NPUHA/IIEKHOCTHU K
Tpo(UYecKOr Trpymmne, HaXOAATCS B HEOJUHAKOBOM IOJIOKEHNU. MaccoBble IiiinaTa, o0pasyromme
YCTOHYMBBIN KOMIUIEKC, BOKPYT KOTOPOro (opMupyercss ocTaqbHOE COOOIIECTBO, MMEIOT, Kak
IIPAaBUJIO, JOMUHHPYIOIIEE NOJ0XKEHNE B Bogoeme [3].

% 60
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< 40MKM 40 - 100 mKm 100 - 200 MKMm >200 MmKm
PasmepHble cneKTpbl

Puc 1. Pa3mepHblil crieKTp IUIMAT MAJIBIX PEK OKPECTHOCTEH I. XabapoBcka
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BriBoabl:

1. B xome wccnmenoBanusi ObUTO BBISIBICHO 55 BHIOB IWJIMAT, OTHOCAIIUXCS K JBYM
MOATUIIAM U JIECSATH Kilaccam.

2. B uccienyeMbIX BOJIOTOKaxX JAOMHUHUPYIOT WMH(Y30pHUH CO CPEIHUMU pazMepamu (110
100mxm). Ilo HamemMy MHEHHMIO, JaHHas 3aKOHOMEPHOCTb OOYCJIOBJIEHa OCOOEHHOCTSIMU
TpOo(UYECKUX IIETIel B BOJOTOKAX, a TAKXKE PAIOM (PU3MOJOTHUECKUX XAPAKTEPUCTHK HEKOTOPBIX
BUJIOB (TEMIT pa3MHOKEHUS, TpodrudecKas rpymnia, IIIOTHOCTh PACCEIICHUS B CPEC U JIP.).
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Die wirksamkeit der probiotik die komposition
fiir die prophylaxis der magen-darm-kanal-verstimmungen
des jungviehs

Aktualitiat. Die Erzeugung und die Aufzucht des gesunden Jungviehs ist die wichtigste
Aufgabe der heutigen Viehwirtschaft, weil von seinem Gesundheitszustand die nachfolgenden
Wachstum, Entwicklung und Anpassungsfahigkeit an ungiinstige Umweltfaktoren und die maximale
Realisierbarkeit des Erbpotentials abhéngig sind. Eines der scharfsten Probleme, die heute vor der
Viehwirtschaft unseres Landes und insbesondere vor der Tierheilkunde stehen, sind die Magen-
Darm-Kanalkrankheiten der abgesetzten Kilber und Ferkel. Sie sind in den landwirtschaftlichen
Betrieben weit verbreitet und fiigen einen groBen wirtschaftlichen Schaden zu. Im Laufe von vielen
Jahren verursachen diese Krankheiten mehr als die Hilfte aller Aufzuchtverluste. Uber 85% der
Krankheiten der Verdauungsorgane beim Vieh zdhlt die amtliche Statistik zu den nicht
ansteckenden Krankheiten, die von der bedingt-pathogenen Mikroflora des Magen-Darm-Kanals
verursacht werden.

Die Krankheiten des Magen-Darm-Kanals zeichnen sich durch die Etiopathogenese aus, die
in sich ein breites Spektrum von unterschiedlichen Faktoren einschlieft, darunter auch die
Ansteckung, die Erblichkeit, die Physiologie und die Hygiene. In der Regel enstehen sie auf Grund
der herabgesetzten Resistenz des Organismus und der Immunitidtsmangelerscheinungen, die durch
die nicht vollwertige Fiitterung der trichtigen Kiihe, durch das nicht rechtzeitige Auftrinken der
Kédlber mit der Biestmilch sowie durch die Stresse bei den Absetzferkeln bedingt sind. Die
Verlagerung in der quantitativen und qualitativen Zusammensetzung der bedingt-pathogenen und
der iiblichen Darmmikroflora, die als die Disbakteriose bezeichnet wird, ist einer der Grundfaktoren
der Entwicklung des Durchfallsyndroms.
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Die Vorbeugung der Magen-Darm-Krankheiten hat die soziale Wertigkeit, weil parallel mit
der Zunahme des Verbrauchs der Rinder- und Schweinehaltungserzeugnisse erhoht sich auch das
Risiko der Kontamination mit Salmonellen, Escherihia, Yersinia und anderen Mikroorganismen —
den Erregern der Verdauungstoxikoinfektionen bei den Menschen.

Die Verwendung der traditionellen Schemas der Behandlung der oben genannten
Krankheiten mit den antibakteriellen Préparaten, Nitrofuranen, Sulfonamiden und anderen
chemotherapeutischen Mitteln kann nicht immer positive Resultate zeitigen. Zudem ist der
Hauptnachteil dieser Mittel das Fehlen der stichprobenartigen Wirkung (d.h. sie bremsen den
Wachstum, sie zerstoren alle Darmmikroorganismen, darunter auch die Vertreter der Ureinwohner
(der Autochthone). AuBerdem hemmen sie das immune System. Die zustande gekommene
Situation braucht viele methodologische Betrachtungsweisen zur Krankheitenprophylaxis sowie -
Behandlung, die von der bedingt-pathogenen Mikroflora verursacht werden umzudenken und die
Notwendigkeit der Anwendung von modernen, 6kologisch unschédlichen Préparate zuzugeben.

Nach ihren Eigenschaften sind die Probiotika als die Alternative zu Antibiotika zu
betrachten. Die letzten wirken dank dem Antagonismus zu vielen pathogenen und bedingt-
pathogenen Bakterien, dank ihrer Féhigkeit fiir die Sites der «Adhision» auf der Darmschleimhaut
zu konkurrieren, positiv auf die Tiere aus. Sie stimulieren auch die immunzustindigen Darmzellen,
erhohen die Wiederstandsfahigkeit des Organismus und verbessern den Stoffwechsel. Thre
Anwendung fiir die Diarrhoeprophylaxis erwies sich am resultativsten, das zeigte sich durch die
Abnahme der Merbiditdt und durch die Kélber- und Ferkelverlustesenkung, durch die Verminderung
der toxischen Krankheitsformen und die Verkiirzung der Krankheitsverlaufsdauer.

Dennoch war ihre Wirksamkeit bei der Anwendung der bakteriellen Préparate fiir die
Durchfilleprophylaxis nicht immer erreichbar. Die Immunomingel, die mit dem geringen
Gammaglobulingehalt in der Biestmilch der Mutterkiihe, mit dem ungeniigenden Auftrdnken der
Kélber mit der Biestmilch oder mit unvollstindigem Dringen der Gammaglobuline durch die
Darmwinde der neugeborenen Tiere verbunden sind, senken die Wirksamkeit der Probiotika bei den
Durchfillen oder bringen sie durchaus auf den Nullpunkt.

Im Zusammenhang damit ist die Ausarbeitung der Methoden zur Vorbeugung der Magen-
Darm- Krankheiten des Jungviehs, die darin besteht, die Substitutionsmittel zu behandeln, deren
Ziel die Reduktion der Darmbiozonose durch die regelméfige Einfiihrung der lebendigen Bakterien
— Vertreter der normalen Darmmikroflora der Tiere (Probiotika und Sinbiotika) ist als aussichtsreich
zu betrachten. Die Anwendung der phytoprobiotischen Zusammensetzungen auf der Basis der
Laktobakterien und der heilpflanzlichen Rohstoffe fiir die Prophylaxis der Magen-Darm-
Krankheiten der Kélber und der Ferkel entspricht den oben genannten Anforderungen [1, 2].

Forschungsbelege und methoden. Zur Erzielung der gestellten Aufgabe wurden von uns
betriebswissenschaftliche Versuche am Staatlichen einheitlichen Agrarbetrieb Sowchosenwerk
«Dmitrijewski» im Ufaer Rayon der Republik Baschkortostan auf neugeborenen Kélbern der
schwarzbunten Rasse und Absetzferkeln der groBen weiler Rasse durchgefiihrt. Es wurden nach
dem Analogaprinzip 6 Gruppen (eine Kontroll- und 5 Versuchsgruppen). Die Kélber und die
Absetzferkel der ersten Kontrollgruppe wurden mit der Anwendung der {blichen
Fiitterungsverfahren gehalten. Die zweite Versuchsgruppe erhielt mit dem Futter die Lebendmasse
der Laktobakterien Lactobacterium plantarum 8P-A3 (fliissiges Probiotikum) ab der Geburt tiglich
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im Laufe von 10 Tagen in zwei Stufen mit dem Zeitabstand 10 Tage; die Kélber und die
Absetzferkel in der dritten, vierten, fiinften und sechsten Versuchsgruppen erhielten demgemal die
Zusammensetzungen der Phytoprobiotika mit der blauen Luzerne, mit dem Schellkraut, mit dem
Essigdorn und mit blauer Luzerne + Essigdorn nach der oben genannten Schema [3].

Vor dem Beginn der Versuche und am 10ten, 20sten und 30sten Tage ab dem
Forschungsanfang wurden die Blutproben fiir die hadmatologische, biochemische und
immunologische Untersuchungen, sowie Fékalien fiir die mikrobiologischen Untersuchungen
genommen sowie das Wiegen der Tiere und klinische Uberwachung ihres Gesundheitszustandes
unternommen.

Die Erythrozyten-, Himaglobin-, Leukozyten-, Thrombozyten- und Hématokritenzahl wurde
mit Hilfe des hdmatologischen Analysators «Hédmoscreen-13» und die leukozytare Formel mit Hilfe
des Leuchtmikroskops auf den gefdarbten Prédparaten festgestellt. Die gesamte Bluteiweilmenge
wurde refraktometrisch, das Serumeiweillfraktiongehalt mit der Elektrophorese festgestellt. Fiir die
Untersuchung der phagocytaren Aktivitidt der Neutrophile wurden die Latexteilchen benutzt. Die
quantitativen Untersuchungen der A-, M- und G-Immunoglobuline wurden durch das radiale
Immunodiffusionverfahren im Gel durchgefiihrt. Das T-, B-Lymphozyten- und NK-killergehalt im
Blut wurde nach dem Pirs-verfahren. Die bakteriologische Untersuchung der Fikalien wurde
entsprechend den «Methodologischen Anweisungen zur Disbakteriosediagnostik» durchgefiihrt. Die
prophylaktische Wirksamkeit der Phytoprobiotika wurde nach der Erkrankungshéiufigkeit bei den
Kéilbern und Ferkeln, nach der Krankheitsverlaufsdauer und nach dem Krankheitsverlaufscharakter
(leicht, schwer), nach dem Erhaltungsgrad des Jungviehs, nach der Tageszunahme, nach der
Korpermasse im Vergleich zu den Ergebnissen in der Kontrollgruppe bewertet.

Die statistischen Angaben wurden anhand der variationsstatistischen Methoden mit der
Ausnutzung des Pakets der Statistischen Analyse fiir Microsoft Excel bearbeitet. Der Grad der
durchschnittlichen Abweichungen wurde anhand des Students-t-Kriteriums bewertet, die
Abweichungen wurden anhand der statistischen Daten bei p<0,05 festgestellt.

Die Ergebbnisse eigener Untersuchungen. Die Analyse der Griinde, die die Magen-Darm-
Krankheiten bei den Kélbern ab der Geburt bis zum 1Monatsalter und bei den Ferkeln beim frithen
(30 Tage) Absetzen verursachen, hat die Gesamtheit der nichtansteckenden Faktoren herauszufinden
ermoglicht, die sich auf Grund der unzureichenden immunobiologischen Reaktivitit des
unausgereiften Organismus des Jungviehs zeigt. Die Erkrankungen entstanden bei der Verletzung
der veterindrhygienischen und technologischen Bedingungen der Kélber- und Ferkelerzeugung und -
Aufzucht. Die epizootologischen Untersuchungen haben keine Ansteckungsprozesse aufgedeckt und
die von den kranken Tieren ausgeschiedene Mikroflora erwies sich in der Regel als bedingt-
pathogen. Bei den Kélbern wurden Dyspepsie und bakterielle Enterokolitis, bei den Absetzferkeln
die Gasroenteritis registriert.

Die Beobachtung der Tiere hat gezeigt, dass bei der vorbeugenden Behandlung der
Phytoprobiotika bei den Kélbern ab der Geburt bis zum 1Monatsalter und bei den Ferkeln beim
frithen (30 Tage) Absetzen entsprechend der von uns empfohlenen Schema, verlief der Durchfall
hauptsdchlich in der leichten Form (es gab keinen iiberfliissigen Schleim, keine Blutspuren), die
Kaélber und die Ferkel hatten gute Fre3lust gehabt.

Die Anwendung der phytoprobiotischen Zusammensetzungen hat den
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immunokorrigierenden Effekt hinsichtlich der Werte der natiirlichen Resistenz und der
immunologischen Reaktivitit gezeigt. Die bakterizide, lysozyme, und phagocytare Aktivitit des
Blutserums, die T- und B-Lymphozyten- und die A-, M- und G-Immunoglobulinenzahl haben die
Tendenz zur Reduktion bis zur physiologischen Grenznorm zum 30sten Tage ab dem
Forschungsanfang. Es wurde auch der Wiederautbau der Enterobiozonose der Kélber und der
Absetzferkel in der Richtung des Dominierens der Lakto- und Bifidoflora und der Senkung der
bedingt-pathogenen Mikroorganismen (Proteus, Klostridie, Pyozyaneusbakterie, Enterokokke,
hamolitische Kolibakterium) festgestellt .

Die erforschte Vorbeugungsmethode mit der Behandlung der Phytoprobiotika wirkt
wachstumsfordernd aus und erhoht wesentlich die Wiederstandsfiahigkeit des Organismus der
neugeborenen Kélber und der Absetzferkel gegen die Magen-Darm-Krankheiten. Die volle
Rekonvaleszenz bei der Behandlung der oben genannten Zusammensetzungen kommt
durchschnittlich am 5,4+0,2 — 3,5+0,2 (bei den Kilbern) am 2,2+0,1 — 2,6+0,2 Tage (bei den
Absetzferkeln) vor. Der Vorbeugewirkungsgrad machte 62,5-75 % und der Erhaltungsgrad — 87,5 -
100% aus. Der Tageszunahme machte bei den Kilbern 587,5+13,2 - 633+12,1 g und bei den
Absetzferkeln 247,0+4,0 — 311,0£6,0 g aus, also um 28-38 % und 27-60 % hoher als bei ihren
Altersgenossen, den die oben genannten Priparate nicht verfiittert worden waren. Die
Wirtschaftlichkeit betrug dabei 6,2 bis 9,1 Rubel pro 1 Rubel der Kosten.

Folgerungen. Also, die phytoprobiotische Zusammensetzungen auf Grund der
Laktobakterien und heilpflanzlichen Rohstoffe verfligen iiber die Vorbeugungswirksamkeit der
Magen-Darm-Krankheiten des Jungviehs und tragen der Verlustesenkung und der
Produktivititssteigerung des Viehs bei.
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Cell-Based Therapies in Musculoskeletal Injuries: The Evolving
Role of Bone Marrow-Derived Mesenchymal Stem Cells

1. INTRODUCTION

Tissue engineering is an exciting strategy being explored to deal with
damaged or lost tissue. Tissue engineering can include the use of cells, scaffolds
and growth factors in any combination (Mahapatra and Khan 2011; Nannaparaju
et al.,, 2011). Stem cells are a self-renewing, slow-cycling cell population that
exhibit high clonogenity, low cellular proliferation and the ability to undergo
multilineage differentiation. Stem cells can be derived from a number of sources
and are able to undergo chondrogenic, osteogenic and adipogenic differentiation
(Pittenger et al., 1999). These cells are identified by a number of cell surface
markers that they express on their cell surface including CD105 as shown in Figure
1. These cells are often used with scaffolds that provide a three-dimensional
structural template. Scaffolds are natural (e.g. collagen and alginate) or synthetic
(e.g. polyglycolic acid and polyacrylonitrile polyvinyl chloride) materials used for
cell attachment and proliferation. The ideal scaffold is biocompatible and meets the
biological needs of growing tissue.

Figure 1: Cell surface epitope characterisation of mesenchymal stem cells using cell
surface staining with a primary antibody that recognises CD105 and a fluorescent
secondary antibody that shows up green. The nuclei are counterstained with a blue
dye. The figure shows strong staining for CD105, a mesenchymal stem cell marker.
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Bone marrow derived stem cells have been widely studied and there is a
wealth of information in literature concerning those (Mafi et al., 2011). Adult
mammalian bone marrow contains two discrete stem cell populations, haematopoietic
stem cells and MSCs (Pittinger et al., 1999; Short et al., 2003). Protocols for the
culture (Freidenstein et al., 1970) and, chondrogenic, osteogenic and adipogenic
differentiation of bne marrow-derived mesenchymal stem cells (BM-MSCs) have been
described (Johnstone et al, 1998; Pittenger et al, 1999; Sekiya et al, 2002;
Thanabalasundaram et al., in press). BM-MSCs have been associated with the repair
and regeneration of musculoskeletal injuries.

Musculoskeletal injury can involve muscle, tendon, ligament, bone, meniscus
and cartilage. The high incidence of such injuries highlights the need for novel, more
effective treatments. Currently a lot of research is being carried out into this area.
The use of BM-MSCs is one such option (Tucker et al., in press) and the aim of this
review is to critique and clarify their findings.

2. METHODOLOGY

A thorough literature review was conducted and articles relating to the use of
BM-MSCs for the treatment of musculoskeletal injuries were identified. The searched
primarily focused on the use of the cells to treat common conditions affecting
muscles, tendons, ligaments, bones, meniscii, cartilage and their role in osteoarthiritis.

3. RESULTS AND DISCUSSION
3.1 Muscle

Increased musculoskeletal activities can exert abnormal biomechanical
environments onto muscle which can lead to injuries such as muscular strain and
tears which can sufficiently hinder the patient's mobility. The incidence of such
injuries in the professional sporting setting is considerable and troublesome for
both sporting professionals and their teams (Elliott et al., 2011).

Following muscular injury, repair and regeneration is triggered by local
multipotent stem cells. BM-MSCs act as a reserve for muscle precursors and aid in
its repair by migrating physiologically into the regenerating muscle. Ferrari et al.
(1998) however showed that when BM-MSCs were administered systemically in
immunodeficient mice, they had minimal impact on muscular regeneration. However,
in cases of extended damage, they maintained the population of more differentiated,
muscle-forming precursors (Ferrari et al., 1998).

3.2 Tendon

Tendons act to both transmit muscular forces but also as a store of elastic
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energy (Fukashiro et al., 1995; Oragui et al.,, 2011). Thus repetitive cyclical loading,
such as that exhibited in the Achilles tendon may result in overuse injury (Kvist
1994), and consequently tendon rupture.

The role of BM-MSCs cells in the treatment of tendinitis has been a subject of
investigation (Khan and Longo, 2011). Two recent studies evaluated the efficacy of
intralesional BM-MSCs injections into equine flexor tendons (Godwin et al., 2011;
Schnabel et al., 2009). Both studies reported excellent clinical, radiological and
histological improvement in tendons treated with this method and so, provide an
incentive for further evaluation in both animal and human models.

One study (Chong et al., 2007) looking at rabbit Achilles tendon using a fibrin
gel into which BM-MSCs were seeded, demonstrated an increased modulus of
elasticity by 32% and an increased proportion of collagen type | compared to the
fibrin gel alone group at 3 weeks. However, after 6 and 12 weeks no difference was
observed between groups. In a second study looking at rabbit Achilles tendon injuries,
Ouyang et al. (2003) used 3 groups: group 1 received BM-MSCs seeded onto a
poly-lactide-co-glycolide (PLGA) scaffold; group 2, a PLGA scaffold alone and
group 3 received no laceration to act as a control. Group 1 exhibited greater
tissue formation and remodelling compared to group 2. Both groups 1 and 2 had
similar histological appearance to native tendon by 12 weeks. The tensile stiffness and
modulus in group 1 was 87% and 62.6% respectively of a normal tendon whereas in
group 2 they were 56.4% and 52.9% respectively suggestive of a potential benefit for
these types of injuries.

In another study, incised rabbit patella tendons where treated with a collagen
gel-BM-MSC composite (treatment group) or simply a collagen gel (control group)
(Awad et al., 1999). Histologically, only 40% of the treatment group expressed
more physiological, well integrated collagen types, whilst the remainders showed
comparable collagen integration types to the control group. However, there was a
demonstrable biomechanical advantage in the treatment group; tendon stiffness,
modulus of elasticity, maximum stress and strain energy increased by 15%, 7%,
16% and 32% respectively as compared to the control group. This may suggest an
advantageous biomechanical effect which is not apparent histologically and may
simply be due to an increased cross sectional area provided by the cells.

Damage at the tendon bone interface in rabbits was also explored (Ouyang
et al., 2004) using fibrin glue with and without BM-MSCs. Both groups showed
evidence of perpendicular collagen type fibre formation. However, the control group
had type | and lll fibres only while the treatment group had a higher proportion of

fibres and consisted of collagen type I, Il and Ill. This demonstrates the ability of BM-
MSCs to promote fibrocartilage-like tissue formation and thus aids in the healing
process.

The results from these studies show improved biomechanical properties and
healing rates of tendons when BM-MSCs are inserted.
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3.3 Ligament

Ligaments stabilize joints and control their movements. During sporting
activities, they are subjected to higher stress and strain rates as the joints are
subjected to more forceful and exaggerated movements. Additionally, they help
coordinate the complex movements required during sporting activities via a
proprioceptive input into the nervous system (Frank, 2004).

The cruciate ligaments are probably the most famous and one of the
commonest ligaments that can be damaged. Anterior cruciate ligament (ACL) tears
can be caused by torsional forces created at the knee whilst the foot is firmly planted
on the ground or upon landing or by direct blows to the outside of the knee.
Damage to ligaments can also disrupt the physiological loads and movements of
joints which may predispose to osteoarthritis (OA) (Muthuri et al., 2011).

Effective treatment is essential for the successful recovery from these injuries
(Laboute et al., 2010). In cases of severe tears or complete rupture, surgery is a viable
option, where the debate on how to repair still rages. This may involve either primary
repair by suturing the ligament (Gobbi et al., 2009) or reconstruction using extra- or
intra-articular tendon grafts therefore causing donor site morbidity (Streich et al.,
2010). BM-MSCs potentially enhance the efficacy of some of the current treatments
(Lim et al., 2004) or may act as a treatment in their own right (Al-Rashid and Khan,
2011). Kanaya et al. (2007) injected BM-MSCs into partial torn rat anterior cruciate
ligaments and found that this appeared to accelerate their healing and concluded
that they may be a viable treatment option. The ultimate failure load of the femur-
ACL-tibia complex of the BM-MSC treated group was significantly higher than the
control group. The transected area of the ACLs in the BM-MSC group demonstrated
no retraction and a better histological grading score. The BM-MSCs survived the
intra-articular environment and enhanced the healing of partial tears resulting in more
biomechanically and histologically viable results.

This potential benefit is supported by other studies (Oe et al., 2011; Wei et al.,
2011). In fact, Wei et al concluded that not only do BM-MSCs promote ligamentous
healing, but expression of TGFB1 and VEGF(165) within these cells significantly
promoted angiogenesis of the reconstructed ligament at 3, 6, 12 weeks, with the
best mechanical properties being achieved at 24 weeks.

Bilateral ACL reconstructions using hamstring tendon autografts were carried
out on rabbits to investigate whether the use of BM-MSCs would reduce the
incidence of early tendon autograft pull out following ligament reconstruction (Lim et
al.,, 2004). The treatment limb autograft was coated with autologous BM-MSCs within
a fibrin glue carrier. The control limb autograft received only fibrin glue. At 8 weeks
post surgery the control had a distinct fibrous interface with the bone, containing
collagen type | and lll with occasional fibres resembling Sharpey’s fibres bridging the
gap. Conversely the treatment group had matured zones of cartilage rich in collagen
type Il resembling normal entheses. The overall mean failure load and stiffness where
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66% and 51% respectively, which was statistically significantly higher in the BM-MSC
group. Despite this benefit, 44% of BM-MSC limbs failed by pullout highlighting that
although the resulting biomechanical properties are apparent, more work is needed
to evaluate this benefit.

BM-MSCs appear to be the optimum cell sources for ligament repair and
produce better results biomechanically, histologically and physiologically.

3.4 Bone

The management of bone defects is challenging. Although bone defects
commonly occur after musculoskeletal injury, they can also be caused by surgery or
disease (Khan et al., 2009). Non-union is a significant problem affecting up to 10%
of fractures (Axelrad et al., 2007). Any approach to deal with bone defects need to
address three fundamental features for bone repair:  osteoconduction,
osteoinduction and osteogenesis. The current ‘gold standard’ autologous
cancellous bone grafting is limited by tissue availability and donor site morbidity.
Allogenic bone grafting has the potential for disease transmission. The use of
growth factors including BMPs has shown promising results (Friedlaender et al.,
2001) but their role is limited in the absence of an osteoconductive and osteogenic
component.

A possible alternative is to use BM-MSCs (Gidado et al.,, 2009). Some
clinical sites are deficient in MSCs and may benefit from BM-MSCs to reactivate
fracture healing. The therapeutic options include the use of bone marrow, the use
of selected but unexpanded BM-MSCs, or the use of expanded BM-MSCs
(Chimutengwende-Gordon et al., in press).

Petite et al. (2000) investigated the results of using a coral scaffold with and
without BM-MSCs, and with fresh bone marrow (FBM) in sheep. The BM-MSC
seeded scaffold allowed bone deposition at the same rate as scaffold degradation. It
was the only composite that resembled physiological bone and allowed bony union to
occur after 16 weeks. Although the coral scaffold was osteoconductive resulting in
bone deposition in the medullary centre, scaffold degradation outweighed bone
deposition in coral and FBM scaffolds.

A different study evaluating the effect of BM-MSCs in healing rates of femoral
fractures in rats, a porous hydroxyapatite-tricalcium phosphate ceramic cylinder was
used. In one leg the rat received the cylinder alone and in the contralateral leg
received the cylinder embedded with BM-MSCs. By 12 weeks union was complete in
the BM-MSC group with bony ingrowth into the pores of the scaffold displaying
increased strength (215%), stiffness (245%) and torsional energy absorbed (212%)
compared to the scaffold side (Bruder et al., 1998b).

In a similarly designed study by Bruder et al. (1998a), a ceramic cylinder
composed of hydroxyapatite and B-tricalcium phosphate was used to investigate
fracture healing in a canine model. The dogs received a cylinder with or without BM-
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MSCs. In the dogs with cell-free cylinders union occurred between the implant and the
bone cortex in ten of twelve dogs by 16 weeks however no callus was visible and
most of the pores were filled with fibrous tissue. In the BM-MSC group, bone was
distributed evenly throughout the implant and integrated well with the host bone.
By 8 weeks solid union had occurred in all 12 bone implant interfaces with a
continuous bridge of mineralized bone surrounding the defect. An osseous callus
formed around the implant and the adjacent host bone in 84% of specimens. The
implant pores were filled with woven or lamellar bone in direct contact with the
ceramic (Bruder et al., 1998a). This finding is supported by another study using
mice models and fracture of the tibia (Granero-Molto et al., 2009).

The preferred treatment for large bone defects is currently autologous bone
grafts. However, the supply of suitable bone is limited and its collection is painful,
with a risk of infection, nerve damage, and a loss of function (Calori GM et al 2011).
Hence BM-MSC embedded scaffolds offer a safer, less destructive alternative with
good results (Khaled et al., 2011).

3.5 Meniscus

The meniscus is a vital part of the joint. It acts to prevent the deterioration and
degeneration of articular cartilage and the onset and development of osteoarthritis.
For this reason, research into meniscus repair has been the recipient of
particular interest from the orthopedic and bioengineering communities. They also
function to absorb shock during dynamic loading and have a major role in the
tribological properties of the knee joint (Makris et al., 2011).

Meniscal tears often occur in conjunction with ACL injuries (Noyes et al.,
1980). Although lesions in the peripheral vascular region of the meniscus heal well
but lesions in the central avascular area fail to do so (Klompmaker et al., 1996). The
results with allograft are variable. Isolating meniscal cells from the resected region is
another option that has been explored but the quantity and quality of these cells
limits applications (Ha et al., 2011). Prosthetic replacement has received promising
results from early animal studies but further studies are needed.

Another approach currently being investigated is the use of BM-MSCs
seeded scaffolds. Fibrin glue scaffolds were inserted into meniscal lesions in rats with
and without BM-MSCs.

At 12 weeks, the cell-free scaffold group had many small round cells within
the fibrin glue that were synthesising ECM in 25% of the specimens. The BM-MSC
group at that stage contained an abundance of round cells within the scaffold
which were surrounded completely by ECM in 75% specimens. In addition,
cartilage-like tissue could also be seen (lzuta et al., 2001).

Walsh et al. (1999) investigated the effect of cell-seeded collagen type |
scaffolds in rabbits. The rabbits underwent bilateral partial menisectomy and
then either no treatment, autogenous periosteal graft, type | collagen sponge or a
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type | collagen sponge with BM-MSCs. Time-dependant osteoarthritic changes
developed in all groups. These changes were greater in the autogenous periosteal
graft group and fewer in the collagen scaffold group, especially when used with BM-
MSCs. The addition of BM-MSCs to the scaffold enhanced fibrocartilage regeneration
with evidence of mature bundles of collagen and proteoglycan.

In another study, rabbits with meniscal resection of the pars intermedia
received either a hyaluronon/gelatine scaffold with or without BM-MSCs, or received
no treatment. The BM-MSC knees had high cellularity of chondrocyte-like
morphology and extensive ECM resembling that of normal meniscus. There was
nearly complete filling of the defects with good integration of the scaffold. The
amount of fibrocartilage seen was significantly greater than in the cell-free scaffold.
The cell-free scaffold group had a partially filled defect with good repair tissue
integration but t extracellular matrix produced did not contain any type Il collagen.
The defect in the control was, in the majority, unfilled (Angele et al., 2008).

The effect of BM-MSCs when applied within a blood clot by sutures to a
defected middle third of meniscus was investigated using a goat model. The goats
were divided into four groups; Group 1 received only sutures, group 2 sutures and a
blood clot, group 3 sutures, a blood clot and BM-MSCs and group 4 received nothing.
Group 1 had 4 healed and 4 partially healed knees (3 at 75% and 1 at 50%) with no
failed repairs. In group 2, 5 defects were healed and 2 partially healed (by 50%) and
1 failed repair. The repaired sections were more organised with less cellularity
compared to group 1. Group 3 had 3 healed, 1 partially healed (25%) and 4 failed
repairs. The repair site had reduced cellularity, increased matrix and increased
orientation of the matrix. Finally, Group 4 had 7 knees with no healing and 1
partial healing (25%). This study therefore proved that BM-MSCs were
detrimental to meniscal healing (Port et al., 1996).

Most of these studies show the positive effects of BM-MSCs on mensical
healing. These cells have an ability to withstand the avascular meniscal conditions and
appear well-suited to defects within this area. In vitro studies have demonstrated
that the matrix forming phenotype of human meniscus cells can be enhanced by
expansion in growth factors and altering the oxygen tension (Adesida et al., 2006;
Adesida et al., 2007) and further work on these aspects is ongoing.

3.6 Cartilage

Articular cartilage is intregral to the tribological properties of joints. Cartilage
lesions are common in sporting activities, with some studies showing up to 49% of
injuries associated with athletic activity (Aroen et al., 2004). Their high load
bearing and shock absorbing capacity help to withstand the mechanical force exerted
across joints during sporting activity (Williams et al., 2007). Once damaged cartilage,
is vulnerable due to its poor ability to heal, even small defects may degenerate over
time, ultimately causing osteoarthritis (Redman et al., 2005).
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Articular cartilage is particularly suitable for tissue engineering applications as it
is avascular, aneural and alymphatic (Khan and Hardingham, 2009). Articular
cartilage shows a limited capacity for repair following injury. Cartilage injuries that
extend to the subchondral bone show some signs of repair due to the release of BM-
MSCs from the subchondral bone, and this principle is employed in microfractures
(Punwar and Khan, 2011). Current treatments such as arthroscopic management,
autologous osteochondral transfer and autologous chondrocyte implantation (ACI)
have all shown positive results. However a systematic review comparing autologous
chondrocyte implantation, osteochondral autograft transfer, matrix-induced
autologous chondrocyte implantation and microfracture failed to identify a single
technique consistently showing superior results compared with the others. It did
however find that outcomes for microfracture tended to be worse in larger lesions
(Magnussen et al., 2008).

Im et al. investigated the ability of BM-MSCs to treat cartilage defects (Im et al.,
2001). They suspended BM-MSCs in Ham F-12 medium before injecting into full
thickness cartilage defects in the patellar groove of rabbits. The control group
received cell free medium. At 14 weeks the BM-MSC group contained reparative
tissue resembling articular cartilage with a fully repaired subchondral bone layer.
However, the reparative tissue of the control defects was thin, irregular and
undifferentiated with less matrix collagen type Il. Histological grading scores indicated
the treatment group performed significantly better than the control (14.8 vs 8.9). Thus,
the findings suggest the use of BM-MSCs in this way enhances cartilage repair but
does not guarantee cartilaginous healing.

Wakitani et al. (1994) used BM-MSCs or periosteum derived mesenchymal
stem cells (PD-MSCs) from rabbits and seeded them into a type 1 collagen gel. They
were then implanted into large (3x6mm), full thickness osteochondral defects
located in the weight bearing surface of the medial femoral condyle. The
contralateral knee served as a control with its defect either left empty or filled with
collagen free gel. The BM-MSC group produced reparative tissue more similar to
hyaline cartilage with better integration by week 4. However by week 24, the quality of
this tissue progressively declined as the thickness of the articular cartilage portion
reduced below that of normal cartilage. The control group showed markedly inferior
repair throughout the assessment. PD-MSCs yielded results very similar to BM-
MSCs but in addition exhibited a progressive increase in surface irregularity.

Hybrid designs for scaffolds have also been used. Shao et al. (2006) seeded
BM-MSCs into a Polycaprolactone (PCL) scaffold for the cartilage portion and a
tricalcium phosphate-reinforced PCL scaffold for the bone portion. With fibrin glue,
the seeded scaffolds were implanted into large osteochondral defects in the load
bearing medial femoral condyle of rabbits. Controls received a cell free scaffold. After
6 months, repair tissue from the BM-MSC group was well integrated with host bone in
all specimens. Most samples were hyaline like in nature with identifiable collagen
type Il and glycosaminoglycan, and an almost normal physiological stiffness.
Defects in the control group were incompletely filled with fibrous repair tissue with
little resemblance to cartilage or bone. However, some repair tissues in the BM-MSC
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group also experienced fissures and cracks at the integration site and
microscopically demonstrated a lack of typical zonal arrangement (Shao et al., 2006).

Similar to Shao et al. (2006), Uematsu et al. used poly-lactic-glycolic acid
(PLGA) scaffolds seeded with BM-MSCs (Uematsu et al., 2005) to treat full thickness
osteochondral defects in the femoropatellar groove of rabbit knees. Control defects
were treated with cell free PLGA scaffolds or left empty. The findings of this study
supported the findings by Shao et al. but they were able to show signs of zonal
organization within the newly formed cartilage were similar to the previous scaffold
studies. Although in support of Wakitani et al. (1994), it did not, however, report the
trend in thinning of the reparative cartilage at 12 weeks. Unlike Shao et al there
were signs of zonal organisation of the newly formed cartilage. Additionally, the PLGA
scaffold was able to prevent leakage of the injected cells away from the defect, as
reported by Im et al. (2001).

It is clear that BM-MSCs do have a role to play in the treatment of
osteochondral defects, however it is an area of research that must be investigated
further. The use of scaffolds, growth factors and altered culture conditions for in
vitro expansion are synergistic factors that also require further evaluation (Khan et al.,
2007; Khan et al., 2008).

3.7 Spinal Cord and Nerve Tissue

Spinal cord injuries have a significant socioeconomic impact on patients and on
society as a whole. Even though endogenous stem cells are present in the spinal
cord, recovery from spinal cord injuries is unpredictable. Sanchez-Ramos et al.
(2000) have shown that BM-MSCs can successfully differentiate down the neuronal
lineage in vitro. In a spinal cord injury animal model, Akiyama et al. (2002) have
shown that BM-MSC implantation results in the formation of neural and myelin-
producing cells, axonal regeneration and functional recovery. There have only been
limited studies in humans. Park et al. (2005) showed that intra-lesional injections of
bone marrow mononuclear cell fraction in five patients with acute spinal cord injury
resulted in improvement in sensory and motor functions. Sykov'a et al. (2006) found
similar results in 20 patients who were given intravenous injections in the acute post-
injury period.

Nerve tissue is currently routinely replaced using autografts that results
in variable regeneration and is associated with donor site morbidity. Current
tissue engineering strategies are exploring nerve guidance conduits, and culture-
expanded Schwann cells with polylactic acid and polylactic-co-glycolic acid scaffolds
for regeneration through the conduit (Hadlock et al., 1998; Hadlock et al., 1999).
There are currently no randomised controlled trials and better quality studies are
needed before any definitive conclusions can be drawn on the role of stem cells in
spinal cord and nerve tissue repair (Khan et al., 2009).
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4. CONCLUSION

Unlike other sources of stem cells, bone marrow is easy to obtain requiring
minimal donor site morbidity, invasiveness and anaesthetic and these properties
make BM-MSCs an appropriate choice for musculoskeletal injuries (Kennard et al.,
2011; Malik and Khan, 2011). For example, to obtain ACL fibroblasts an arthroscopy is
required in an already injured knee, whereas BM-MSCs can be aspirated from the
iliac crest. BM-MSCs can be isolated with relative ease due to their superior ability to
bind to tissue culture plastic relative to other bone marrow cells (Petite et al., 2000).
Once isolated, BM-MSCs can be easily proliferated in vitro without losing their
capacity for differentiation. Due to their multi-lineage potential, repair of complex
injuries is possible. For example, when injected into a knee joint with injuries to the
ACL, medial meniscus and cartilage of the femoral condyles, BM-MSCs mobilize to
affected areas and contribute to regeneration (Agung et al., 2006).

Bone marrow derived cells appear to have several advantages over other
mesenchymal cells (Khan et al., 2010). They undergo a higher degree of mineralisation
when differentiating down an osteogenic lineage compared with aminiotic fluid (AF-
MSC) and equine umbilical cord MSCs (EUC-MSC) (Lovati et al., 2011). In addition,
their autologous nature eliminates the issue of immunoreactions and ethical problems.

Any successful future therapy is likely to involve the use of scaffolds has been
shown to be efficacious. They provide architectural support and prevent leakage of
cells from the defect.

The limitation of the evidence to date is that most of the studies involve small
numbers of animal models with inflicted injuries; this does mean that they findings may
not be translated to trauma patients or human subjects. Further work in larger animal
and ultimately ethically approved clinical trials should be explored before any clinical
relevance can be assessed.

Key Points:

(i) Damage to musculoskeletal tissues can be treated with BM-MSCs.

(i) BM-MSCs can be administered directly into the tissue defects via
injection however there is a growing body of evidence to support the use of
scaffolds. When scaffolds are used, there is still inconclusive evidence to support
one medium over another.

(iii) As a cell source for tissue engineering, BM-MSCs are autologous in
nature and hence eliminate the issue of immunoreactions and ethical problems. They
can be harvested aspiration and have a high in vitro proliferation rate whilst
maintaining their differentiating capacity.

(iv) The vast majority of these studies are at the small animal stage and
therefore further work using larger animal models, and ideally humans is required.
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Oesophageal Carcinoma: An Atypical Presentation —
A Case Report

1. INTRODUCTION

Oesophageal carcinoma typically presents with dysphagia and weight loss [1],

but naturally there are atypical cases also. Oesophageal carcinoma is the oth
commonest cancer worldwide with an annual incidence of 7300 cases in the United
Kingdom [2] with smoking and alcohol each increasing the risk of developing the
cancer fivefold. In terms of presentation the elasticity of the oesophagus means
that around two-thirds of the lumen needs to be obstructed to produce dysphagia.
Untreated, the tumour tends to be locally invasive and can eventually metastasise
to the liver, lungs, bone and nervous system causing breathlessness in rare cases
as a manifestation of a malignant pleural effusion. Treatment options include surgery
and radiotherapy but the overall 5-year survival rates are approximately 20-25% for all
stages [3].

Published epidemiological data regarding the presentation of oesophageal
carcinoma is very scarce with no concrete figures for those that may present with
respiratory signs. The authors here present a case of oesophageal carcinoma that
presented with acute respiratory distress.

2. CASE

A 62-year-old Caucasian male presented to the Emergency Department after
an episode of sudden collapse earlier that day. Presenting signs included extreme
dyspnoea and wheeze of sudden onset with no apparent trigger. On further enquiry
he had no respiratory history and his only risk factor was the fact he was a chronic
smoker. A recent weight loss of 6 kg over the previous 8 weeks was also noted.
He was apyrexial but tachycardic with a respiratory rate of 24. On examination
patient was in severe respiratory distress using all his accessory muscles and unable
to speak in full sentences with chest auscultation revealing poor bilateral air entry
but no crepitations. The clinical diagnosis at this stage was acute exacerbation of a
first presentation of chronic obstructive pulmonary disease. Arterial blood gases on
high flow oxygen (60%) revealed an acidosis (pH 7.29) with a degree of CO2
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retention (7.91 kPa). However these improved on 24% oxygen to pH 7.40 and
pCO2 of 5.40kPa respectively. Haemoglobin was 16.0g/dL and white cell count was
12.6 x 10 /L. Renal and liver function tests were normal. A chest radiograph revealed
hyper inflated lung fields but nothing else of note.

The patient was initially managed with a course of intravenous antibiotics,
steroids and regular nebulisers and his condition improved. The sudden sporadic
nature of his symptoms together with the recent weight loss led one to the
possibility of intermittent obstruction caused by a tumour in a main bronchus. A
respiratory opinion was sought and subsequent bronchoscopy proved normal which
now pointed to a possible diagnosis of acute laryngeal spasm. A CT (computed
tomography) scan booked as next line investigation revealed a 3.6 x 3.2cm mass with
a density of 58 (soft tissue) causing partial mid-oesophageal obstructions with an air
fluid level at the level of the carina (Fig. 1). No mediastinal lympadenopathy was seen
and no surrounding fat stranding was seen at this level either. The lungs and visualised
bones were unaffected and there was no evidence of metastasis or infiltration to
any surrounding thoracic or abdominal structures. A subsequent barium swallow
revealed there to be a 5cm irregular tight stricture in the subcarinal oesophagus with
a positive apple core sign and pooling of contrast with food residue being noted
also. An urgent gastroscopy showed a tight stricture beginning at 30 cm from the
incisors through which the scope was unable to pass without revealing any other
possible features to explain these atypical presenting symptoms. Six biopsies were
taken from the site all measuring 0.2-0.4 cm each. The biopsies comprised of
oesophageal mucosa and clot that was confirmed histopathologically to be
squamous cell carcinoma grade G2. The tumour cells were confined to the
superficial layer of the oesophagus and determined to be stage IB. Following informed
discussion of the potential treatment options with the patient he opted for a course of
radiotherapy.

Fig. 1. CT Thorax indicating oesophageal mass (arrow)
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3. DISCUSSION

The sudden sporadic onset of respiratory symptoms in this case with no prior
respiratory history perplexed many of the physicians involved. Galandiuk et al. [4]
have reported that dysphagia (80-90% of patients); vomiting (50%) and pain
(45%) are the commonest presenting symptoms of oesophageal carcinoma but the
reported patient presented with none of these. Indeed here the normal bronchoscopy
findings pointed to a diagnosis of acute laryngeal spasm as the cause of the
patients’ respiratory symptoms in keeping with previously reported cases [5]
Literature searches have revealed cases of airway obstruction [6] due to oesophageal
carcinoma but they have all been caused by oesophagotracheal fistulas which this
patient did not have [7].

In this case the patient presented with bizarre sudden respiratory distress
sufficient to cause collapse. A respiratory cause was sought but all tests including
bronchoscopy proved normal. The eventual diagnosis of oesophageal carcinoma is
highly unusual in that the patient did not present with the typical symptoms. In
retrospect further discussions with the patient revealed that he had avoided certain
foods that had caused him to wheeze but he was never investigated for this. The
authors surmise that the sudden respiratory symptoms were due to acute laryngeal
spasm secondary to overspill caused by the oesophageal tumour and this gave the
picture of hypercapnoeic respiratory failure present on the initial results. The acute
laryngeal spasm is highly likely to be linked in this way to the oesophageal carcinoma
diagnosed by subsequent CT scan.

4. CONCLUSION

Doctors may encounter several patients with acute respiratory symptoms but
subsequent investigations focused on finding a respiratory cause fail to reveal any
pathology. In such cases repeated evaluations of the patient must include alternative
pathologies in anatomical areas closely related to the respiratory system. Physicians
should be cautious to label any patient with acute dyspnoea as having a respiratory
cause without any definitive respiratory past medical history.
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Tea Consumption and Health Beneficences of Green Tea
Drinking-A Community-based Cross-sectional Study in Urban
Chinese Men

ABBREVIATIONS
PTDR: Present tea drinker; GTDR: Green tea drinker.
1. INTRODUCTION

It is estimated that about two-thirds of the world's population drink tea
originated from southern China. Although there are hundred varieties of tea, most can
be categorized into 3 sorts, depending on the level of fermentation or oxidation, i.e.
‘non-fermented’ green tea; ‘semi-fermented’ oolong tea; and ‘fermented’ black tea.
There is also a fourth category known as ‘scented teas’, made by mixing various
flowers and petals with green or oolong teas; the best known among these is
jasmine tea [1-3]. Health effects of tea drinking, especially in cardiovascular
disease and cancers, were studied in different setting with varied results, and most
were focused on health beneficial effects of green tea in the context that green tea has
higher antioxidant activity than black tea or oolong tea [1-5]. Apart from the potential
confounding from the socioeconomic and lifestyle factors associated with tea
drinkers, the difference in health effects estimation could result from lack of reliable
and comparable way of quantifying tea intake.

It is no doubt that information in details on tea drinking such as sorts of tea,
current and cumulative amounts of tea consumption, and ways of tea cooking in
general population will be helpful for better understanding its health beneficences. In
industrialized countries, there are some studies that reported the consumption habits
of tea (mostly, black tea) in general population [6,7]. However, not like black tea that
is prevalent principally in Europe and North America, green tea is preferred throughout
Asia, especially in China [1]. There are difficulties in measuring tea consumption in
green-tea drinkers considering most of green-tea drinkers taking the tea in loose
leaves, rather than tea-bags. In China, almost all studies on the health effects of green
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tea were measured by self-reported average monthly or yearly amounts of tea
consumed, or the daily cups of tea taken [8-14]. So far, epidemiological data on
the characteristics of tea drinkers, and the amount of tea-leaves consumed in grams
in general Chinese population have not been reported yet. The objectives of this study
were to describe the characteristics of tea consumption, especially green tea
consumption in Chinese male population, further, to analyze the health
beneficences of green tea drinking in cardiovascular disease and diabetes.

2. MATERIALS AND METHODS
2.1 Study Population

This was a community-based cross-sectional study carried out in three cities
of China: Shanghai, the commercial center of China, Hangzhou, the main green tea
outputting area and Chengdu, a city well-known for tea consumption. Subjects of the
study were sampled using a multi-stage design. The first stage unit was city:
Shanghai, Chengdu and Hangzhou were selected purposively. The second stage
unit was community stratified by socio-economic classes, and the last stage unit
was building that was sampled randomly using cluster sampling.

2.2 Subjects Recruitment and Data Collection

Subjects of the study were recruited continuously from July 1st to Sept. 30th,
2006. In total, 4804 subjects from Shanghai, Chengdu and Hangzhou responded to
the questionnaire interview, with 2944 men and 1860 women. The eligible subjects
were those who were at the age of 18 to 64 years old, and had been living in local
cities for not less than two years. People unable to answer the questionnaires, or
pregnant, or taking medicine related to tea products at the time of interview were
excluded from the study. Considering the gender difference in tea drinking habits
and health effects, results from male and female subjects are reported separately.

In this study, present-tea-drinker (PTDR) was defined as a subject who had
been consuming tea at least twice per week continuously for not less than 3 months
at the time of interview [13].

In each study city, 8-10 data collectors majored in medicine or preventive
medicine were recruited. The data collectors were trained for interview with unified
training protocol. All subjects were face-to-face interviewed through household visits
by interviewers. A structured questionnaire was used in data collection. Information
collected from the questionnaire included demographics, tea consumption history,
current tea exposure in detail (if any), health status and major disease histories of
subjects. The details of tea exposure covered data on frequency, amount, pattern,
and preference of tea drinking. The weights of PTDR’s routine and maximum tea
consumption per time were measured in loose tea leaves with identical balance if
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he or she drunk loose tea leaves. The PTDRs were asked to take tea leaves, just
like their usual way, out of a bag of tea that the interviewers brought with, and put
the amount into a small bag labeled with unique code. The labeled bag of tea
leaves were then weighted in grams using an identical balance by the investigators in
each city. The identical balances were newly bought from the same producer and
were adjusted before use.

The reliability and validity of the investigation were assessed through key
information re-interview. After completion of general questionnaire interview for all
subjects, 30 subjects were randomly sampled in each city for re-interview on key
information such as education level, ever tea drinker, present tea drinker, smoking
status. The duration between the two interviews was about 2-4 weeks. Kappa values
for the two interviews were 0.829, 0.860, 0.860 and 0.780, respectively, which reflect
a sound reliability of the study.

2.3 Data Analysis

The database was built in EpiData version 3.1 for Chinese and the statistical
analysis was carried out in SPSS 11.0.1 (Sn: 3805233). For continuous data,
Student-t test or ANOVA was used to test the differences in means and
Jonckheere-Terpstra Test (J-T test) was applied to medians when variances were
not equal. For category data, Chi-square test was applied. Statistical significance
was defined as p<0.05 for 2-tailed analysis. The age standardized prevalence of present tea
drinkers and green tea drinkers was calculated based on data of China National Population
Census 2000 and the average concentration of catechins in green tea infusions was crudely
estimated at the basis of 0.12g/g (dry tea-leaves) [15].

3. RESULTS AND DISCUSSION
3.1 Description in General

A total of 2944 male subjects were recruited for questionnaire interview. Among
them, 2927 (99.4%) subjects were eligible (1034 from Shanghai; 896 from
Chengdu; 997 from Hangzhou). Seventeen subjects were excluded due to younger
than 18 or older than 65 years old. The average age of the subjects in mean was
43.82+13.29 years old, and the family size were 3.35+1.16 persons in median. About
two third (66.3%) of the subjects had more than 9 years schooling, and 19% had a
salary higher than 3000 CNY per month.

3.2 Patterns and Amounts of Tea Consumption in Urban Male Chinese
Population

As shown in Table 1 and 2, results of this survey suggested that there
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was a high percentage of tea drinking in Chinese male adults in cities, especially for
green tea drinking. The percentage of PTDRs was 73.7%, and over four fifth of the
PTDRs were green tea drinkers (GTDRs). Percentages of different tea PTDRs
significantly varied over cities. Subjects from Shanghai and Hangzhou were
dominantly GTDRs (over 96%); however, there were similar percentages of drinking
green tea and Jasmine tea in Chengdu. Old people had a higher proportion of
PTDRs in all three cities. People with less education years in Hangzhou and
Chengdu, and people with higher salary in Shanghai had a higher percentage
of PTDRS. The tea consumption habits of PTDRs were stable (in Table 3). Most of
them drank tea every day and amounts of tea consumption did not vary over
seasons. The average weekly amounts of tea consumption in grams for PTDRs
varied from 55.2 grams green tea per week to 71.7 grams oolong tea per week.
Also, most of PTDRs preferred loose tea leaf except for black tea drinkers of whom
around 40% using black-tea bags. Almost all PTDRs made tea by soaking. Further,
the general characteristics of green tea consumption of these sampled male subjects
varied significantly over cities (Table 4).

There were 62 men who had drunk tea for at least 3 months, but they did not
drink tea at the time of interview. Thirty-eight of them reported the reason for quitting
tea drinking. The first three reasons were health conditions (23.7%), feeling
discomfort after drinking tea (15.8%), and no time or feeling troublesome to make tea
(13.2%).

Table 1. Current status of tea-drinking behaviors in Chinese male subjects (n=2927)

Characteristic PTDRs'(%) Non-PTDRs(%) Total(%) X2, P

Age group(years)
18-24 145 (41.2) 207(58.8) 352(100)
25-34 287 (59.2) 198(40.8) 485(100)
35-44 469 (80.9) 111(19.1) 580(100) 329.66, <0.001
45-54 635 (82.0) 139(18.0) 774(100)
55-64 620 (84.2) 116(15.8) 736(100)

Education levelt (years)
0-9 796 (81.0) 187(19.0) 983(100) 61.29, <0.001
-12 653 (75.2) 215(24.8) 868(100)
>12 702 (65.9) 363(34.1) 1065(100)

Personal income (CNY/month)I
<=1000 741 (73.4) 269(26.6) 1010(100) 0.74,0.864
-3000 977 (74.6) 332(25.4) 1309(100)
-5000 293 (73.3) 107(26.7) 400(100)
>5000 107 (75.4) 35(24.6) 142(100)

City
Shanghai 683(66.1) 351(33.9) 1034(100) 52.85,
Chengdu 719(80.2) 177(19.8) 896(100) <0.001
Hangzhou 754(75.6) 243(24.4) 997(100)

Total 2156(73.7) 771(26.3) 2927(100)

T: Present tea drinkers; * Missing data in education level and personal income were 11 and
66 respectively.
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Table 2. Sort-specific percentages of PTDRs in Chinese male subjects (n=2927)

Variables Green tea Jasmine tea Black tea Oolong tea
City
Shanghai 65.0(670/1030)  0.6(6/1030) 1.0(10/1030) 1.4(14/1030)
Hangzhou 73.0(726/994) 0.3(3/994) 5.0(50/994) 0.3(3/994)
Chengdu 39.3(351/894) 40.8(365/894) 0.9(8/894) 1.1(10/894)
X, P 241.27, <0.001 905.03, <0.001 48.29,<0.001 6.70,0.04
Age group(years)
18-24 33.1(116/350) 7.1(25/350) 2.6(9/350) 0.6(2/350)
25-34 49.0(236/482) 9.3(45/482) 1.7(8/482) 2.1(10/482)
35-44 64.3(373/580) 14.8(86/580) 2.9(17/580) 1.2(7/580)
45-54 69.9(540/773) 11.9(92/773) 2.2(17/773) 0.6(5/773)
55-64 65.8(482/733) 17.2(126/733) 2.3(17/733) 0.4(3/733)
Xirond'» P 127.99, <0.001 22.08, <0.001 0.00,0.97 3.60,0.058
Education level (years)
0-9 60.7(595/981) 18.7(183/981) 3.3(32/981) 0.5(5/981)
-12 61.5(532/865) 13.5(117/865) 2.4(21/865) 0.8(7/865)
>12 58.0(615/1061) 7.0(74/1061) 1.4(15/1061) 1.4(15/1061)
Xyond'» P 1.39.0.24 61.31, <0.001 7.54,0.006 4.42,0.04

Personal income (CNY/month)

<=1000 50.9(513/1008)  21.3(215/1008)  2.9(29/1008)  0.3(3/1008)
1001-3000 64.4(840/1305)  10.0(130/1305)  1.8(24/1305)  0.6(8/1305)
3001-5000 65.0(260/400)  5.8(23/400) 2.0(8/400) 3.0(12/400)
>5000 70.7(99/140) 2.9(4/140) 3.6(5/140) 2.9(4/140)
Xyend?s P 38.59,<0.001 83.72, <0.001 0.12,0.73 23.85, <0.001

Total 59.9(1747/2918) 12.8(374/2918)  2.3(68/2918)  0.9(27/2918)

Table 3. Sort-specific characteristics of tea consumption behaviors in Chinese male

PTDRs (n=2156)

Variables Green tea Jasmine tea  Black tea Oolong tea
(%) (%) (%) (%)

Seasonal variation 205(11.7) 39(10.4) 17(25.0) 6(23.1)

Everyday drinker 1585(91.2) 349(95.6) 51(79.7) 15(65.2)

Age to start(years) ' 22.2+7.8 19.61£7.5 21.3%7.3 -

Cumulative duration(years) ' 23 5+11.8 26.1+12.4 22.6+12.9 -

Duration(years)" 21.5+12.3 25.1+13.0 17.5+14.8 -

Times per week 10.646.7 11.4+4.9 10.447.7 -

Grams per time' 5.7+4.0 6.4+3.7 5.816.0 -

Max grams per time 6.2+4.3 6.5+3.7 6.76.2 -

Cups per time' 4.0+2.3 6.2+13.0 5.8+16.7 -

Volume of cup (ml) ' 4114227 3544156 4841606 -

Max cups per time 5.14+2.8 7.5+13.8 9.9+22.9 -

Soaking time(hour)' 6.3+3.1 6.8+4.2 5.3+3.4 -

Tea type

Leaf tea 1688(97.3) 362(97.6) 39(60.0) -

Bag tea 46(2.7) 9(2.4) 26(40.0) -

Other 1(0.1) 0 0 -
Method

Boiling 106(6.1) 2(0.5) 3(4.6) -

Soaking 1635(93.9) 368(99.2) 62(95.4) -

Other 1(0.1) 1(0.3) 0 -

Taste preference

Strong 632(36.8) 180(48.5) 29(44.6) -

Proper 727(42.3) 131(35.3) 27(41.5) -

Light 360(20.9) 60(16.2) 9(13.8) -
Grams/Week' 64.2+67.7 75.6+58.3 57.9+53.5 93.4+153.7
Total 1747 374 68 27

- Mean+SD
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Although tea drinking has become a popular life style in both western and
eastern countries, the ways of measuring tea consumption are in diversity. It is easy to
measure the frequency of tea drinking rather than the amount of tea consumed. In
most studies conducted among Westerners and Japanese, ‘cups of tea consumed’
was the most common indicator for quantifying the amount of tea consumption
[2,4,7]. Tea consumption has also been measured by the number of tea bags
consumed. Unlike Westerners who usually consume tea bags, Chinese prefer to
loose tea-leaves. In contrast, most studies conducted in mainland China have
used the weight of loose tea leaves consumed monthly or yearly [10,12]. It is
obvious that the monthly or yearly estimation is liable to incurring recall bias and
measuring bias when using loose tea leaves, especially when several family members
are tea drinkers. In fact, male daily GTDRs reported the consumption of 394.2
g/month tea-leaves in this study, i.e. the average daily tea consumption would be about
13g, much higher than the 10g/day measured by the identical balance. The problem
in using cups as an indicator for tea consumption is that the size of the teacups
varied dramatically in China. In this study, the cups used by the subjects sized from
8 ml to 5000 ml. In fact, some tea drinkers such as tax drivers use a little pot or
barrel as ‘cup’ in China. The problem in using volumes as an indicator is similar to
cups. Among male GTDRs of this study, the average volumes of green tea per day
varied over individuals ranged from 66ml to 16800ml and the Pearson correlation
coefficient was only 0.354 between the average grams and volumes per day. As a
result, weighs of tea consumption per day should be a good indicator to evaluate the
tea consumption in China.

Table 4. City-specific characteristics of tea consumption behaviors in Chinese male
GTDRs (n=1747)

Characteristic Shanghai Chengdu Hangzhou Total (%) P
(%) (%) (%)
Seasonal variation 48(7.2)  27(7.7) 130(18.0)  205(11.8)  45.9, <0.001
Everyday drinker 597(89.5) 314(90.8) 674(93.0) 1585(91.2) 5.29,0.071
Age to start(years) 23.747.3 19.8+7.2 22.1+8.1 22.2+7.8 486972.0, <0.001*
S:’rr:tti‘c';t(';zars)§ 2264116 2294126 247+115 235+11.8 485387.5, <0.001*
Duration(years)® 2244116 14.5£12.0 24.2+11.6 215123 84.2,<0.001"
Times per week® 9.1+4.7  11.1%8.8 11.746.9 10.646.7 483646.0, <0.001¥
Grams per time® 6.0+3.6 55+35  57+4.5 5.8+4.0 2.1,0.12"
Max grams pertime® 61136 5737  6.75.1 6.244.3 6.8,0.001"
Cups per time® 41423 44423 3.742.2 4.0+2.3 11.3,<0.001"
Volume of cup (ml) 3841161 3671292  459+235 411227 483589.5, <0.001*
Max cups per time* 50428 5.4+26  5.0+2.8 5.1+2.8 467098.0,0.84
Soaking time(hours)® 54130  6.7+3.1 5.9+3.3 6.3%3.1 8.59, <0.001"
Tea type Fisher's p=0.009
Leaf tea 659(98.5) 334(95.2) 695(97.2)  1688(97.3)
Bag tea 10(1.5)  17(4.8) 19(2.7) 46(2.7)
Other 0 0 0 1(0.1)
Method of preparation Fisher's p<0.001
Boiling 53(7.9)  4(1.1) 49(6.8) 106(6.1)
Soaking 615(91.9) 347(98.9) 673(93.2)  1635(93.9)
Other 1(0.1) 0 0 1(0.1)
Taste preference 25.9, <0.001
Strong 206(31.1) 132(37.6) 294(41.7) 632(36.8)
Proper 319(48.1) 128(36.5) 280(39.7)  727(42.3)
Light 138(20.8) 91(25.9)  131(18.6)  360(20.9)
Grams/Week 58.5+58.2 64.1462.1 69.5:77.4 64.7+69.5 476156.5,0.01°
Total 670 351 726 1747

$: Mean+SD; ': One way ANOVA; *: J-T test
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As discussed above, due to the poor comparability of tea-related studies, it's
difficult to assess the tea consumption according to the findings from studies in other
countries. Based on data from the US National Health and Nutrition Examination
Survey 1999-2002, Maureen et al (2006) reported that the average amounts of tea
consumption were 193.9 grams per day in 20-39 years old, 203.8 in 40-59 years old
and 172.3 in >= 60 years old respectively in US male population, however, the main
sort of tea consumed was not mentioned. Compare to Maureen’s findings, the
average daily tea consumption in Urban Chinese male population was lower if the tea
consumption in grams in this US survey was not estimated according to milliliter [6].
Based on data of over 7,000 adults aged from 19 to 64 years old from the UK
National Diet and Nutrition Survey (NDNS), Henderson et al (2002) indicated that
77% of men drank tea (68%, 73%, 80% and 82% in 19-24 years old, 25-34 years
old, 35-49 years old and 50-64 years old respectively), with a median consumption of
3024 ml per day, which is higher than results from this study, and the percent of tea
consumption increased as age, which is similar to this study, however, the main sort
of tea consumed was not mentioned in NDNS [7]. The possible reasons are the
differences in the definition of tea drinking, research methods and the age-sex
distribution of populations between UK and our study. Also, the proportions of tea
drinking in Japan were higher than that in our subjects (69.6%, 81.1%, 70.3% vs.
59.9%, respectively) under the same considerations in definition, i.e. a cup or
above per day [16-18].

3.3 The Relationship between Green Tea Drinking and Cardiovascular
Diseases and Diabetes Mellitus

Green tea drinking was significantly related to a low risk of
cardiovascular disease (OR=0.024, 95% CIl=0.012-0.048) and diabetes (OR=0.038,
95% CI=0.012-0.120). After adjustment for age, education level, smoking, and
personal incoming level, such protective effect was found stronger (Table 5). Results
of this study were similar to results from many other studies in China and western
countries [5, 16, 19-24]. Considering the potential protect effect of tea drinking to
health will not take effects until the subjects has been drinking tea continuously for
some time, we excluded those subjects having a diagnosis of cardiovascular
or diabetes before or within 0.5 years after they began to drink tea. The health
benefits of green tea are attributed to the polyphenols, particularly the catechins,
which are present in higher quantities in green tea than in black or oolong tea [1-5].
The estimated average of catechins intake was 0.86g/day for those daily GTDRs,
which could contribute to such inverse relationships partly [15,24]. In additions,
it was observed that green tea had the beneficial effects on body mass index, blood
glucose and lipid profile in obesity people [25]. However, self-reported disease
information might subject to information bias in estimating the protect effects of
green tea drinking in this study.
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Table 5. The relationship between green tea drinking and risk of cardiovascular
diseases and diabetes

Disease GTDR' OR (95%Cl) P OR (95%CI) * P*
Yes No

Cardiovascular diseases

Yes 8 308 0.024(0.012,0.048) <0.001 0.011(0.005,0.024) <0.001

No 1514 1089 1.000 1.000

Diabetes

Yes 3 56 0.038(0.012,0.120) <0.001 0.027(0.008,0.089) <0.001

No 1687 1129 1.000 1.000

""GTDR with age of starting to drink tea younger half year or more of diagnosis.
*: Current education levels, age, personal incoming levels and smoking status were adjusted in
nonconditional Logistic Regression model.

3.4 Methodology Considerations

This was a cross-sectional study implemented in urban Chinese male
population. To have a better representativeness, three major cities located in different
areas of China with different perceived tea-drink patterns have been purposively
selected. The sample size and sampling effects were estimated according to
previous studies in China. This should be a first population-based survey
comprehensively in assessing the characteristics and amounts of tea consumption in
Chinese urban men. However, China is a huge country with great diversified
socioeconomic status and life styles in its population. Larger sample size and wider
coverage of cities are demanded for a sound generalizability in further studies on tea
consumption in Chinese population. In additions, a cross-sectional study could only be
used for describing the association between green tea drinking and the studied health
outcomes, rather than for making causation.

In this study, daily tea consumption was comprehensively assessed with
regard to sort of tea, duration of tea consumption, way of preparing tea extracts,
volume in cups, amount in grams and frequency of daily and weekly tea consumption.
Due to the limited studies on tea consumption in China, there was no well-accepted
definition for present tea drink. In this study, the present-tea-drinker (PTDR) was
defined as a subject who had been consuming tea at least twice per week
continuously for not less than 3 months at the time of interview. This definition has
been used in a health-related epidemiological study in urban China [13].

4. CONCLUSION

In summary, this population-based cross-sectional study is informative and
comprehensively in assessing the characteristics and amounts of tea consumption
in Chinese urban men. Findings from this study indicate the health beneficences
of green tea drinking in cardiovascular diseases and diabetes.
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Distribution of Telomere Length in the Cord Blood
of Chinese Newborns

1. INTRODUCTION

Telomeres are specialised nucleoprotein structures made up of tandem
repeats of hexamers. They act as a cap to protect chromosome ends from
degradation and fusion with other chromosome ends. Telomere repeats provide a
mechanism for DNA replication at the ends of chromosomes and are essential for
chromosomal stability. As telomeres undergo progressive shortening with every
replication, the length is frequently used as a marker for cell division and proliferative
potential [1-3].

In men, short telomeres have been associated with higher risk of
cardiovascular and metabolic disorders, dementia, emphysema, depression, and
cancer [4-8]. Cells with critically truncated telomeres exhibit chromosomal
rearrangements which eventually lead to malignancies or apoptosis. Mice with shorter
telomeres have increased incidence of tumour formation [9,10]. Hence telomere
length is also a marker for organismal fithess and risk for certain diseases.

Telomere length is an inherited trait. There is inter-individual variability even
when adjusted for age [11,12]. However, it is also modifiable by environmental
factors. For its association with both inherited disorders and diseases with both
genetic and environmental influences, it is not clear whether the disease
predisposition is due to the inherited shorter telomere length, or that the shorter
telomere length is a consequence of the disease. There is no longitudinal data on
telomere length in such patients.

Combined epidemiologic and clinical studies have shown that intrauterine
environment affects foetal growth and development and also subsequently impacts
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adult health disease and survival. This is due to the fact that foetal life is associated
which rapid cell division and an insult or injury during this period can have
significant long-term consequences on postnatal tissue or organ function [13]. There
is a significant relationship between low birth weight and later development of
cardiovascular disease and impaired glucose tolerance (IGTT) in adult life [14].
Besides cardiovascular and metabolic diseases, those born with very low or low birth
weight (below 2500 grams) are also more at risk for cognitive impairment,
behavioural problems and higher risk of hepatoblastoma[15,16] As the spectrum of
diseases overlaps with those associated with short telomeres, it would be
interesting to find out whether the low weight births already have shorter telomeres
at birth due to intrauterine stress.

There is no large scale study on telomere length in newborns. There is also
no data on telomere length for children from our population. In this study, we
investigated the telomere length of newborns from Chinese parents in a public
hospital in Singapore. Our data will provide some insight into the range of telomere
length at birth for children with different birth weight and gestational ages for the Asian
population.

2. MATERIALS AND METHODS
2.1 Cord Blood Samples

The study protocol was approved by the Sing Health Institutional Review
Board which oversees all research activities in the hospital. Deliveries involving
Chinese parents were identified and the cord blood was collected in both heparin
and EDTA tubes. Data on gender, birth weight, gestational age and maternal age
were also collected. All newborns were singleton births, free of major congenital
birth defects and not suspected of chromosomal disorders.

2.2 DNA Extraction

Genomic DNA was extracted from whole blood using DNeasy Blood and
Tissue Kit (QIAGEN, Valencia, CA, USA) according to manufacturer’'s protocol.
The quality and quantity of extracted DNA was assessed by optical density
measurement at 260nm and 280nm using the NanoDrop 1000 Spectrophotometer
(Fisher, Wilmington, DE, USA).

2.3 Telomere Restriction Fragment (TRF) Assay
The TRF length analysis assay was performed using the Telo-TAGGG

Length Assay Kit (Roche Applied Science, Mannheim, Germany). Extracted pure
genomic DNA (1.5 ug/sample) was digested with FastDigest® restriction enzymes,
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Hinf1 and Rsa1 (Fermentas, Burlington, Ontario, Canada), for 10 minutes at 37°C.
Digested DNA fragments were fractionated by gel electrophoresis in a 0.8%
agarose at 60 V for four hours. The gel was then washed in hydrochloric solution
(0.25 M HCI), denaturation solution (0.4 M NaOH) and neutralisation solution (1 M
Tris 7.4, 5 M NaCl). The DNA fragments in the gel were transferred to the
Nytran® positively-charged nylon membrane (Sigma-Aldrich, St. Louis, MO, USA)
overnight. Subsequently, DNA is cross-linked onto the membrane by ultraviolet light
(Stratagene, Santa Clara, CA, USA), hybridized with Digoxgenin (DIG)-labelled
telomere probe at 42°C for three hours and washed with a series of anti-DIG
alkaline phosphatase washing solutions. The membrane was incubated with
avidin-conjugated horseradish peroxidase for five minutes, followed by horseradish
peroxidase substrate solution, tetramethylbenzidine, for five minutes. Visualization of
the DNA fragments were detected on X-ray films (Kodak, Rochester, NY, USA). The
chemiluminescent signals were scanned by the Kodak Gel imaging system and
analyzed by the Kodak imaging software for quantitative measurements. The mean
TRF length for each lane was estimated as the weighted average of the optical
density as described in the TeloTAGG kit. The DIG Molecular Weight Marker from
the kit was included in every gel as size markers.

2.4 Statistical Analysis

Relationships between continuous variables were assessed with Pearson or
Spearman correlation. Partial correlations were also used to control for interaction
between variables. All analysis was done using SPSS 19. Statistical significance was
set at P< 0.05.

3. RESULTS

The demographic variables of the study population by gender and TRF results
are presented in Table 1.

Table 1. Distribution of variables in the study samples

Group Males (n=96) Females (n=88) P
Mean * SD Range Mean *SD Range
Birth weight (g) 3233 £ 525 610 — 5184 3226 + 401 2200 — 4298 .921
Gestational age 266.09+11.10 196 — 280 267.89+7.52 252 -288 .205
(days)
Maternal age (years) 32.86 + 4.90 18 — 42 32.32 +5.28 17 — 47 .843
TRF (kb) 12.32 + 2.50 6.63 — 19.21 12.99 + 2.35 8.19 — 18.66 .065

There was no significant deviation from normality for all the variables.
There was no statistically significant difference in maternal age, birth weight and
gestational age between male and female births. There was a wide range for mean
TRF length with the longest almost three times that of the shortest. There was also a
trend for shorter telomeres in males compared to telomeres in females although
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the difference did not reach statistical significance. The shortest mean TRF length
was a male with birth weight of 3.73 kilogram (kg), gestational age of 273 days and
the mother was 23 years old. The longest mean TRF length was of a male with birth
weight of 2.89 kg, gestational age of 259 days and the mother was 42 years old.
Mean TRF length of the youngest birth at 196 days and birth weight of 0.61 kg was
9.26 kilobases (kb). The heaviest birth of 5.18 kg was a male with gestational age of
266 days and the mother was 31 years old. His mean TRF length was 15.15 kb. The
heaviest female birth was 4.298 g (gestational age 273 days and 26-year old mother)
with mean TRF length of 11.73 kb. A representative TRF blot from whole blood DNA of
nine samples is shown in Fig. 1.

There was significant inverse correlation between maternal age and
gestational age (Pearson’s r = —0.161, P = 0.029) with older mothers giving birth
earlier. There was also highly significant correlation between higher birth weights
and older gestational ages (Pearson’s r = 0.385, P< 0.00). There was no statistically
significant correlation of mean TRF length with birth weight or gestational age, even
after controlling for maternal age. And there was no independent correlation of mean
TRF length with either birth weights or gestational ages even after controlling for the
other variable.

There were 143 mothers who were older than 30 years. For this group there
was statistically significant correlation between maternal age and mean TRF
length of the newborns (Pearson’s r = 0.190, P = 0.023), with older mothers giving
birth to newborns with longer telomeres. Similar to the whole sample set, there
was again statistically significant correlation between higher birth weight and older
gestational age (r = 0.417, P< 0.00).

markers
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Fig.1. A blot used for TRF measurements
First lane on the left is the DIGmolecular weight markers with the sizes in basepairs, lanes (A) to (1) are
cord blood samples.
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4. DISCUSSION

Our data is in line with the higher incidence of earlier deliveries for older
mothers [17] and the expected higher birth weight with older gestational age [18, 19].
Consistent with other studies, there is wide inter-individual variability in mean TRF
length in newborns [20, 21]. Moreover, the huge variations in TRF length in
newborns are as large as the variations observed in adults [22] . Hence the wide
range of age-adjusted TRF length in adulthood could be attributed to strong genetic
determinants that had exerted its effect in utero[23].

The previous largest study was from the United States in 2002 (Okuda et al)
which found the mean TRF length to be 11.01 + 0.058 kilobasepairs (kb) for cord
blood [20], less than the average obtained in this study. Another study had even
smaller range of 7.491 — 9.473 kb [24]. However, the sample size of that study is
very small with only 26 newborns. One explanation could be that our study sample
had a bigger range of birth weight (0.61 — 5.18 kg compared to 1.60 — 4.75 kg). Our
average TRF length is closest to the 12.34 kb reported for 15 — 19 week old fetal
tissues from 11 elective abortions [25]. One study reported even longer mean TRF
length of 16.4 kb in 12 newborns [26]. Other studies had even smaller sample sizes
of 10 or less [27-29]. A summary of previous studies on newborn telomere length is
presented in Table 2.

The shortest sample for the US study at 8.55 kb was longer than our shortest
at 6.6 kb. As our samples were anonymously collected, we did not have any
clinical data for this pregnancy which was a full-term birth with regard to pregnancy
complications or prenatal stress experienced by the mother which could influence
telomere length in the offspring [32]. While it was much shorter than the shortest of
8.55 kb in that study, the shortest in the study by Friedrich et al was 7.49 kb for a
preterm newborn while Holmes et al had two out of five preterm infants with mean
TRF length in the mid-7 kb range [24,33]. There were also 11 additional samples in
our study with mean TRF length of < 9 kb. Hence the short mean TRF length for this
infant could just be an extreme case of natural inter-individual variation. At the other
end of the range, the longest mean TRF length in Okuda et al was only 13.32 kb
whereas the longest in this study was 19.2 kb. One possibility for the longer mean
TRF is that some of the subtelomeric restriction sites for the enzymes used in this
assay might be polymorphic in our population, resulting in over-estimation and higher
mean TRF length for those samples.

Okuda et al. also reported that telomere length results were similar for males
and females [20]. While we found a trend towards shorter telomeres in males, it did
not reach statistical significance. Nevertheless our result is consistent with other
studies which showed that telomeres are longer in females compared to males of the
same age for adults [34-36]. Our data showed that this difference might already be
present at birth.
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The present study is in line with two previous reports that there was no
association between birth weight and mean TRF length in newborns, which had
sample sizes of 72 and 68 [30,37]. However, another study reported significantly
longer TRF length in “very low birth weight” pre-term compared to “low birth
weight” newborns and this is based on a sampling size of 15 and 11 [24]. More
studies involving larger sampling sizes are required to establish if impaired growth
during intrauterine events is associated with higher telomere attrition. Postnatally,
infants who were small at birth might undergo rapid growth and attain normal
height and weight within a year. As telomerase activity is absent in many somatic
tissues, it would be expected the telomeres in these cells would undergo more rapid
attrition compared to normal birth wirght infants if the catch-up growth involved
more replication and cell divisions. Longitudinal studies involving serial sampling
over time during this period would be needed to ascertian if this is indeed the case.

A large proportion of small for gestational age (SGA) and intrauterine
growth restriction (IUGR) cases are due to placenta insufficiency. Shorter
telomeres have been reported for placental trophoblasts for pregnancies
complicated by preeclampsia or intrauterine growth restriction [38,39]; while the
expression of hTERT, the rate-limiting factor of telomerase activity was also
found to be lower for the latter. Another group working on fetal growth retriction
samples found similar results for placental telomere length and telomerase activity
[31]. The reduced telomerase activity could explain the shorter telomeres found in
the IUGR and FGR placentas but there was no corresponding decrease in telomere
length for the FGR cord blood samples, leading them to conclude that the
pathology is placental in origin. Future studies to assess levels of telomerase
activity and telomere length in IUGR/FGR placentas (and fetal tissues if possible)
at various stages of pregnancy would be needed to better understand the
pathogenesis.

The known determinants of telomere length are genetic factors [12,40],
age and gender [20,21,23,34,35,41-43]. Several findings lend support to the idea
that paternal inheritance is the main genetic factor predicting telomere length,
where higher paternal age is associated with longer newborn telomeres [41,44-46].
Nawrot et al. [35] further proposed the X-linked inheritance of telomere length
between fathers-daughters, mothers-sons, mothers-daughters and amongst
siblings. In our study, the paternal age at the time of birth of the newborns were
not recorded and hence we were unable to test if there was correlation
between paternal age and the TRF length of their newborn daughters, or between
mothers’ age and newborn telomere length of their newborn sons after adjusting
for paternal age and vice versa. We found no correlation of mother’s age with the
mean TRF length of their sons even after adjusting for gestational age or birth
weight. Interestingly, for older mothers (> 30 years), a positive correlation was
observed between maternal age and mean TRF length of their newborns. This was
different from a previous study which found that paternal age but not maternal
age at the time of birth is positively associated with telomere length [41].
However, a direct comparison cannot be made as the telomere Ilength
measurement was done when the subjects were aged 35-55 for that study and
the observed difference could be due to different postnatal attrition rate. Telomere
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length is known to be involved in aging and is associated with age-related
diseases. Further research on telomere-telomerase maintenance in utero will lead
to better understanding the factors which determine telomere length at birth. This
will expand our knowledge on the impact of being born with relatively shorter
telomeres and the risk of developing age-related chronic diseases associated with
short telomeres.

4. CONCLUSION

To our knowledge, our study has the largest sampling size for telomere
length in newborns, with 96 males and 88 females. In addition, our samples are
more homogeneous in that all 184 are of Chinese ancestry. Our results showed a
wide range of mean TRF length with no correlation with either gestational age or
birth weight.
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Chargé de Cours, Candidat des Sciences Phylologiques, Chaire des Langues Etrangéres

EXPERIENCE PRATIQUE DE L’UTILISATION DU SYSTEME
DE LA FORMATION A DISTANCE DES BACHELIERS(A
L’EXEMPLE DE MOODLE)

La formation a distance (FD) est une nouvelle forme du processus éducatif qui utilise les
méthodes traditionnelles et novatrices d'apprentissage. La formation a distance est basée sur les
nouvelles méthodes de présentation des données et de la documentation pédagogique sous forme
¢lectronique, elle est aussi basée sur [’utilisation de I’Internet pour la livraison de Ia
documentation pédagogique en ligne aux ¢tudiants. FD se développe d’une maniere tres
dynamique. Le nombre total de cours de FD dans le monde croit de plus de 40% annuellement.

Les particularités et les avantages de FD sont les suivants:

A: pour les étudiants:

I’accessibilité de la formation pour un grand nombre de candidats, dont le lieu de
résidence est retiré de 1'établissement de 1’enseignement;

I’absence de probléme d'acquisition de la documentation pédagogique et du matériel
didactique;

le systeme d’évaluation des compétences est objective et indépendante de I'enseignant;

B: pour les enseignants:
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I’horaire libre, car les cours magistraux en salle de classe sont minimisés ou
complétement absents;

la possibilité d'automatiser le systeme de 1'évaluation des connaissances;

l'utilisation des technologies audiovisuelles modernes dans la documentation
pédagogique, ce qui n'est pas toujours possible avec des activités en classe;

C: pour les établissements de 1’enseignement:

la vulgarisation et la publicité indirecte dans 1'Internet;

I’augmentation du prestige;

le nombre d'é¢tudiants peut étre beaucoup plus élévé que dans le cas des formes
traditionnelles de la formation;

I’affectation des enseignants de haute qualification, quel que soit leur lieu de résidence;

I’économie des moyens pour la réalisation du processus éducatif;

I’intégration dans I'espace éducatif mondial.

Le systtme Moodle aide a résoudre les problémes posés. Ce systéme se réfeére a la
propagation de logiciels libres (Internet officiel,le site moodle). Ce systeme de gestion de la
formation est adapté a 1'organisation de cours de formation traditionnels en ligne, ainsi qu’au
soutien des études a temps plein.

En utilisant Moodle le professeur peut créer des cours, en les remplissant des textes, de
fichiers pris en charge, des présentations, des questionnaires. Selon les résultats des travaux faits
par des étudiants, le professeur peut donner des notes et des commentaires. Donc, Moodle est
aussi le centre de la création de la documentation pédagogique et de l’assurance de la
communication interactive entre les participants du processus éducatif.

Dans Moodle, on emploit les roles suivants:

L’administrateur (peut faire tout sur le site et dans tous les cours);

Le créateur du cours (peut créer un cours et I’enseigner);

Le professeur (peut faire beaucoup dans le cours, modifier le contenu du cours);

Le professeur sans droit de modifier (peut enseigner aux étudiants et évaluer leur
connaissances);

L’¢tudiant (a I’acces a la documentation pédagogique du cours);

L’ hote (peut avoir acces a des cours apres avoir regu 1’autorisation).

Le systéeme Moodle donne au professeur une boite a outils compléte pour la présentation
de la documentation pédagogique nécessaire au cours, pour les cours théoriques et pratiques,
pour l'organisation d'activité d'apprentissage des étudiants a la fois individuelle et collective.

Ax¢ sur la formation a distance, le systtme Moodle a une large gamme de moyens de
communication. Parmi ceux-ci on peut citer: e-mails et fichiers joints avec des enseignants,
forum (de nouvelles générales sur la page principale du programme, ainsi que divers forums
privés), chat, echange des messages personnels.

Les ¢éléments interactifs du cours sont:

La conférence est basée sur le principe de l'alternance des pages contenant le matériel
théorique avec celles avec des tests et des questions. S’il y a de mauvaises réponses, le
professeur peut donner le commentaire appropri€.

Le devoir permet au professeur de poser des tiches qui demandent aux étudiants de
répondre sous forme électronique (de n'importe quel format) et vous permet de le télécharger sur
le serveur. L’¢lément devoir permet d'évaluer les réponses recues.

Le test permet de créer les combinaisons de tests. Les combinaisons de tests peuvent étre
des questions a choix multiples, avec un choix de vrai / faux, ce qui implique une courte réponse
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et des essais. Toutes les questions sont conservées dans la base de données et peuvent étre
utilisées de nouveau plus tard dans le méme cours (ou dans les autres). Les tests peuvent étre
enseignants (montrer des réponses correctes) ou de contrdle (annoncer la note).

Wiki permet d’effectuer le travail collaboratif des étudiants avec les documents. Cette
technologie a été spécialement créee pour le développement collectif, le stockage, la
structuration de l'information par interaction de I'utilisateur avec le site web. Tout participant au
cours peut modifier les articles de wiki. Toutes éditions des articles de wiki sont stockées dans la
base de données, vous pouvez demander une version précédente de 1'article ou pour comparer la
différence entre deux versions précédentes de l'article a 1’aide du lien “Derniere édition.” En
utilisant des outils Wiki, les étudiants travaillent ensemble sur 1'édition d'un article wiki, sa mise
a jour et la modification de son contenu. L‘éditeur, intégré dans Wiki, vous permet d‘insérer
dans le texte de D’article des tableaux, des chiffres et des formules. Selon les paramétres du
travail en groupe, le Moodle peut inclure douze wiki-éditeurs différents. Au cours du travail en
équipe le professeur en utilisant la function “Histoire”, peut évaluer la contribution du chaque
membre dans la création d’un article.

Le glossaire vous permet de créer et d'éditer une liste de définitions, une sorte de
dictionnaire. La présence d'un glossaire expliquant les termes principaux utilisés dans le tutoriel,
est nécessaire pour le travail indépendant. Le glossaire facilite le travail du professeur, car il
I’aide de créer le dictionnaire pareil. Le glossaire peut étre ouvert pour créer de nouvelles
articles, non seulement aux professeurs mais aussi aux étudiants. Le glossaire est un moyen
d'améliorer leur expérience en recherche de travail indépendant. Le glossaire donne la possibilité
de commenter et d'évaluer les articles par les professeurs et les étudiants.

Le forum est utilisé pour I’organisation de la discussion et est structuré par themes. Apres
avoir créé un théme chaque panéliste peut y ajouter sa réponse ou commenter des réponses déja
disponibles. C’est tres utile particuliérement pour les nouveaux members du groupe, pour la mise
en valeur plus rapide des taches essentielles, sur lesquelles travaille le groupe. Lhistoire de la
discussion de ces questions est stockée dans la base de données.

Le systeme de chat est congu pour 1’organisation des débats et des jeux d'entreprise en
temps reel. Les utilisateurs du systéme ont en la possibilit¢ d'échanger des messages, disponibles
pour tous les participants a la discussion aussi que pour des members particuliers.

La formation peut étre effectuée de fagon asynchrone lorsque chaque étudiant apprend la
matiére a son propre rythme, aussi qu’en temps réel, en organisant des conférences et des
séminaires en ligne.

Le systéme prend en charge le partage de fichiers dans n'importe quel format - comme
entre les professeurs et les étudiants, et entre les étudiants eux-mémes.

Par conséquent, les possibilités de communication représentent 1'une des plus grandes
forces du systéme Moodle.

Il est important que le systéme Moodle crée et stocke un portefeuille de chaque étudiant:
tous leurs travaux, les notes et les commentaires du professeur, des messages du forum. Il permet
de controler la "présence", c’est a dire, I’activité des étudiants, le temps de leur travail dans le
réseau.

En conséquence, le professeur passe son temps plus efficacement. Il peut recueillir des
statistiques sur les étudiants: quels devoirs ils ont fait, quelles notes ils ont régu. Ainsi, le
professeur peut comprendre comment les étudiants ont compris le sujet, et en prenant compte de
cette information, offrir le matériel pour une étude plus approfondie.



126 Applied Studies in America, Europe, Asia and Africa

Les possibilités que donne le systétme Moodle permet aux utilisateurs de regrouper les
roles:

Les étudiants

font leurs études a toute heure, a tout lieu, a leur propre rythme,

Les professeurs

soutiennent le cours d’éducation dans 1’état actuel,

modifier I'ordre et la présentation du matériel, selon le travail du groupe,

effectuent la rétroaction avec des étudiants.

L’administration

analyse les résultats de I'apprentissage

réduit le cotlt de la gestion du processus de formation.

Le systetme Moodle prévoit un outil intégré pour manipuler des groupes d'étudiants a
l'extérieur d'un cours. Cet outil est appelé "metacours." Il permet d’abonner ou de désabonner
tous les ¢éléves d'un cours a un autre cours en une seule action.

Dans notre université, le systtme Moodle a été utilis€ pendant deux ans. Et malgré ses
avantages évidents comme, par exemple, la formation distancielle, je voudrais m'arréter sur les
problémes que nous avons rencontrés au cours de notre travail.

Parmi ces problémes ont peut nommer les suivants: la qualité des cours distanciels, les
questions juridiques li¢es a la protection de la propriété intellectuelle, les problémes financiers,
liés aux dépenses pour la préparation des cours distanciels et leur rénovation, les questions du
personnel liées a la formation des professeurs. Bien siir, en utilisant la technologie de la
formation distancielle le professeur peut enseigner plus d'étudiants qu’en utilisant les méthodes
traditionnels. Mais si ce systéme apportera des avantages économiques et éducatifs? Dans le
cadre de la formation traditionnelle «face a face», le professeur a la rétroaction nécessaire pour
le processus de I’apprentissage, il réagit en modifiant le dossier de formation et en le faisant plus
accessible. Bien sir, pour la préparation des cours distanciels doit étre utilisée 1'expérience des
professeurs-experts. Mais parfois les professeurs n’ont pas assez de temps pour preparer les
cours, ou ne savent pas travailler sur I’ordinateur. Un autre inconvénient du systéme Moodle est
ce qu'il ne supporte pas la notion de groupes académiques. En plus, ce systéme de la formation a
distance a des demandes ¢élevées sur les performances de l'ordinateur. Mais, malgré les défauts
existante, Moodle est la forme préférée pour la formation distancielle des étudiants, et nécessite
des changements importants dans la formation des professeurs. Le systtme Moodle demande
aussi ’augmentation du niveau d'autonomie et de responsabilité des étudiants..
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/onzoea Banenmuna Heanosna,

O0OKMOP NCUXON02UHECKUX HAYK, npogheccop Kaghedpbl
meopemuyeckoll U NPUKIAOHOU NCUXOTO2UU,

O0eKkaH hakynrbmema ncuxonio2u,

Yenabunckuil 20cy0apcmeenHblil

neoazozuyeckull ynugepcumem 2. Yenabunck

UccaenoBanue ncuxoGpu3noJori4eckKux U JUHYHOCTHBIX
0COOCHHOCTEH IMCHUX0JI0ra

AHHOTaNL U, B CTaTbe o0cyxarrcs BO3MOKHOCTH UCCJIEIOBAHUS
NCUXO(U3HOIOTMYECKUX W JIMYHOCTHBIX ~ OCOOEHHOCTEW  IICHXOJora Ha  OCHOBE
npodeccuorpaMMbl (Ka4eCTBEHHO-OMMUCATENbHbIE MOJIENHN) CIICIUATTUCTA.

KawueBble  cjoBa:  NCUXO(U3MOJOTHYECKHE M JIMYHOCTHBIE  OCOOEHHOCTH,
HMOIMOHANIbHBIE, ~KOMMYHUKAaTUBHBIE, THOCTHYECKHE, MOTHUBALMOHHBIC, MPAKTUYECKHE,
pedIeKCUBHBIE 0COOCHHOCTH TICHXOJIOTA.

Ilocmanoska nayunoti npobiemsl u ee 3HayeHue.

H3BecTHO, UTO METO/ UCCIEIOBAHUS - 3TO CIIOCO0 MOCTPOCHUS U 00OCHOBAHUS HAyYHOTO
3HaHMUS, a TaKXE€ COBOKYINHOCTb NPHEMOB M OINEpaluid MPAKTUUYECKOTO M TEOPETUYECKOIO
OCBOCHUS JEHCTBUTENHHOCTH. [IpUMEHUTENBHO K MCHUXOJIOTMH TMOJA METOJO0M MOAPa3yMeBaIoT

crocoObl moimydeHusi (akToB O Mcuxuke U crnocodsl ux uurepnperanuu. C.JI. PyOunmrelin



128 Applied Studies in America, Europe, Asia and Africa

OTMEYaJl, 4YTO «METOJBI — 3TO CIOCOOBI, MOCPEACTBOM KOTOPBIX IMO3HACTCA TPEAMET HAyKH.
[Icuxonorus, Kak Kaxaas Hayka, yInoTpeOssieT He OJIMH, a LIy CUCTEMY YaCTHBIX METOJ/IOB
i metonuk» [1, C. 43].

[Ipumensiemass B HallleM WCCIEJOBAHUM MCUXO(DU3HOJIOTHYECKMX U JIMYHOCTHBIX
ocobenHocreil necuxonora [Ipodeccuorpamma cocraBieHa Ha OCHOBE TEOPETHUECKOTO aHAJIN3a
JNIOCTYTIHOM JIUTEpaTypbl TO TeMe wuccieaoBanus [2, 3, 4, 5], a Taxxke mened u 3amad
HKCIIEPUMEHTAIBHOTO B3aUMOICHCTBUSI.

[IpodeccuorpamMmMbl BBICTYHAIOT JIOTUYECKH PAa3BEPHYTON CHUCTEMOM MOCBUIOK, KOTOpPAs
OXBaThIBa€T OCHOBHBbIE TPEOOBaHUS K JIMYHOCTU U MPO(eCcCHOHATbHON MOATOTOBKE MCUXOJIOTA.
Baxmueiimeit uacTbio mnpogeccHorpaMMbl  SBISIETCS TIICUXOrpaMMa Kak — XapaKTepUCTHKa
TpeOOBaHM, TIPEABSIBIAEMBIX JIEATEIBHOCTBIO K TICHXHUKE MCUX0Jora. JleaTelbHOCTHBIN MOIX0M
B TIOJTOOHBIX MCCIICIOBAHUSAX MOXKHO CUHTATh Hanbosee 3pdekTuBHBIM [6].

[Tox cnemudukol MCUXOTpaMMBI TICHXOJIOTA, COCTABISIEMON B IENSIX PalMOHATH3AIUN
npoiecca ux npo¢ecCUOHANTbHON MOJITOTOBKH, MBI MOHUMaeM BbISIBIICHUE
NCUXO(U3HONIOTUYECKMX U JIMYHOCTHBIX OCOOEHHOCTEH MOAJAIOIMXCA PAa3BUTHUIO B XOj€
OBJIa/ICHUS TPOPECCHOHATBHBIM MacTEPCTBOM IICHXOJIOTA.

[Ipodeccrorpamma sBISETCS OCHOBHOW METOAMKOM W HAaIIEr0 JAMAarHOCTHYECKOTO
uccinenoanus. [lcuxodusmonornyeckue M JUYHOCTHBIE OCOOEHHOCTH mcuxosiora (ux 20) B
npodeccuorpaMme paszziefieHbl Ha MIECTh KOMIIOHEHTOB: SMOIIMOHATbHBINA, KOMMYHHUKATUBHBIMH,
THOCTUYECKHM, MOTUBALIMOHHBIH, TPAKTUYECKUH U pedIeKCUBHBIIH.

Ananusz uccneooganuii npodnemoi. [l OLNEHKH NPOSIBIEHUN NMCUXO()U3MOIOTHYECKUX U
JUYHOCTHBIX 0COOEHHOCTEH TICUXO0JI0Ta HAMH pa3paboTaHbl U alpOOUPOBAHBI COOTBETCTBYIOIINE
KpUTEPUH, TIOKA3aTeJIN U YPOBHH.

1. Kputepuu, xapakrepusyrolye KayecTBa 3MOLUOHAIBHOTO KOMIIOHEHTA: 3MIIATHIO,
HMOLIMOHANIbHYIO YCTONYHUBOCTh U CAMOCTOSATEIbHOCTh MPUHATHUS PELICHUI.

2. Kpurepuu, xapakTepusylollyge KayecTBa KOMMYHHKATUBHOTO KOMIIOHEHTA:
KOMMYHHMKaTUBHOCTb U JINJEPCTBO.

3. Kpurepuu, xapakTepu3ylOLIMe KayecTBa THOCTUYECKOTO KOMIIOHEHTA: 3HaHUs
COJIEp)KaHUsl JACSTENbHOCTH; YMEHHMSI U HABbIKUM JIEATEIbHOCTH; HWHTEIUIEKTYaJbHOCTb,
HAaXOJYMBOCTh M THOKOCTh MBILIUICHUS;, CIOCOOHOCTh K TBOPYECKOMY MPHUMEHEHUIO
pohecCHOHANBFHOTO OMBITA; OOLIYIO KYJIBTYPY.

4. Kpurepuu, XapakTepu3ylollM€  KauecTBa  MOTHUBALIMOHHOIO  KOMIIOHEHTA:
ONTUMHUCTUYHOCTb, PAOOTOCTIOCOOHOCTD U TYMaHHOCTb.

5. Kpurepum,  xapakTepusylollMe  KauyecTBa  IPAKTHUECKOIO0  KOMIIOHEHTa:
OpPraHU30BaHHOCTh, OTBETCTBEHHOCTh, MHUIIMATUBHOCTH U HAIIPABJIEHHOCTbD.

6. Kpurtepun, xapaktepusyromie kadecTBa pepiekCHBHOIO KOMIIOHEHTa: CIIOCOOHOCTD K
CaMOPETYJISIMU; CIOCOOHOCTH K a/IeKBaTHON CAMOOLIEHKE; YeCTHOCTh U HICKPEHHOCTb.

YpoBHM NPOsBICHUS NCUXO(PU3HOIOTHIECKUX U TMYHOCTHBIX 0COOEHHOCTEH Icuxoora:

XKemaemblii — MokazaTenpb SPKO BBIPAXKEH, MPOSIBIAETCS aleKBaTHO MPO(HECCHOHAIBHBIM
TpeOOBaHUSAM, XapaKTEpU3YeTCs YCTOMYMBOCTHIO U IMOCTOSHHOCTBbIO B MposiBIeHUsX (4,4-5
OaIoB).

[Ipuemsiemblii —  1oOKa3aTenab  3aMETHO  BBIPDAXKEH, MPOSBISIETCS  AIEKBAaTHO
npodeccuoHanbHBIM TPEOOBAHUSM, HO MOKET MPOSBIATHCS HETOCTOSHHO (3,6-4,2 Ganna).
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Kputndeckuii — mokasareiab BBIpaKEH, HO HEI(P(EKTHBHO TPOSBISICTCS B PEHICHUH
y4ueOHO-TIpoecconanbHbIX 3a1a4 (2,6-3,4 6aia).

HenomnycTtumslii — mokasarenb BeIpaskeH cinado (2-2,4 6ainia).

Llenv u 3a0ayu cmamou.

PackpbITh BO3MOXHOCTH UCCIICIOBAHHUS TCUXO(DH3UOIOTUYECKUX U JIMYHOCTHBIX
0COOCHHOCTEH MCHUX0JIoTa Ha OCHOBE TIPOo(heccHorpaMMbl (KaueCTBEHHO-OIMUCATEIILHOM MOIEITH)
CIICIHAITHCTA.

BrisiBuTH TE KayecTBa, KOTOphIE HanboJsiee Wi HanMeHee YPPEeKTHBHO POPMUPYIOTCS U
pa3BUBAIOTCS B Mpoliecce MpohecCHoHaTbHOM MOATOTOBKH IICUX0JIOTOB.

Onpenenuth MyTH W TOPUHIUOB  yCOEMHOTO  (GOPMUPOBAHUS U Pa3BUTHUSA
NCUXO(PHU3HOIOTUIECKUX M TMYHOCTHBIX OCOOCHHOCTEH ICUXOJIOTOB.

Hznoocenue ocnosnoco mamepuana u 00OCHOBAHUE NOJYUEHHBIX —Pe3)Ibmamos
uccne008aHusl.

Mertonuka ucciaenoBaHus NCUXO(U3HOIOTHUECKUX U JTMYHOCTHBIX KaueCTB MPUMEHSIETCS
MICUXOJIOTHUECKON Cciyx00i (dakynpTeTa mncuxonorud YensOMHCKOro TOCYyJIapCTBEHHOTO
neaarorndeckoro ynusepcurera ¢ 2010 rona (N=210).

CpaBHUTENBHBIN aHAINW3 SMIUPUYCCKUX 3HaueHU t-kputepus CTHIOACHTA ITO3BOJIHII
3aKJIIOYUTH, YTO HaNOOJIee 3HAYMMO MPOSIBISIOTCS TaKHUE KA4eCTBa, KaK JUACPCTBO (tyyn = 3,09,
p<0,01), 3Hanms comepkaHust AEATETBHOCTH (tyy = 3,0, p<0,01), cHOCOOHOCTH K TBOPYECKOMY
NPUMEHEHHIO TPOHECCUOHATBHOTO OMBITA (toyn = 2,76, p<0,01).

Menee 3HaUMMO TPOSABISAIOTCA TakuWe KadecTBa, Kak oOMmmatus (twm = 2,25),
AMOIIMOHANIbHASL YCTOMYUBOCTD (toyn = 1,98), caMOCTOSTENBHOCTh MPUHATHS PEMICHUM (tyyy =
2,12), KOMMYHUKaTUBHOCTb (Atyn = 2,1), YMEHHMS W HaBBIKU JAEATEIBHOCTU (thyn = 2,19),
WHTEJUICKTYaJIbHOCTh, HAXOAYUBOCTh M THOKOCTh MBINUICHHUS (toyy = 2,09), cmocoOHOCTh K
aZIeKBaTHOM caMoolieHKe (toyy = 2,17), cmocoOHOCTH K camoperyiasiuu (thn, = 1,97),
UHULUATUBHOCTS (toyn = 2,32), HAIPAaBIEHHOCTD (town = 2,55) (towm >tip, 311 p < 0,05).

Eme psg kadecTB, MOJOKUTENBHBIE M3MEHEHHS B YPOBHEBBIX ITOKA3aTENsX KOTOPBIX
MIPOU3OIIIN, HO OKA3aJIMCh HEIOCTATOYHBIMH I YPOBHS CTATUCTHYECKON 3HAUYUMOCTH (p <
0,05), yka3piBaeT Ha HEOOXOIUMOCTH JAJIBHEHIIETO COBEPIICHCTBOBAHUS MPO(EeCCHOHATBHON
MOJTOTOBKMA IICUXOJIOTOB B HampaBieHUH (DOPMHUPOBAHUS HMX TMCUXOPU3UOJIOTUYECKUX U
JUYHOCTHBIX OCOOEHHOCTEH. DTO clenyromme KadecTBa: oO0mas KyiabTypa (twn = 1,59),
ONTUMUCTUYHOCTD (tym = 1,76), paboTOocIOCOOHOCTD (toyyn = 1,49), TymMaHHOCTE (toyn = 1,82),
OpraHu30BaHHOCTD (tyyn = 1,42), OTBETCTBEHHOCTD (tyyn = 1,86), 4ECTHOCTH U UCKPEHHOCTD (tyyn
=0,94).

Cka3aHHOE TIOJTBEPXKIAET HEOOXOTUMOCTh COBEPIICHCTBOBAHUS TMPOPECCHOHATBHON
MOJATOTOBKM  TICHXOJIOTOB, HAmpHMep, B TMpoIlecce MPOM3BOACTBEHHBIX M  HAy4YHO-
HCCIIEIOBATENLCKUX MPAKTUK B MarucTpaType WK B MPOIECcCe MOBHIMICHUs MPOPECCHOHATBHON
KBaJTU(DUKAIIUH.

[Ipu sTOM mporpamMmbl TaKUX IMEJATOTHYECKHX TMPAKTHK JIOJDKHBI pa3padaThiBaThCs HA
OCHOBE CJICTYFOIINX TPUHITUTIOB.

Ipunyun 2ymanuzayuu, ONpenesIONIMA OTHOIICHHE K MPAKTHKAHTY Kak CBOOOIHOM,
[EIOCTHOW TUYHOCTH, CIIOCOOHOM MO0 Mepe CBOETO KYJIbTYPHOTO Pa3BUTHS K CAMOCTOSITEILHOMY
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BBIOOPY UEHHOCTEW, CaMOONPEICNICHHIO W TBOPUYECKOW camMopeai3allid B  YCIOBHUSX
MeAarorn4eckom MpaKkTHUKH.

Ipunyun npogheccuonanbHo-1UYHOCMHOU UHMecpayul, TPEATOIATAIONINN BBISIBICHHE
BO3MOXXHOCTEH caMOpa3BUTHUS U CaMOOOPa30BaHUs, CTAHOBJICHNUE U Pa3BUTHE WHAUBUIYATbHOTO
CTWJIS CBOCH NEATEIHbHOCTH B KayecTBE MCUXOJIOTa, peaju3ali0 TBOPUECKOTrOo IMOTEHIIMAa
JTUYHOCTH U Pa3BUTUE TOTOBHOCTH PENIAaTh MPO(HeCCHOHATBLHO-TIEJarOTHYECKUE 3aa4H.

HpuHL;un L;@HHOCI’}’ZHO-CMblCJZO6OIZ HanpaejleHrocmu neoazo2u4eckotl npaxkmuk,
HaHpaBHeHHBIﬁ Ha CO3JaHHUC YCJ'IOBI/Iﬁ JJISL 06peTeH1/151 MMPAKTUKAaHTOM CMBICJIA CBOCTO
o0pa3oBaHUsl B KOHTEKCTe MpPO(eccCHu M OCMBICICHHE IIEHHOCTHO-CMBICIOBOM MPUPOIBI
JESITEIILHOCTH TICUXOJIOTA.

Ipunyun eouncmea cooepicamenvpHol U NPOYeCccyaibHOU CMOPOH TIeIarorudecKoi
MPAKTUKH, KOTOPBIM O3HAYAET EAMHCTBO MPEAMETHOTO COJACPKAHMS, a TaKXkKe CIoCco00B
YCBOCHUA IMPAKTHUKAHTAMH 3TOro COACPIKAHUA, W OTPAXKCHHUC OTOro0 CIMHCTBA B YCIIOBUAX
MICUXOJIOT0-NIEIArOTUYECKON MPAKTHKH.

Hpunyun NpaKmuKo-opueHmupoeanHocmu, obecreunBaromui HHTErpaTUBHOE
B3aMIMOJICHCTBHE TO3HABATEIILHOM, UCCIIEOBATENLCKONH U MPOPECCHOHATBHON EATEITHbHOCTH C
Y4€TOM ICHHOCTHBIX OpI/ICHTaHI/Iﬁ N UHTCPCCOB IICUXOJIOI'OB.

Ipunyun  eapuamueénocmu,  OPUEHTHPOBAHHBIA  HA  MAaKCHUMAaJbHBIM  ydeT
WHAMBUIYAIbHBIX OCOOCHHOCTEH ITUYHOCTHO-MPO(ECCHOHATFHOTO CTAHOBJICHUS IICHXOJIOTa B
KOHTEKCTE creln(puKu ocBanBaeMoil mpogeccu.

Bv1600b1 u nepcnexmusnvl oanvhelue2o uccie008aHusl.

HpOBCI[eHHOG HUCCJIICAOBAHUC IIO3BOJIACT CACIATh BBIBOA O TOM, UYTO IMPUMCHCHUC
npodeccHorpaMMbI TIO3BOJISIET BBISIBUTH MCUXO(PU3NOJIOTHUECKUE U JTMYHOCTHBIE OCOOCHHOCTH
MICUXO0JIOTA.

Hame wuccnenoBanue mnokaszano, 4YTO 3HAUYMMO TMPOSIBISIOTCS TaKHE KauecTBa, Kak
JTUAEPCTBO, 3HAHMS COACPXKAHUS ACSITENBHOCTH, CIMOCOOHOCTh K TBOPYECKOMY HPHUMEHEHUIO
po(hecCHOHATBLHOTO OIBITA.

Bwmecte ¢ TEM, BBIABJICHBI KAYECTBA, KOTOPBIC HCAOCTATOYHO IMPOABJIAKOTCA Y IICUXOJIOIOB
(oOmast KynapTypa, ONTHUMUCTUYHOCTH, pabOTOCIIOCOOHOCTh, TYMaHHOCTh, OPraHU30BaHHOCTb,
OTBETCTBEHHOCTh, YECTHOCTh M HICKPEHHOCTb ).

DOT0  yKazbplBaeT  HAa  HEOOXOIMMOCTh  JalbHEHIIEro  COBEPIICHCTBOBAHUS
npohecCHOHANBPHOM TMOATOTOBKH TIICHUXOJOTOB C YYeTOM WX TNCHUXO(PU3UOIOTUYECKUX U
JUYHOCTHBIX OCOOEHHOCTEH W C OHOpoM Ha Tpynnmy HNPUHLMIOB (TyMaHHM3alUH,
po(hecCHOHANLHO-TUYHOCTHOW ~ WHTETpaIlii, I[IEHHOCTHO-CMBICIOBOH  HAINpPaBIIEHHOCTH,
€MHCTBA COJEPKATEIBHOH W MPOIECCYyaIbHOW CTOPOH, TMPAaKTHKO-OPUEHTUPOBAHHOCTH,
BapUATUBHOCTH)

Cuuraem, 4TO [danbHEIIee HCCIEIOBaHHE TCUXO(MU3UONIOTHUYECKUX M JIMYHOCTHBIX
0COOCHHOCTEH TICHXOJIOTa JOMKHO OBITh MPOJOKEHO HE TOJBKO B HANPABICHUU YTOYHEHUS
CTPYKTYPHBIX KOMIIOHCHTOB W KPHUTCPUCB UX OLICHKHU BO B3aUMOCBSA3HU C HpO(i)eCCI/IOHaJIBHBIMI/I
KOMIICTCHIHUAMU, HO U B KOHTCKCTC OpraHu3anuu HpO(i)CCCI/IOHaHBHOﬁ IIOATrOTOBKH IICUXO0JIOI'OB,
HampuMep, B IIpoliecce MPOU3BOJICTBEHHBIX U HAay4YHO-HCCIEAOBATEIbCKUX TMPAKTUK B
MarucTpaType, Wil B POIecCce MOBBIIICHHS KBATH(PUKAIIUH.
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Lisenkov Vladislav G., UTI TPU, assistant Professor, Department of EIAs,
Marchuk Veronica I., UTI TPU, senior lecturer, Department of EIAs,
Kadochnikova Olga Viadimirovna of UTI TPU, student In-17590, kafedra EIAs

Analysis of technological approaches in pedagogy

JIusynkoe Bnaoucnae I'ennaovesuu, FOTU TI1Y, accucmenm, kagpeopa JuACY,
Mapuyk Beponuxa Heanoena, FOTHU TI1Y, cm.npenooasamens, kageopa JuACY,
Kaoounuxoea Onvea Bnaoumuposna FOTU TI1Y, cmyoenmka B-17590, kagpeopa JuACY

AHAaJIM3 TEXHOJOIrH4eCKHUX M0JIX0/10B B NearoruKe

CoBpeMeHHasl Tearoruyeckas Hayka Bce OoJibllie W OOJIbIlE TOMOJHACTCS HOBBIMHU
TEPMHUHAMHU, IMOAXOJaMH, METOJaMU U NNOHATUAMH, KOTOPLBIC 6epyT CBOC Ha4aJIO0 M3 APYIrux HE
MEHee 3HAuMMBIX oOnacteil 3HaHMi. K HOBIIECTBY B TNEJaroruke OTHOCHTCS M TIOHSTHE
«TeIarOTMYeCKUe TEXHOJIOTUI.

AHanu3 Hay4HBIX MENAarorHueCcKUX M3aHUil OTEYECTBEHHOH U 3apyOeXHOH JIMTepaTypsl
10 TeMe TEXHOJOTU3AI[MH BOCIUTATEIBHOTO M y4eOHOTO MPOIECCOB BCEIIENO CBS3aH C HAyYHO-
TCXHUYCCKHUM IIPOrpeCCOM. I/I3y‘-ICHI/IC neaarorudcCKux TEXHOJIOT I JACINTCA Ha HCECKOJIBKO
HTAIoB:
negarorudycckas TEXHUKa,

JANJaKTHYCCKasd TEXHOJIOTHA,

HeJarornyeckas TeXHOJIOT S,

aNITOPUTMH3ALHS YUCHHS;

UH()OpPMAIIMOHHAS TEXHOJIOT U,

ONTHUMH3AIMS W MHTCHCH(UKALKUS yueOHO-BOCIIUTATEILHOTO polecca;
ayJMOBH3yaJIbHOE 00pa30BaHuUE;

MOJlyJIbHOE O0yUYEeHHE;

e AR o

[IPOrpaMMHUPOBAHHOE O0yUYEHUE.

Cpenu Hambollee U3BECTHBIX 3apyOeKHBIX aBTOPOB, WCCICAOBABIIUX MPOOIEMBI
nearoruyeckux Texunosnorui, - B. Kockapemnnu, b. biaym, I11. Mutuemnn, k. Kappomnn, I'. I'eity,
u Jp.

HayuHnbie 3HaHMS OTEYECTBEHHOW TEOPUH M MPAKTHUKU IO BOMPOCAM TEXHOJIOTHYECKUX
noaxonoB orpaxkeHbl B Tpyaax JI. f. 3opunoii, HO. K. babanckoro, M. 1. Maxwmyrosa, I1. fI.
lNansnepuna, U. I1. Pauenko, T. W. [llamoBoii, H. ®@. Tans3unoii, B. I1. becnianbko u ap.

B coBpeMeHHOlN memarornueckol Hayke NeAaroruyeckue MOJXOJbl pacCMaTpUBAIOTCS
KaK BHUJ YEJOBEUECKHX TEXHOJIOTMH U HCIONB3YIOTCS B TEOPHUSIX KHUOEPHETHKH, TCHXOJIOTHH,
yIpaBJieHUs! U MEHEHDKMEHTA, B IUJIAKTHKE.

['maBHasi npakTHUyeckas 3HAYUMOCTh B MPUMEHEHMM TMEJAaroru4ecKux IMOAXOIO0B -
BHEJIPEHHE B HAYKy CHCTEMHO-JEATEILHOCTHOTO I0X0Ja. Ero OCHOBHBIM pe3yJIbTaTOM
ABIIIETCS pean3alusl PelieHUs 3a/ad o0pa3oBaTEeNbHOM AEATeTbHOCTH BO MHOTHX OTpacisax
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3HaHuil. Ciaeayer OTMETUTh €lle OJHY NPUYHMHY NMPUMEHEHHs MeIarormyeCcKUuX TEXHOJIOTHH -
NOTPEOHOCTh B MOTHUBAILMU Y4YEOHO-TIO3HABATENBHOM JesATeNbHOCTH yuamuxca. HeoOxoammo
YXOIUTh OT BepOaJIbHOTO CII0CO0a Tepeaayd yMEHHWH, 3HAHWH M HaBBIKOB. Takke IpH
NPUMEHEHUN  TEXHOJOTMYECKUX  IOJIXOJO0B  MOSIBISIETCS  BO3MOXKHOCTH  AKCIIEPTHOIO
MPOEKTUPOBAHMUS B3aUMOJICHCTBUI mpemnojaBatenss U oOydaromerocs. ITO CHOCOOCTBYET
JOCTH)KEHUIO HanboJjiee BEICOKUX Pe3yIbTaTOB 00yUEHUsI.

Eme B 1933 r. coBerckuii memaror A. C. MakapeHKO B CBOMX Hay4HbIX TpyJax
(«Ilegarornyeckass mosma») Hamucan: «Hame memarormdyeckoe MpPOM3BOACTBO HHUKOTAA HE
CTPOMJIOCH IO TEXHOJIOTMYECKOM JIOTHKE, a BCETJa IO JIOTUKE MOPAJIbHON MPOIoBEAH. .. IMEHHO
[I03TOMY Y Hac IMPOCTO OTCYTCTBYIOT BCE Ba)KHbI€ OTAEIBI MPOU3BOJACTBA: TEXHOJOTMYECKUMN
MpOLECC, YYeT Omepalnuil, KOHCTPYKTOpcKas paboTa, NpPUMEHEHHE KOHCTPYKTOpPOB U
npucrnocoOIeHnit, HOpMUPOBAHHE, KOHTPOJIb, JOIYCKH U OpakoBKay. [8]

PaccMoTpuM  umeromuecss Ha  CETOAHSAIIHUMN  JI€Hb HOAXOAbl  IEAArOrM4YeCcKUX
TEXHOJIOTHH.

[lonaTuiiHBI anmapaT oOmpeJeNeHusl MeAaroruuecKo TEeXHOJOrMH OOLIMpeH u
MHOT'OTPaHEH.

[To muenuto poccuiickoro yuenoro T.U. [IlamoBo#: «negarornyeckas TEXHOJIOTUS — 3TO
Hay4yHOE IUIAaHWPOBAHUE, OPraHU3allus, OLICHUBAHUE U KOPPEKIMS NIEAArorn4eckoro npouecca B
LEJISIX MOBBIIICHUS ero 3 (EKTUBHOCTH, JAIONIAs TapaHTHPOBAHHBINA PE3YIbTAT.

Anrmuiickuii  ydyensnii [I. MwuTyenmnm B HaydHOM HCCIAEAOBAHUHM «DHITUKIIOTICIHS
MEJAaroru4ecKux CpelICcTB, KOMMYHHMKAlMd W TEXHOJOTHMI» TEPMHUHY I€Jaroru4yeckue
TEXHOJIOTUH JaeT ONpeeNieHHe: «...KaK 00JacTH MCCIIEAOBAaHUM TEOPUU U MPAKTUKHU (B paMKax
CUCTEMBI 00pa30BaHMs), UIMEIOMIEH CBSI3U CO BCEMH CTOPOHAMH OPTaHHU3AIMU IMEAarorHYecKOu
CUCTeMBl  JUIsl  JOCTIKEHUS  cleUu(UYecKuX UM MOTEHIHAIbHO-BOCIPOU3BOIUMBIX
MEJAaroru4ecKux pe3yJbTaToB...».[6]

Joxrop mnemarormdyeckux Hayk M.B. Kiapun B cBoeM HayyHOM H3AaHUHU
«Ilenaroruueckasi TEXHOJIOTUSI B y4eOHOM IPOLIECCe» MUILET: «...TEXHOJOTU3alus yueOHOoro u
BOCIIUTATEIBHOTO IMPOLIECCOB CBsI3aHA C MOMCKOM TaKMX IHUJAKTHYECKUX MOJIXO0JI0B, KOTOpPbIE
MoOTJIH OBl IPEBPATUTH O0YUYEHHE B CBOETO POJIa MPOM3BOICTBEHHO-TEXHOJIOTUIECKUN TIPOIIECC C
rapaHTUPOBAHHBIM PE3YJIBTATOM...).

AHanu3upysi MHEHHsI YY€HbIX, Mbl coilugapHsl ¢ MHeHueM M. M. MaxmytoBa. OH
nuet: «l[lemarormueckas TEXHOJOrMS — 3TO HE JUIAKTUKA (Teopusi oOyuyeHHs), 3TO M HE
yacTHasi MeTojguka. Kak IuaakTHUKO-MeTOAMYEecKas cHucTeMa IeJaroruyeckas TEeXHOJIOTHUs
NpUIOKKMMa K JII0OOMY TMpeAMETy, OHa KOHKpPETHa». ABTOp ONpeneNseT IMeJarornieckyio
TEXHOJIOTHIO Kak 0ojee  «3alporpaMMHpOBAHHBIA  (@IrOPUTMHU3MPOBAHHBINA)  IpOIECC
B3aMMOJICHCTBUS MpEnojaBaTeis M ydalluxcsl, FapaHTUPYIOLUUI JTOCTHKEHUE INOCTaBICHHOU
uenuw». [4,5] IlpoBoas aHamu3, cleayeT 3aMETUTh, YTO OCHOBHBIMM TMpPHU3HAKAMH
NEAArorNYeCKuX  TEXHOJOIMH  SBISAIOTCA: YIPaBIIsIEMOCTb; 3aIporpaMMHUpyEMOCTh
(UIrOpUTMHU3UPYEMOCTB); TPOCKTUPYEMOCTS. [1,2,3]

AHanu3 NpPUBEICHHBIX BBILIE ONPEACICHUN MOHATHMHOIO ammapara «IeJarornyeckas
TEXHOJIOT U MTO3BOJIET BBISIBUTH CIEAYIOINE XapaKTEPUCTUKHU:

1. B ocHoBe Kaxmod pa3pabaTbiBaeMON NEAAroruyeckol TEXHOJIOTHH  JICKUT
METOJI0JIOTHYECKask MO3UIHS aBTOpA.
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2. AJTOpUTMHPOBAHHOE IUIAHUPOBAHUE 3TAIlOB IENArOTUYECKMX TEXHOJIOTMH JOJDKHO
OCYIIECTBJIATBCS  JIOOBIM  IpernojaBaTesieM, MpU 3TOM  JOJDKHBl  ObITh  JOCTUIHYTHI
3aIJIaHUPOBAHHBIE PE3YJIbTAThl yUALTUXCA.

3. HeorpeMieMoOl 4acThiO MEAArOTMYECKUX TEXHOJIOTMI BBICTYIIAIOT JUArHOCTHYECKUE
IIPOLEAYPBI, KOTOPBIE XapaKTEPU3yIOT COAEpKalIuecss UHCTPYMEHThI, KpDUTEPUU U TOKa3aTeln
U3MEPEHUs TapaHTUPOBAHHBIX PE3yJIbTATOB 00pa30BaTENbHON JAEATEIbHOCTH.

Ha mpakTuke mnegarornyeckue TEXHOJOTUM BBIPAXXEHbl B IOCTPOCHUHM Yy4eOHO-
BOCIIMTATEIBHOTO ITPOLIECCA, KOTOPBIN OJIULIETBOPSET:

- CcBOOOIHBIA BBIOOP BAPHMAHTOB TEXHOJIOTHH, COOTBETCTBYIOIIMH LEISIM U
BO3MOKHOCTSIM B3aMMOOTHOIIICHUI TIPEnojaBatessi 1 00yJaromerocs;

- pa3paboTKy MeJarorn4ecKux TEXHOJOTMH JUIsl CHEeLUAINCTOB, KaK TEOPETUKOB, TaK U
IIPAKTHKOB.

OnHa M3 cambIX OCHOBHBIX M PAaCHpOCTPAaHEHHBIX (popM y4eOHO-BOCTIMTATEIHLHOTO
nporecca - ypok. IMeHHO 1o3ToMy OOJBIIMHCTBO MCCieN0BaTeNe 3aHUMAIOTC pa3paboTKon
[EAArorn4ecKol TEXHOIOIMH HENTOCPEACTBEHHO 3aHATHU.

ba3oBbIM HMHCTPYMEHTOM 3aHATHA Kak CHCTEMOOOpasylomield dYacTu SsBIseTCS
TUJAKTUYecKas MoCTaHOBKa 3aaun. OHa o0beauHseT B ce0e BOCTIUTHIBAIOIIYIO, 00YUAIONIyI0 1
pa3BUBAIOIIYIO (YHKLIUU 00pa30BaTeIbHOIO MpoLecca.

[ToctpoeHne 0O6pa3zoBaTeILHOTO MPOIIECCa OCHOBBIBAETCS HA TEXHOJIOTUU. B Hero BXxoasT
BCA TEOpETHYECKass OCHOBA, BKJIIOYAOIIas B ceOsl MpaBuiia, TEOPEMBI, 3aKOHBI, YNPaKHEHUS,
3aJjauu, TaKKe IpaKTHYecKas dYacTb, KOTOpas HEoOXoauma sl ONTUMAJIBHOTO OCBOEHHUs
y4alUMHUCS.

[Iporecc TEXHOIOTUU COCTOUT M3 METOJIOB M CIIOCOOOB 00y4eHHUsl. MeTO/IbI OIpeaensitoT
CTWIb NPENoAaBaHUs AMCUUIUIMH Ha 3aHATHM. Ilpn 3TOM HEOOXOAMMO YYMTBHIBATH Y4eOHO-
MIO3HABATENbHYI0 paboTy Yy4YalIuXcsi, OCHOBBIBAsACh Ha WHAMBHUIYaJbHON BHEAayIUTOPHON u
TPYNIIOBOW ay TUTOPHOM 00pa30BaTEIbHON A TETHHOCTH.

[Ipy mnocTpoeHuM 3aHATUSA IIepel MNPENoJaBaTeleM CTaBUTCA [JaBHAas 3ajada —
BBICTPOUTH Y CTYZCHTOB CUCTEMAaTU3UPOBAaHHYIO 0a3zy KoMieTeHuui. s pemenus 3Toil 3anaun
HEOOXOIMMO  BOCHOJNB30BAThCS  AUAAKTHKOW. OOydueHHMe TMpH TMOMOIIM  IMPEIMETHBIX
JUIAaKTUYECKUX METOMOB SBISIETCA HAyKOM, KOTOpas MMEET CBOKO OINPENEIECHHYI0 CIEeUU(UKY.
Ona cBsi3aHa ¢ COAEPKAHUEM U3Yy4aeMOU JUCLUILIMHBI U METOJOJIOTUEN €€ UCCIIEI0BaHUs.

OCOOEHHOCTBIO COBPEMEHHOT0 Y4eOHO-TI03HABATEILHOTO IPOoIiecca SBISAETCS MePexo]l OT
CHUCTEMHO-/ICSITEIbHOCTHOTO TMOAX0/la K JIMYHOCTHO-OPUEHTUPOBAHHOMY. JTO 3aTparuBaer
UCIOJIb30BaHUE KOMILJIEKCAa CIIOCOOOB, TEXHOJOIMH, METO/I0B, OpraHU3allMOHHBIX (opM i
pa3BuTHA TUUHOCTH. [Ipy naHHOM MoaX0/1€ 00pa30BaTENbHBINA MPOIIECC MPOUCXOIUT B YCIOBUSIX
MOTHUBAIMH YUY€OHOH JIEATETFHOCTH YYaIIerocs.

JIMYHOCTHO-OPUEHTUPOBAHHBIN TOAXO HAIPABJICH Ha PENPOAYKTHBHYIO IESITEIBHOCTD
yuamuxcs. [Ipu 3ToM ri1aBHOM 3a1adeill penogaBaTess BoICTyAaeT Nepeiada 3HaHuM, YMEHUH U
HaBBIKOB B TOTOBOM BUJIE, a TJIaBHOW LIEJIBIO CTYAECHTOB SIBJISIETCS BBIIIOJHEHHE PEIPOYKTUBHO-
UCTIOJIHUTENIbCKOM (PyHKIIUH.

Jannbiii noaxon onucal B Tpynax FO.II IToxonkosa, U. 5. Jlepuepa, I1. S. I'anbnepuna,
M. 1. MaxmyroBa, H. @. Tans3unoi u ap.
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Tabmuia 1 — DTansl TEXHOJIOTHI pa3BUBAIOIIETOCS TPOOIeMHOTO o0ydeHwus [9].

Neri/rt

HanmenoBanue 3Tamna

Kpatkas xapakrepucruka

2

3

AKTyanu3anus 3HaHui

AKTyanu3auusi paHee OCBOEHHBIX 3HAHUH ydaluMucs,
OCHOBaHHas Ha MOATOTOBKE MPENOJABATEIEM yUaIUXCs K
MOJTyYEHHUIO HOBBIX 3HAHUH 3a CUeT peleHus npodaem
M3Yy4YEHUs HOBOTO Marepuana. /J[aHHBbIi 3Tal noMoraer
AKTUBU3UPOBATh MBICIIUTEIILHYIO JEATEIbHOCTD
y4aluXcsl, HaIPABJICHHYI0 Ha OpraHU3al1I0 BO3HUKILIEH

MpoOJIEMHOM CUTYAIIHH.

3

Cosznanue npoOIeMHON

CUTyalluu.

Oran OCHOBaH Ha CO3JjaHKE MIPENoJaBaTesIeM
MPOOJIEMHON CUTYaINH JIJIsl HAXOKICHUS YIaIluMUCS
nyTeii ee paspeuienus. [Ipu atom y yuammxcs
CTUMYJIMPYETCS] MBICIIUTEIbHAS U TTIOMCKOBAS

JACATCIIBHOCTD.

BrlaBrkeHHe yqaluMucs
[IPEATIONI0KEHUM, TUIIOTES,

nx 000CHOBaHUE

CyIIHOCTB TaHHOTO JTara 3aKI0YaeTcsl B TPyNIOBON
paboTe KoJIIeKTHBA (BBIABIKEHUE e U OOMEH
MHCHUAMNU cpegm yqamplxcz B ITIONCKaXxX HpaBI/IJ'II)HOFO
0TBeTa). YUalIuMCsl IPETOCTABISIETCS BOZMOKHOCTh
BBICJIYIIATh BCE UMEIOLIUECS TUTIOTE3bI, BO3SMOKHOCTh

pazo0paTh KaXxAyI0 U3 HUX.

Pemmenune nmpoGieMsr
YUaIIUMUCS ITyTeM
CaMOCTOSATENILHOTO TTOHCKA,
MOCPEACTBOM TOIOITHEHHS

HEJIOCTAIOIIX 3HAHUI

JlaHHBIH Tarm OCHOBaH Ha cOope HHPOPMAITUH O
CBOMCTBAX 3JIEMEHTOB MPEJIOKEHHBIX MHEHUM.
HpOBOI[I/ITCﬂ aHaJIn3 BI)II[BI/IHYTBIX THUIIOTE3, l'[pI/I 9TOM OHH

000CHOBBIBAIOTCS U JOKa3bIBAIOTCA.

AHanu3 noay4eHHbIX

PE3YJIbTATOB, BEIBOJBI.

Ha nanHom 3tane yuamuecs aHaIU3UPYyIOT IOJyUEHHbIE
pe3yJIbTaThl pelIeHHsI IPOOIEMBbI U IPUXOIAT K
3aKJIIOYUTENBHBIM BbIBOJAM. [Ipu 3TOM naercs kpatkas
(bopMyIHpPOBKa U3YYEHHOTO MaTepHalia U MPOBOIUTCS

B3aMMOCBA3b C paHCC NU3YYCHHBIMH 3HAHUSAMU.

[IpoBepka pemeHus

poOIeMbl, YIPaKHEHUS.

JlaHHBII 3Tan 3aKI0YaeTcsl B OTBETAaX Ha BOMPOCHI,
pEILIeHNH 33724 U YIIPAXXHEHUH 10 pa300paHHOMY U

U3y4YEHHOMY MaTepuaiy.

3aganue Ha IOM.

CYH.IHOCTB oTalla 3aKIro4acTCd B YCBOCHHUH ITOJIYUCHHOT'O
MaTepuraja Ha YpPOKeE. HpCHOIlaBaTeJ'IL HacT 3aJaHucC OJId
HUHAUBHUAYAJIBHOT'O, TBOPYCCKOI'O ITIO3HAHUA

JOTIOTHUTEIHFHOTO MaTepHalia 1Mo MpOorHIeHHON mpooieMe.
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AHanu3 Tabmunpl 1 MOKa3bpIBaeT, YTO CTPYKTypa MOCTPOCHHS MPOOJIEMHOrO 3aHSTHUS
BCELIEJO BIMSAET Ha KauecTBO 00Opa3oBaTeNbHOTO IIpolecca Kak CcucTeMmbl. EauHCTBO
CHUCTEMHOCTHU OTpEeNseTcss Moa00pOM ONTUMAIBHBIX AJIIEMEHTOB M WX B3aUMOCBs3bI0. Ecnu
npenoAaBaTeslb UCKIIYUT U3 MPOOJIEMHOr0 ypoka Kako-mubo u3 3TamoB, TO GOpMUPOBaHUE
y4e0HO-TT03HABATEIHHON JIEATEIBHOCTH ydalerocss Hapymutcs. [lpu UCKIIOYeHHH TEepBOTO
dTama y CTyJeHTa, HampuMmep, MOTYT He C(OPMHUPOBATHCS OMOPHBIE TEOPETUYECKHE 3HAHUS.
COOTBETCTBEHHO 3aIlJIJaHUPOBAHHBIE PE3YyJIbTAThl OT MPOOJEMHOTO ypoka cHuzstcs. [lorTomy
OYEHb BaXXHO 00€CTIEUMBATh B3AMMOCBSI3b MEX/1y BCEMU dTallaMHU.

BaxHyro ponb B MCHOJB30BAaHUM TEAArOTMYECKUX TEXHOJIOTHH Ha TPAKTHKE WTPAIOT
PYKOBOJMTENN BBICIIUX Y4YEOHBIX 3aBEJCHUH, BEIb WMEHHO OHH TOCPEJICTBOM IPUMEHEHUS
CHUCTEM TIOBBIIICHUS KBaMU(PHUKAIMM KaJIpoB U caMOOOpa3oBaHMs JOJKHBI OCBavWBaTh
JTOCTHKEHHUSI HAyKU COBMECTHO C KOJUIEKTUBOM. [lo3urust pykoBoauTens y4eOHOTO 3aBelIeHUs
JOJI’KHA 3aKIIF0YaThCSl B TOM, YTO KaXKJI0€ 3aHATHE UMEET CBOIO OINPENEICHHYIO CIeU(UKY, HET
€AMHOM CUCTEMbI aHAIN3a JUCLUILINH.

[Ipu mpoBeneHUM aHanM3a 3aHATHS U YpOKa HEOOXOIUMO KOHKPETHU3MPOBATH, KAKOM
0o0beM 3HAHMU 3aIUTAHUPOBAH JJIS M3YyYEHHUs] TOM WJIM WHOW JUCLUUIUIMHBL, KaKOH ypOBEHb
3HAHUN HEOOXOAMM JUIsl KaKIOTO yYallerocsi, YeTKO JU OIpeAesieHa CTeneHb (PopMUpOBaHUS
3HAHUI W YMEHHM, BBISBICHBI JIM ACMEKThl JTUJAKTHUECKUX eI M CIOCOOBl MX peaTu3allui.
Ilocne dvero oneHuBaeTcs KaXKIbplii M3 3TAlOB MYTEM aHaJIW3a B3aUMOCBA3HM, COJAEPKAHUSA
TUAAKTUYECKHX 3ajlad. 3aBepIiaeTcs aHanu3 GopMUPOBAHUEM NPETIOKEHUH OT PyKOBOIUTEIIS.

OnTtumuzanust y4eOHOTO Mpoliecca OCyIIECTBISETCS 3a CUET TEKYIIETO TUIAaHUPOBAHUS U
HOPMHUPOBAHHUS, PAlMOHAIBLHOTO pachpeselieHus 00pa3oBaTelbHON NEATETHbHOCTH MEXAy ee
YY4aCTHUKAMHU, C HCIIOJIb30BAHMEM aHAIHM3a M KOHTPOJSI PE3yJIbTaTOB Y4eOHO-TI03HABATEIHHOU
nesitenbHocTH. B 80-¢ Tromer mpodeccop 0. K. baGanckuii roBopun o HE00XOIUMOCTH
ONTUMAIBLHOTO BapuaHTa oO0y4deHus. OH CUHMTAET, YTO 3aHMUMATHCS OJHUM aITOPUTMHUPOBAHHUEM
B OOYYCHHMH HEb3s. ABTOpP OOOCHOBBIBACT 3TO TE€M, YTO IMPH TOCTOSIHHOM 3aHSTHH PEIICHUEM
OJIHUX 3a/ad CHWkaercs 3PQPEeKTUBHOCTh pemlieHus Apyrux 3anad. C MOMONIBIO IICHXOJIOTO-
MEeAarornYCeKux HCCIEeIOBaHUI U TEOPeTHYECKUX OCHOB YympasieHus babanckum Obuin
pa3zpaboTaHbl CIIOCOOBI ONITUMH3AIIMK 00Pa30BATEIBHOTO MPOIIECCa U €T0 YIPABIICHHUS.

W3 BBILLIETIPUBEIEHHOTO aHAIU3a TOHUMAEM, YTO NEAaroruyeckas TEXHOJIOTHUS SABIISIETCS
pe3yJbTaTOM pa3padOTKU M OLEHKH IeIarOTHYEeCKHX CHUCTEM, KOTopas BKIIOYaeT B cels
MOCTAHOBKY TJIaBHOW IIeNK, CO3JaHHe Yy4eOHOro maTepuana A H3yYeHUs IUCIUIUIMH,
dbopMUpOBaHHE KPUTEPHEB OILICHKH KadecTBa YCBOSHUS W PE3yJIbTATOB MOJMYYEHHBIX 3HAHUU.
[ToaTOMy CHCTEMHBIN MOIXOJ TOMOJHAET COO0M Psii MEJArOrM4eCKUX CUCTEM, TaK KaK B HETO
BXOJIAT TEXHHYECKHE CPEACTBA W aJITOPUTM JIEHCTBUH, HYTO CIOCOOCTBYET JIOCTHIKEHUIO
KEJTaeMBbIX PE3yJIbTATOB BCEMHU YU4aCTHUKaMHU 00pa30BaTeILHOTO MpoIiecca.

Hecomuenno, st 3(PEeKTUBHOTO WCIMOJB30BAHUSA W BHEAPEHUS TEXHOJIOTHYECKUX
MOJIXOJI0B B TEJIarorHYeCKOM IMPOIIeCCe MBI JIOJDKHBI YAENSATh 0c000€ BHHMaHHE MOJTOTOBKE
MIPENOIaBaTeIbCKOT0 COCTaBa, OT KOTOPOrO BO MHOTOM 33aBUCUT KOHEUYHBIM pe3yJbTar
MOCTaBIICHHBIX 3a/ad. PemieHueM naHHOW mpoOiemMbl akTHBHO 3aHuUMaeTcss M.I. MuHuH, OH
TOBOPHUT O MIPUMEHEHWN MHHOBAIIMOHHBIX ()OpM TOBBIIICHUS KBaTU(pUKALIUU MPENnoiaBaTeneii B
CHUCTEME HEMPEPHIBHOTO OOPa30BaHMs, KOTOPHIE CIOCOOCTBYIOT MOJMYYEHHUIO KaueCTBEHHBIX
pE3yJIbTaTOB B PELIEHUH [TOCTABIEHHBIX 3a1a4 [7].

Pa3paboTka memarormueckux TEXHOJOTHH TO3BOJSET BBIJACIUTh HECKOIBKO HTAINoB
JNEATeTLHOCTH  BCEX  YYaCTHHKOB  00pa3oBaTeIbHOTO  IIpoliecca. Tonsko  mipum
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QITOPUTMHUPOBAHHOM M TIOCJIEIOBATEIIFHOM BBIIIOJHEHUH BCEX OHTAllOB JAHHOTO IpoIiecca
MOXHO JJOOUTBCSI peabHbIX, 3aINIAHUPOBAHHBIX PE3YIbTATOB.

B xone ananmmza ObUIM  BBISIBICHBI  CIEAYIONIME MPOOJEMbI TpH  BHEAPEHHU
MHHOBALIMOHHBIX TEJarOTHYECKUX TEXHOJIOTHH:

1. Henocratounocts uH(popMauu, HEOOXOAUMOHN i paOOTHUKOB 00pa3oBaTENbHBIX
YUpEKACHUH, KOTOpast ClIocOOHA 00eCTIeYUTh a1l TallI0 HAYYHBIX JJOCTHKEHUI;

2. OcHOBHOE BHUMaHHE TIpU pa3paboTKe 00pa3oBaTENbHBIX MPOTPaMM, CHUCTEM,
TEXHOJIOTUH U T.J., yJIeJIieMOe TOJIbKO COAEPKAHUIO 31eMeHTOoB. [Ipu pa3paboTke HE0OXO0IUMO
YUUTBHIBATh TEOPETHUECKYIO OCHOBY U JIOBOJUTH €€ JI0 YPOBHS TEXHOJIOTHH;

3. KocHOCTh pyKOBOIUTENEH W PYyTHHHOCTD MEIarOrHYECKUX CHCTEM, MPETSITCTBYOIIAs
3 PEeKTUBHOMY PEIICHHIO MOCTABICHHBIX 3a/a4.

[cuxonoro-nearornuecKie NCCaeI0BaHus MOKA3alIH, YTO MeIarorHuecKie TEXHOIOTHH,
B TOM 4YHCJIC W HHHOBALIMOHHBIE, JOJDKHBI MOBBIMIATE 3()(HEKTUBHOCTH 00pa30oBaTEIbHBIX
IPOIIECCOB, ONTHMU3UPOBATH yUe€OHO-BOCHHUTATENIbHBIE MPOLECCH M PElIaTh IJIABHBIE 3a]laud
HAIUX y4eOHBIX 1 00pa30BaTENbHBIX YUPEKICHUH.
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The Mediating Effects of School Reputation and School
Image on the Relationship between Quality of Teaching Staff
and Student Satisfaction in Higher Education in Hong Kong

1. INTRODUCTION

It is clear that as a result of Hong Kong’s higher education sector rapidly
expanding, the question of how students see their learning institutions is
assuming an increasing significance for stakeholders. The aim of this research
was to find out through student perception, the mediating effect of school
reputation and image on the relationship between quality of teaching staff and
student satisfaction in Hong Kong’s higher education sector.

Accordingly, the research investigated the respective influences of quality of
teaching staff, school reputation and school image on student satisfaction;
and examined possible mediating effects of school reputation and image on the
relationship between the quality of teaching staff and student satisfaction.

Full-time students of higher education institutions and universities in
Hong Kong were selected as the targeted participants in this research because,
according to [1,2] they are the primary customers of higher education in today’s
competitive consumerist society.

1.1 Background of the Study

Quality assurance (QA) in higher education is receiving an increasing
attention in many parts of the world as a result of the rapid expansion of this
sector and subsequent to recent education reforms, incurring thereby a need for
the sector to respond to these changes as well as to the trend of globalization, in
order to meet the expectations of communities as they develop into knowledge-
based societies. It is almost a universal consensus that, in the concept of
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quality in the context of higher education is multifaceted, value laden and
stakeholder-relative [3]. The nature of quality and its assurance has been taken up
recently in the academic and professional literature, and new interpretations
proposed [4,5] with various approaches to QA, such as total quality
management [6,7], external quality monitoring (EQM) [8] and performance
indicator [9,10] even practiced. A recent review of these approaches conducted
by [1] has indicated that as one moves from the higher levels towards the lower
levels, quality indicators that are of importance change and have a tendency
to get softer, signifying that they are much more subjective than the quality
indicators at the higher levels, such as students' attrition rates, and are more
related to student experience, such as the quality of teaching and learning and
student satisfaction with their various experiences.

1.2 The Higher Education in Hong Kong

Like many other jurisdictions, Hong Kong has been undergoing various
education reforms, especially in the past five years, to respond to the trend
of internationalization and globalization [11]. With the launch of the
Qualifications Framework (QF) in 2008 by the Education Bureau in Hong Kong,
the concern about the quality of different qualifications in the vocational and
academic sectors is becoming even more explicit. Furthermore, the number of
self-financing degree-awarding tertiary institutions in Hong Kong has increased to
six, providing a total of over 13,000 places. With the rapid expansion of post-
secondary education in Hong Kong, it has become necessary to address the
question of quality of the academic provisions concerned [12]. The volume and
diversity of the student body inevitably imposes different challenges on educational
institutions.

Hong Kong's higher education institutions, particularly the publicly
funded ones, are increasingly under public pressure to demonstrate and account
for their educational quality unambiguously and distinctly. However, the QA
practices as currently adopted are more included towards an accountability-led
view rather than an improvement-led view. Therefore, resources and efforts in
many institutions have typically been committed more to the institutional
aspects of the quality issues. Consequently, insufficient attention is paid to the
student aspects, in particular students’ experiences of various facets of their
academic lives, which should be of paramount concern in the recent education
reform of most countries, notably for the post-secondary sector in which a
substantial expansion of student participation has been taking place. In the
course of debates over various quality issues for higher education, a major focus
of this research is the centrality of the student perception. This research is
therefore conducted with the aim of finding out the mediating effects of school
reputation and image on the relationship between quality of teaching staff and
student satisfaction from the students’ perspectives.
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2. LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT

The following provides an overview of the literature concerning the higher
education sector in Hong Kong and investigates the roles of and relationships
among different marketing concepts, in particular the concepts of quality,
reputation, image and satisfaction in higher education provisions.

2.1 The Higher Education Market in Hong Kong

The Chief Executive of the Hong Kong Special Administrative Region
(HKSAR) pledged in his 2009-2010 Policy Address to invest in “education
services....to enhance Hong Kong’s status as a regional education hub” [13].The
objective was to strengthen the competitiveness of Hong Kong’s education sector,
enabling it to better capture the opportunities spawned by the enormous global
demand for higher education [11].

To the existing institutions of higher learning, these initiatives hold both
opportunities and challenges. Enroliment is expected to soar as lifelong learning
and increased intake of non-local students allow the institutions to widen their net
and at the same time to expand beyond their home market. However, the
government’s policy to encourage greater private sector involvement in higher
education implies that the status quo will be destroyed and the existing institutions
will be put into direct competition with both new and established education
providers from home and abroad [11].

Sitting on this cusp of tremendous change, it seems obvious that no
institutions of higher learning can now extricate itself from participating in market
competition. To operate as market competitors, higher education institutions have
to do more than just produce glossy brochures and stage expensive advertising
campaigns. They, like any marketers in a competitive market, are required to
consider what their customers need and perceive as good [14]. Although a
multitude of factors have been found to contribute to student satisfaction
subject to the specific segments of the higher education market under study,
quality of teaching staff, school image, and reputation are the three most
prominent drivers [15,16].

2.2 Quality Assurance in the Higher Education in Hong Kong

From quality as a process emerges the concept of quality assurance
(QA), which is a process-oriented system to ensure that the pre-defined standards
of an organization are met and best practices or procedures are complied with
[17,18,19]. It has become a trend in higher education provision across the world
that QA initiatives be advocated and followed through to ensure quality of activities
and continuous improvement [20]. In Hong Kong, QA is gaining prominence in the
higher education sector due to, inter alia, the reform and rapid expansion of the
education service in recent years, the urgent need to respond to the challenges
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of globalization, and the rising expectations of stakeholders [21,22].

The underlying principle for implementing QA in the education sector is to
ensure that the main actors at the forefront of teaching and learning (school
administration, teachers, students, parents and governing bodies) are committed to
improving education performance and at the same time are given the means to
see that the educational improvement objectives are implemented and fulfilled
effectively [23,24].

2.3 Quality of Teaching Staff

Research reveals that students value good teaching and that teaching
quality is directly related to students’ perception of the quality of the high order
learning provided [25,26]. However, quality of teaching, like quality in general,
is an elusive abstraction. Though different techniques and tools have been
proposed to evaluate teaching quality, it remains challenging to identify all the
traits of quality teaching, let alone assess the quality of an individual’s teaching
[25,26].

As[27]argued, to maintain or improve the quality of teaching, the teaching
staff needs to develop and excel in these capabilities. [28]pointed out that there
are four essential traits of good teaching: positive classroom climate, interest in
learning, lesson organization, and clarity. The literature wunderlines the
importance of knowledge, teaching skills, teacher sensitivity to student level
and progress, clear teaching goals, fair assessment, and encouragement of
independent thinking. And, in addition to pedagogical skills, good teachers need to
have passion and demonstrate strong enthusiasm for their students, for the subject
they teach and for teaching itself [29].

2.4 Student Satisfaction

One of the leading indicators of competitiveness in higher education
provisions is the level of satisfaction of a student with regard to his/her experience
from a particular institution [30]. Prior studies have given some slightly different
definitions to the concept of student satisfaction. For example, [31] define
student satisfaction as a “student’s perceived value of his or her educational
experiences at an educational institution”. [32]define student satisfaction as
“an evaluative summary of direct educational experience, based on the
discrepancy between prior expectation and the performance perceived after
passing through the educational cycle”. [33]defined student satisfaction “as
emotional or cognitive response or reaction to the learning experience”. Although
the definitions vary slightly from one to another, the common focus is on
measuring a student’s ex post evaluation of educational experiences. In this
sense, these definitions can be regarded as rooted in the earlier definition of
satisfaction developed by [34].

According to [35], student satisfaction is a perceived value. This
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perceived value is the outcome, the difference between expectation and
perception, of the student’s scrutiny of the value delivered by an educational
institution. According to the expectancy disconfirmation theory [34,36], feelings of
satisfaction or dissatisfaction arise when one compares his or her expectations
before a transaction with his or her perceptions after the transaction. In the
context of higher education, if a student's perceptions exceed his or her
expectations (a positive disconfirmation), student satisfaction may arise. On the
contrary, if a student’s perceptions fall short of meeting his or her expectations (a
negative disconfirmation), student dissatisfaction may arise [34,37].

2.4.1 Quality of teaching staff on student satisfaction

In marketing, service quality and satisfaction are two discrete but highly
interrelated concepts [38]. While a plethora of research has highlighted the
importance of product/service quality in driving customer satisfaction [14,34,39],
some scholars argue that satisfaction is the antecedent of quality [40].
Nevertheless, empirical findings conclude service quality causes satisfaction
[41].Service marketing tenets indicate the difficulties in delivering consistent
quality of service in order to satisfy customers [42,43,44,45]. The inconsistency
due to its innate characteristics of inseparability, heterogeneity, intangibility, and
perishability are applicable in relation to the quality of teaching at educational
institutions. The inseparability of the delivery from consumption of the service is
apparent in teaching as more than just the teaching material provided to the
students; the style of delivery and explanation of the content is essential to a
student’s understanding. It is evident that teaching style differs from teacher to
teacher, as does the style, the material provided, the knowledge delivered, and
even body language differs. Total satisfaction can be a challenge to achieve
as the acceptance of delivery style by one student can differ from another.
However, in examining the teaching quality and student satisfaction linkage in a
Canadian university, [46Jused two separate sets of student samples (70
undergraduate students and 94 MBA students) to investigate the influence of a
six teaching quality dimensions on student satisfaction in terms of course offerings
and instructors. The results indicate that teaching quality strongly influences
student satisfaction by showing that the quality dimensions explained 74% of
student satisfaction with the course and 67% of student satisfaction with the
instructors. It is expected that a similar causality may exist in Hong Kong’s higher
education sector. Therefore, it is hypothesized that:

Hypothesis 1. The quality of teaching staff as perceived by students positively
affects student satisfaction.

2.5 School Reputation in Higher Education

In the higher education environment, students may form a perception about
their institution and the specific course offerings. Similar to reputation in the
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business setting, an institution’s reputation hinges on deeds done in the past. If the
institution “repeatedly succeeds in fulfilling its promises, it should have a
favourable reputation, and inversely its expressed intentions may create a negative
reputation” [47]. A positive and long-standing school reputation is also a strong
indication of its high levels of quality and competence. [47]posited that “Institutional
reputation may be viewed as a mirror of the organization’s history that
serves to communicate to its target groups the quality of its products or services
in comparison with those of its competitors”. This quality may be reflected in the
school’'s capacity in meeting the expectations of the students, including their
expectations for teaching staff of high professional caliber and for teachers
who demonstrate characteristics of good pedagogical practice.

In addition, in the business sector, a good corporate reputation
reduces customers’ uncertainty in making buying decisions, boosts demand and
helps a reputable firm to sell more to achieve its ultimate goal of profit
maximization [48]. In higher education, a good school reputation also enhances
the prestige of an institution and mitigates students’ uncertainty in making
enrollment decisions. However, contrary to workings in the business world, high
levels of school reputation often lead to minimal sales. College aspirants will flood
the most prestigious institutions with applications, but the majority of them will
likely be disappointed since the supply of programmes is highly inelastic. In
business transactions, customer satisfaction may turn into dissatisfaction and hurt
the reputation of an institution if student demands cannot be adequately met for a
long time [49]. Consequently, education institutions have to work hard to maintain
their reputation and credibility. However, in the educational setting, the stricter the
admission criteria and the tougher the competition, the stronger will be students’
desire to be admitted and the higher will be the school reputation [50].

2.5.1 Quality of teaching staff and school reputation

Though the link between quality of service and reputation of the service
providers is well established in various sectors of the service industry [51,52,53], it
is still unclear whether a similar positive association exists between quality of
teaching staff and school reputation. In the higher education arena, there is a
growing production of perceptional ratings or league table rankings of higher
education institutions [54]. To gain a deeper understanding of the interplay
between the constructs of teaching quality and reputation in higher education, the
present research attempts to establish by empirical analysis whether there is
a direct relationship between the two constructs in the higher education setting in
Hong Kong. School reputation is measured by a 3-item scale developed by
[47] to assess the perceived competence of an institution in delivering what it has
promised, and the respondents’ overall perception of school reputation and school
competiveness. It is therefore hypothesized that:

Hypothesis 2. The quality of teaching staff as perceived by students
positively affects their perception of school reputation.
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2.6 School Image in Higher Education

Image and reputation are two closely intertwined concepts. There has been
much debate in the literature about the relationship between the
two.[55]pointed out that there is disagreement among scholars on how the two
concepts be defined and distinguished from one another. Some scholars, for
example, [56] suggested that image should be subsumed within reputation,
arguing that image is just one of the many components of reputation [55]. Despite
the different arguments, there appears to be a general agreement among scholars
participating in the debate that image is distinguished from reputation in that the
former is influenced by the everyday encounters between an organization and
an outsider. It is concerned with the outsider’s impression of an organization and
is likely to be influenced by things such as the name, logo, building, or even the
uniform or dressing styles of the staff members of a particular organization [57].
Reputation, on the contrary, is forged out of the more fundamental values of
leadership, competitiveness, expertise, product and service philosophy, culture,
and ethics which take a long time to cultivate and grow.

In the higher education setting, it is clear that school image is
becoming increasingly important. To attract good students in the globalized higher
education market and in order to maintain their profile and competitiveness,
institutions across the world have taken a proactive attitude towards image
building [58]. Despite this, school image remains an unclear concept and the
definitional dispute is often resolved by drawing strength from the established
conceptions and theories in business marketing [49]. Following this line of
thinking, the present research defines school image as the ideal impression that
a higher education institution would like others to see. The image of an institution is
measured by a 3-item scale developed by [47] to assess the respondents’ general
perception, their estimation of the perception of their peers, and the perceived
image of their own institution relative to other institutions.

2.6.1 Quality of teaching staff and school image

Prior studies on product or service marketing have confirmed the positive
role that image plays on product/service advantage and competitiveness [59].
Moreover, the above-mentioned inherent characteristics of service present more
challenges to build and sustain school image [42,43,44]. The intangibility,
perishability, heterogeneity and inseparability of service make its image more
vulnerable to variance in teaching quality, as image takes time to establish and
consistency is one of image’s most important requirements [43,60].Research on
corporate image has established that product/service quality is one of the
key determinants of good image [61]. It is expected that a similar causality may
also exist in the higher education sector as quality of teaching has a lot to do with
building up a favourable impression in the minds of the students. Therefore, it is
hypothesized that:

Hypothesis 3. The quality of teaching staff as perceived by students
positively affects their perception of school image.
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2.7 School Reputation and Student Satisfaction

Firm reputation, customer satisfaction and the link between these two
constructs is a relatively well-researched domain in management studies [62,63].
There is an abundance of empirical research, primarily from the perspective of
marketing, which demonstrates the casual link between the two concepts [64,65].
While prior studies on non-education service settings report a positive influence of
customer satisfaction on firm reputation [65], some other studies demonstrate
that the casual relationship is reserved [64,66,67]. The contrary findings have led
some scholars to conclude that the two concepts are in fact interrelated and
mutually interdependent [63,68].

The relationship between school reputation and student satisfaction in the
higher education market is a relatively understudied area of research, as treating
students as customers is, after all, relatively new and controversial [69]. Besides,
the student-institution relationship is growing in complexity due to massification
and globalization of higher education [49]. Nevertheless, as more college
aspirants are given access to more choices of institutions nowadays, school
reputation is becoming an increasingly important factor in their enroliment
decisions. For those who have made it to the best schools, the satisfaction is
beyond words. Therefore, it is hypothesized that:

Hypothesis 4. The reputation of a higher education institution as
perceived by students positively affects student satisfaction.

2.8 School Image and Student Satisfaction

Some prior studies have found that brand image exerts a positive
influence on customer satisfaction [39,70]. Other studies, however, claim that no
such link exists. For example, in their study of the image and satisfaction link in
the banking industry, [71] found that there is no direct influence of brand image
on customer satisfaction. [72]conducted a three-year longitudinal study on
various service sectors and confirmed the positive influence of image on customer
satisfaction. They found that the influence of image on customer satisfaction
increased over the three-year time span. In other words, the lack of influence of
image on customer satisfaction as revealed by previous studies might simply be
due to time lag or the existence of other factors mediating the relationship.

Although prior research has given moderate support to the influence of
image on customer satisfaction in various service settings, this research proposes
to extend the research scope to explore whether there is any positive influence of
school image on student satisfaction. Therefore, it is hypothesized that:

Hypothesis 5. The image of a higher education institution as perceived by
students positively affects student satisfaction.
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2.9 Mediating Roles of School Reputation and Image

School reputation and image are presented as mediators, as it is postulated
that the direct relationship between QTS and student satisfaction is intervened
by these variables. Mediation is the effect of an independent variable on a
dependent variable that goes through one or more third variables [73,74,75,76]. The
effect of mediation was recognized as early as 1928 but in recent years various
tests have been introduced to identify the exact nature of the mediation impact
[73,75,76,77].These interventions are recognized in the literature based on well-
rooted theoretical and logical arguments. This research recognizes reputation
and image as simple mediators that intervene the effect of OTS on SS separately
[63,68,71,78].

Students’ perception of school reputation is the first mediator proposed
in the present research. As discussed above, quality of teaching staff is
hypothesized to have a positive influence on student perception of school
reputation as well as image, and student perception of school reputation
and image positively influence student satisfaction. Therefore, it is
hypothesizes that:

Hypothesis 6. Student perception of the reputation of a higher education
institution mediates the relationship between quality of teaching staff and student
satisfaction.

Student perception of school image is the second mediator proposed in the
present research. As discussed above, quality of teaching staff is hypothesized to
have a positive influence on student perception of school reputation, and student
perception of school image is also hypothesized to have a positive influence
on student satisfaction. Therefore, it is hypothesizes that:

Hypothesis 7. Student perception of the image of a higher education
institution mediates the relationship between quality of teaching staff and student
satisfaction.

2.10 Research Model

Seven hypotheses have been developed based on the literature on the
marketing concepts of quality, satisfaction, reputation and image, and the
corresponding concepts in the higher education market. Based upon the seven
hypotheses developed, a research model (Fig. 1) was devised by adapting the
following sets of constructs from prior studies.
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Fig. 1. Research model

The research framework shown above consists of four constructs, with
one dependent variable named student satisfaction, two independent variables
(which also act as two mediating variables) named school reputation and
school image respectively and one independent variable named quality of
teaching staff.

3. METHODOLOGY
3.1 Sample

Full-time students enrolling in diploma or degree programmes at various
levels in all institutions offering post-secondary programmes in Hong Kong were
selected as the target population. This population served the purpose of the
research, which was to explore the perception of full-time students of higher
education on the mediating effects of school reputation and school image on the
relationship between quality of teaching staff and student satisfaction. This research
adopted a probability sampling technique in which samples were acquired by
random selection so that each individual within the population has an equal
opportunity to be selected. In this research, the researcher drew sample data of a
database extracted from two major public domain directories of higher education
institutions in Hong Kong: The University Grants Committee and the Education
Bureau, in which consist of the point of contact at every post-secondary institutes
in Hong Kong. A total of 2,000 copies of the questionnaire were sent to nine
institutions of higher education in Hong Kong. By the end of the survey period,



148 pplied Studies in America, Europe, Asia and Africa

1,170 responses had been received, representing a response rate of 58.5%. Of
the 1,170 responses received, 32 were invalid due to missing data, giving a total of
1,138 valid responses.

3.2 Research Instruments

From the literature review, the following four constructs were identified for
this research: Quality of Teaching Staff as the independent variable mediated by
the constructs of School Reputation and School Image as mediating variables

affecting the construct of Student Satisfaction as the dependent variable.

3.2.1 Quality of teaching staff

There is evidence that teaching quality of staff can be further enhanced
through student feedback with additional consultation, interpretation guides on
result and other relevant arrangement. This can also form part of the staff
development for improvement [79,80,81].The following measuring items are used
according to [34,82,83]. The measuring items for Quality of Teaching Staff are
shown in Table 1.

3.2.2 School reputation and school image

According to [84], institutional reputation is a sum total of a single
stakeholder’s perception of how well organizational responses are meeting the
demands and expectations of many organizational stakeholders. The reputation
of an organization is built through its credible actions [85]. School reputation and
school image were therefore intended to measure the reflection of quality and
services by studying the following three constructs: (a) impression, (b) reputation,
and (c) comparative advantage. The measuring items for School Reputation and
School Image are shown in Table 2 and Table 3.

3.2.3 Student satisfaction

The measuring items for Student Satisfaction are adopted from Bennett and
Rundle-Thiele, 2004; Oliver, 1980 and are listed in Table 4.
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Table 1. Measuring items for quality of teaching staff (Adapted from [82])

ID Questions (Constituent variables)

TS01 The teaching staff of my institution have appropriate academic credentials.
(Academic Credentials)

TS02 The teaching staff of my institution are incorporating appropriate use of
technology to teach. (Appropriate Use of Technology)

TS03 The teaching staff of my institution are effective communicators in the process of
lecturing. (Aware of Learning Needs)

TS04 The teaching staff of my institution are aware of my learning needs and | can seek
assistance from them. (Approachable and Friendly)

TS05 The teaching staff of my institution are approachable and display a friendly
manner. (Approachable and Friendly)

TS06 The teaching staff of my institution treat students with respect. (Respect
Students)

TS07 The teaching staff of my institution display positive attitudes to students and do
their best to help. (Positive Attitude)

TS08 The teaching staff of my institution display empathy when | have difficulty in
understanding a concept. (Display Empathy)

Table 2. Measuring Items for school reputation(Adapted from [47])

ID Questions (Constituent variables)

SR1 In general, | believe that my institution always fulfils the promises it makes to its
students. (Honouring Promise)

SR2 My institution has a good reputation. (Good Reputation)

SR3 | believe that the reputation of my institution is better than other institutions.
(Better Reputation than Others)

Table 3. Measuring items for school image(Adapted from [47])

ID Questions (Constituent variables

Si1 | have always had a good impression of my institution. (Good Impression)

SI2 In my opinion, my institution has a good image in the minds of its students. (Good
Image)

SI3 | believe that my institution has a better image than other institutions. (Better

Image than Others)

Table 4. Measuring items for student satisfaction(Adapted from [34,83])

ID Questions (Constituent variables)

SS1 | am satisfied with my decision to attend this institution. (Satisfied with Decision)

SS2 If I had a chance to do it all over again, | would still enrol in this institution.
(Convicted in Decision Made)

SS3 My choice to enrol in this institution was a wise one. (Wise Choice)

SS4 | am happy with my decision to enrol in this institution. (Happy with Decision)

SS5 | did this right decision when | decided to enrol in this institution. (Right Decision)

SS6 | am happy that | enrolled in this institution. (Happy on the Course)
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3.3 Data Analysis

The collected data were analyzed by the following quantitative methods.

3.3.1 Measurement assessment

The validity and reliability tests were used to evaluate the quality of the data
that collected for assessment of the constructs for further analysis. Cronbach’s
coefficient alpha (a) was adopted to assess the internal consistency reliability in
order to determine if the homogeneity of the items in the instrument are highly
correlated and support the construct. Cronbach’s coefficient alpha (a) has a
maximum value of 1.0. Therefore, the higher the coefficient approaches 1.0,
the more reliable are the measures. [86]suggested that the minimum
requirement of Cronbach’s coefficient alpha (a) is 0.6.

3.3.2 Factor analysis

Exploratory Factor Analysis (EFA) is used in this research as the factor
analysis technique to explore the wunderlying structure of a collection of
observed variables. Although the
constructs of this research adapted from previous studies with satisfactory level of
reliability, EFA is conducted in order to ensure the appropriateness of the
measurement constructs for the collected data.

3.3.3 Hypotheses testing

In this research, linear and multiple regression analysis were conducted to
test both direct and indirect influences of the independent variable of quality of
teaching staff, and the two mediators: school reputation and school image, on
the dependent variable of student satisfaction. Linear regression was used to test
the direct influence of quality of teaching staff, school reputation and school image
on student satisfaction. Each of the eight quality of teaching staff dimensions
was also tested independently using regression analysis to ascertain their
respective influences on student satisfaction. A mediator influences the
strength and direction of an independent variable on a dependent variable. The
effects of the two mediators in this research, school reputation and school image,
were tested with multiple regression analysis and a mediating effect was
considered existent if the multiplicative term, school reputation times quality of
teaching staff or quality of teaching staff times school image, was statistically
significant [76].

4. FINDINGS
4.1 Characteristics of the Sample

Table 5 below shows the characteristics of respondents in respect of gender,
marital status, age, and education level. Each of these characteristics are
benchmarked and compared with the characteristics of Hong Kong’s adult
population.
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Table 5. Demographic profile of valid respondents (n = 1138)

Respondents
Frequency Percentage (%)

Gender Male 431 37.9%
Female 707 62.1%

Age 18 — 21 854 75.0%
22 -25 269 23.6%

26 — 29 15 1.3%

Level of Study Associate Degree 448 39.4%
Higher Diploma 409 35.9%

Undergraduate 262 23.0%

Others 19 1.7%

Years of Study 1 year or less 377 33.1%
2 years 394 34.6%

3 years 280 24.6%

4 years or above 87 7.6%

4.2 Validity and Reliability Test

Factor analysis and Cronbach’s alpha are generally recognized as the most
popular validity and reliability approaches to test the quality of the collected data
[87,88]. In this research, exploratory factor analysis was used to extract the
underlying variables [88,89]and Cronbach’s alpha test was conducted to verify
the internal consistency of the questionnaire items loaded into each underlying
variable extracted [89,90]. In line with [89], questionnaire items of an underlying
variable with a Cronbach’s alpha value of 0.7 or higher suggest high reliability,
while those with a Cronbach’s alpha value not less than 0.6 are acceptable for
statistical testing.

4.2.1 Exploratory factor analysis

As all the measuring scales for each of the hypothesized variables in this
research were adapted from prior studies published in peer reviewed journals, it
was considered reasonable to assume that the validity of the measuring scales
were established by the researchers concerned and the reviewers prior to
publication. However, given that the wording was fine-tuned to suit the special
needs of this study, in order to ensure that the touch-up would not affect the
quality of the measuring scales; exploratory factor analysis was performed to
confirm the validity of the questionnaire [89,91].

Table 6 below shows KMO and that Bartlett’'s test outcome to ensure the
data collected meets the assumptions for EFA. The KMO measure of sampling
adequacy is 0.955 which is roughly the same of the minimum acceptable level
of 0.96 [88,89], indicating excellent sampling adequacy. Meanwhile, Chi-
square value of 15751.725, df=190 and p-value = 0.0001 (p<0.05), shows
identity matrix does not exists in the data collected for this research. Finally, the
number of items used in total is k = 20 and the sample size n=1,138, thus n/k =
1,138/20=57; which is greater than 5.
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Table 6. KMO and bartlett's test

Kaiser-Meyer-Olkinmeasure of sampling adequacy .955

Bartlett's Test of Sphericity Approx. Chi-Square 15751.725
Df 190
Sig. .000

Table 7 shows a pattern matrix that shows all the items are in their
corresponding components. Thus, all items used to measure the constructs for this
research were validated as satisfying the convergent and discriminant validity.

Table 7. Exploratory factor analysis on the constructs (n = 1138)

Questionnaire Items Component
1(SS) 2 (QTS) 3(Sl) 4(SR)

Student Satisfaction

SS1 0.924
SS2 0.883
SS3 0.882
SS4 0.879
SS5 0.843
SS6 731
Quality of Teaching Staff

TS1 0.826
TS2 0.818
TS3 0.810
TS4 0.799
TS5 0.795
TS6 0.704
TS7 0.685

TS8 0.675
School Image

SI1

SI2

SI3

School Reputation
SR1

SR2

SR3

0.859
0.853
0.687

0.863
0.769
0.684

Table 8 below shows a total of 71.08% of variance in responses to the
items posted in the questionnaire. Amongst this, 47.32% of variance was
explained by component 1 or student satisfaction, 13.34% explained by component
2 or quality of teaching staff, 6.70% explained by component 3 or school image,
and 3.72% explained by school reputation. The balance of 28.92% of information
that measures the constructs was lost during the data collection effort.
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Table 8. Total variance explained by QTS, SS, SR and SI

Component Initial Eigenvalues Extraction sums of squared loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %

SS 9.465 47.323 47.323 9.465 47.323 47.323

QTS 2.667 13.336 60.660 2.667 13.336 60.660

Sl 1.341 6.704 67.364 1.341 6.704 67.364

SR 743 3.716 71.080 743 3.716 71.080

4.2.2 Cronbach’s alpha for reliability testing

Cronbach’s alpha tests were conducted to measure the level of
internal consistency among the items in each of the four variables of QTS,
SS, Sl and SR [89]. Table 9 below shows the Cronbach’s alpha value for
these constructs with range from 0.860 to 0.940, indicating that the
measuring scales are reliable and the data have good internal consistency
for further analysis [89].

Table 9. Cronbach’s alpha values of variables

Variable Cronbach’s alpha Number of items
QTS 0.906 8
SS 0.940 6
SR 0.804 3
Sl 0.860 3

The measurement scales in the questionnaire were reliable and the data
collected from the nine institutions of higher education had sufficient reliability
and validity for hypothesis testing and further investigation. Prior to
hypotheses testing, the scores of the four underlying variables of QTS, SS,
SR and SI, were summated [88,89].

4.3 Hypothesis testing
The seven hypotheses developed were tested using simple and multiple
regression analysis.

4.3.1 Direct relationships

As hypotheses H1 to H5 are based on simple linear regression (SLR)
analysis and are essential in determining the eligibility of mediating constructs,
these were tested as follows.

H1: The quality of teaching staff as perceived by students positively
affects student satisfaction.

Table 10. Coefficient table for the relationship SS — QTS

Model Unstandardized coefficients Standardized coefficients T Sig.
B Std. error Beta
(Constant) 8.713 .962
QTS 486 .023 .524
a. Dependent Variable: SS
9.057 .000
20.751 .000
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Table 10 above shows t=20.75, p-value=0.0001 (p-value<0.05),
indicating the significant influence of QTS on SS. The 3=0.49, a positive value,
specifying the direction of QTS and SS are the same. Thus, H1 is supported.

H2: The quality of teaching staff as perceived by students positively

affects their perception of school reputation.

Table 11. Coefficient table for the relationship SR — QTS

Model Unstandardized coefficients Standardized coefficients T Sig.
¢} Std. error Beta

(Constant) 5.022 .500 10.053 .000

QTS .205 .012 447 16.854 .000

a. Dependent variable: SR

Table 11 above shows t=16.85, p-value=0.0001 (p-value<0.05),
indicating the significant influence of QTS on SR. The (=0.205, a positive
value, specifying the direction of QTS and SR are the same. Thus, H2 is

supported.

H3: The quality of teaching staff as perceived by students positively
affects their perception of school image.

Table 12. Coefficient table for the relationship SI — QTS

Model Unstandardized coefficients Standardized coefficients

Sig. B Std. error Beta
(Constant) 5.517 516 10.702 .000
QTS 197 .013 421 15.663 .000

a. Dependent variable: SI

Table 12 above shows t=15.66, p-value=0.0001 (p-value<0.05),
indicating the significant influence of QTS on Sl. The B=0.197, a positive
value, specifying the direction of QTS and S| are the same. Thus, H3 is

supported.
H4: The reputation of a higher education institution as perceived by

students positively affects student satisfaction.

Table 13. Coefficient table for the relationship SS - SR

Model Unstandardized cocfficients _Standardized cocfficients_T Si

Std. error Beta

(Constant) 11.398 .637 17.886 .000
SR 1.276 .047 .631 27.401 .000
a. Dependent variable: SS

Table 13 above shows t=27.40, p-value 0.0001 (p-value<0.05), thus

SR is a significant construct influencing SS, The =1.276, a positive value,
specifying the direction of SR and SS are the same. Thus, H4 is supported.
H5: The image of a higher education institution as perceived by

students positively affects student satisfaction.
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Table 14. Coefficient table for the relationship SS - Si

Model Unstandardized coefficients Standardized coefficients T Sig.
B Std. error Beta

(Constant) 10.930 .619 17.656 .000

SI 1.296 .045 .652 28.993 .000

a. Dependent Variable: SS

Table 14 above shows t=28.99, p-value 0.0001 (p-value<0.05), thus SI
is a significant construct influencing SS, The B = 1.296, a positive value,
specifying the direction of SS and Sl are the same. Thus, H5 is supported.

4.3.2 Mediating effects

Multiple linear regression was used to test the mediating effect of school
reputation (SR)on the relationship between QTS on SS met, Hypothesis 6
was tested using the following equations.

H6: Students’ perception of the reputation of a higher education institution
mediates the relationship between quality of teaching staff and student
satisfaction.

Table 17 shows t=20.751, p-value 0.0001 (p-value<0.05), thus QTS is a
significant construct influencing SS; and Table 15 confirms the model fit as F =
430.59, df = 1, 1136, p-value = 0.0001 (p-value < 0.05).

In Table 16 indicates, F = 505.712, df = 2, 1135, p-value=0.0001 (p-
value<0.05) whilst Table 18 shows that QTS: t = 12.54, p-value = 0.0001 (p-
value<0.05), thus, QTS positively and significantly influences SS. SR: t=20.53,
p-value=0.0001 (p-value<0.05), thus SR positively and significantly influences
SS.

In testing H6, the following equations were compared:

SS=8.71+0.49 (QTS) + e1
SS =3.68 + 0.28 (QTS) + 1.00 (SR) + e2

By using Baron and Kenny’s interpretation for testing mediating effects,
as in Table 18, B = 1.00 or SR is a significant variable, hence it is a mediator. In
addition, B = 0.28 (Table 18) is smaller than B = 0.486 (Table 17), indicating the
reduced effect of the independent construct (QTS). As Table 17 shows B =
0.28, so QTS is significant, the mediating effect of SR is deemed to be partial.
Thus, H6 is partially supported.

H7: Students’ perception of the image of a higher education institution
mediates the relationship between quality of teaching staff and student
satisfaction.
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Table 19 indicates that F=569.62, df=2, 1135, p-value=0.0001 (p-
value<0.05) whilst Table 20 shows that QTS: t=13.12, p-value=0.0001 (p-
value<0.05), thus, QTS positively and significantly influences SS in this
relationship. Table 20 also shows that Sl: t = 22.675, p-value=0.0001 (p-
value<0.05), thus Sl positively and significantly influences SS in this
relationship.

In testing H7, the following equations were compared:

SS=8.71+0.49 (QTS) +e3
SS =2.96+0.28 (QTS) +1.04 (SR) + e4

By using Baron and Kenny’s interpretation, Table 20 shows that f= 1.042
or Sl is a significant variable, hence it is a mediator. In addition, =0.28 (Table
20) which is smaller than =0.486 (Table 17), indicating the reduced effect of
the independent construct (QTS). As Table 20 shows B= 0.28, so QTS is
significant, the mediating effect of Sl is deemed as partial mediator. Thus, H7 is
partially supported.

Table 15. Model fit for relationship of SS — QTS

Model Sum of squares Df Mean square F Sig.
Regression 12434.838 1 12434.838 430.588 .000°
Residual 32806.242 1136 28.879

Total 45241.080 1137

a. Dependent variable: SS, b. Predictors: (Constant), QTS

Table 16. Model fit for relationship of SS - SR — QTS

Model Sum of squares Df Mean square  F Sig.
Regression 21318.212 2 10659.106 505.712 .000
Residual 23922.867 1135 21.077

Total 45241.080 1137

a. Dependent variable: SS, b. Predictors: (Constant), SR, QTS

Table 17. Coefficient table for the relationship SS — QTS

Unstandardized coefficients Standardized coefficients Sig.
B Std. error Beta
(Constant) 8.713 .962 9.057 .000
QTS Model .486 .023 .524 20.751 .000

a. Dependent variable: SS

Table 18. Coefficient table for the relationship SS - SR - QTS

Model Unstandardized Standardized Sig. Collinearity
coefficients coefficients statistics
B Std. error Beta Tolerance VIF
(Constant) 3.680 .858 4.291 .000
QTS .280 .022 .303 12.542 .000 .800 1.250
SR 1.002 .049 495 20.530 .000 .800 1.250

a. Dependent variable: SS
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Table 19. Model fit for relationship of SS - SI - QTS

Model Sum of squares Df Mean square F Sig.
Regression 22662.682 2 11331.341 569.618  .000
Residual 22578.398 1135 19.893

Total 45241.080 1137

a. Dependent variable: SS, b. Predictors: (Constant), SI, QTS

Table 20. Coefficient table for the relationship SS - Sl - QTS

Model Unstandardized Standardized T Sig. Collinearity
coefficients coefficients statistics
B Std. error Beta Tolerance VIF
(Constant) _2.964 838 3.538 .000
QTS .281 .021 .303 13.117 .000 .822 1.216
Si 1.042 .046 .524 22.675 .000 .822 1.216

a. Dependent variable: SS

5. DISCUSSION

This research has theoretical importance as it contributes to various
features of quality with a research model that describes and predicts the
effects of quality of teaching staff, school reputation and school image on
student satisfaction. While preceding readings of quality have mainly
emphasized on the direct influences of different magnitudes of quality of
teaching staff on student satisfaction, this research investigated the
complicated relationship among constructs. One of the major results is the
different degrees of influence that the quality of teaching staff has on
student satisfaction and the interface of these two with the hypothesized
mediators. School reputation was found to have a mediating effect on the
positive side of quality of staff but the effect was only partially significant. This
suggests that institutions with a good reputation may not be solely due to
the quality of teaching staff. However, institutions with a poor reputation can
be expected to be due to the quality of its teaching staff.

This research also confirms that the quality of teaching staffinfluences
student satisfaction. The impact of quality on some general business
settings has been widely analyzed in the literature, but no particular
research work has been put on how it can be applied in a pragmatic
educational setting. This finding has practical significance for policy setters
and administrators of higher education in Hong Kong, because for the last
thirty years the higher education in Hong Kong has been dominated by
government-funded universities leaving self-funded post-secondary institutions
to struggle for their market share of quality students. One way is for self-
funded post-secondary institutions to improve the quality of teaching staff so
as to attract more students to enrol in the school. Institutions should take
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heed that the path to successful education is to go back to the basics of
good teaching, using this aspect to build better reputation and image.

The findings of this research confirmed the positive effects of school
reputation and school image on student satisfaction. It is also a norm that
the majority of secondary school graduates in Hong Kong choose
universities or post-secondary institutions based on their brand name and
reputation. Self-funded institutions that are less reputable try to attract
potential candidates by emphasizing the quality of their teaching and
attempt to satisfy students by other means. With this information, higher
education administrators may wish to build up the reputation and image of
their institution by analyzing potential students’ needs and match those needs
with programme development and resource capabilities.

Educators need to concern over the quality of the programme, quality
of teaching staff, and learning resources caused by the over-enrolment were
expressed by stakeholders, including students, staff and alumni in late
2012, which resulted in a University inquiry into the operation of the
College and the Institute [92]. Since the incident had attracted public
attention and received wide media coverage, the University’s reputation
and image were seriously affected. The Inquiry Panel made twenty-nine
recommendations, eleven of which were related to students’ perception of
their teaching, learning and resources, seven to the University’s governance
and image, five to student admission and further studies, and five to the
quality of teaching staff. According to the Inquiry Panel, the majority of the
teaching staff was part-timers with insufficient experience or administrative
support and with a heavy workload. This could have been avoided if
management had taken timely action in staff recruitment and had provided
adequate administrative support.

The Lingnan incident also lends support to the findings of this
research that the quality of teaching staff significantly affects student
satisfaction, and that in turn student satisfaction has a highly significant
effect on school reputation and school image. Just as [85] opined, while a
positive reputation leads to perceived credibility a tarnished reputation
suggests a lack of credibility. As a consequence of the incident, Lingnan
University had to change its senior management, including the Dean of the
College, in order to re-establish its brand name and regain credibility in the
eyes of the public.

The measurement scales for this research met the reliability and
validity tests and were borrowed and modified to empirically substantiate
the influence of school reputation and school image on quality of teaching
staff and student satisfaction by using linear regression techniques. The
constructs were based on deeply rooted theory and Cronbach’s alpha tests
on all constructs met the minimum level of 0.7 as recommended by [89] for
highly reliable academic research. Furthermore KMO analysis showed that
the samples were more than adequate for this study. Validity tests were
based on factor loadings of 0.6167 to 0.791 for most constructs, except for
student satisfaction that loaded at 0.700 to 0.828. The latter could be due
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to the large variances amongst the six questionnaire items on student
satisfaction and the fact that it was the only dependent variable of the
research.

There are situations in Hong Kong that some universities have to
accept less capable students when there are many universities offering
undergraduate places to high-school leavers. It will be a challenge to
maintain the quality of student intake and some schools need to deploy
extra resources to help less capable students reach an acceptable post-
secondary education standard. These findings should prompt educators in
management roles to give thoughtful considerations to ways in which they
can enable students to achieve satisfaction in their post-secondary studies,
as the quality of graduating students may be another way of gaining a good
reputation and image for post-secondary institutions.

6. LIMITATIONS AND FUTURE RESEARCH

The first limitation of this research is the quantitative research
methodology and tools used to examine the relationships among the study’s
four constructs: school reputation, school image, quality of teaching staff, and
student satisfaction. It is highly likely some other constructs may exist that
influence or mediate the hypothesized relationships. The relationship of
influences displayed by different variables may shed further light on the
mediating effects.

The second limitation of the research is that its findings may not be
generalizable. Although data were collected from 1,170 respondents, a
number that undoubtedly enhanced the quality of the study, the findings
were substantially based on the perceptions of students studying sub-
degree programmes in Hong Kong. The sub-degree sample may affect the
applicability of the findings to other senior year students in undergraduate
studies. Future studies could be conducted to determine how generalizable
the findings of this research are to students studying other post-secondary
programmes in Hong Kong or in other educational jurisdictions.

The third limitation of the research is associated to the finding that the
two mediators,school reputation and school image partially influence the
relationship between quality of teaching staff and student satisfaction.This
finding suggests that the correlations concerned might be more complex than
originally hypothesized. It is therefore suggested that a qualitative case study
could be used as a primary tool to see how the different issues relate in a
dynamic situation.

Based on the findings of this research, a number of recommendations
are made for further related research. Firstly, as this research was applied to
full-time higher education students in general, it may be useful for future
research to concentrate on students of a specific discipline or on part-time
students since the majority of post-secondary full time programmes are also
offered in a part-time mode. In addition, the research findings revealed
that a positive relationship exists between the quality of teaching staff and
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student satisfaction and confirmed the mediating effect of school reputation
and school image. And, since results of the exploratory factor analysis
found that school reputation and school image form an underlying ‘school
branding’ superordinate variable, more research is needed to fully explore this
new variable and its relationship to the independent and dependent variables.

7. CONCLUSION

In order to attract high quality students in the globalized higher
education market and remain competitive, educational institutions across the
world are taking a proactive attitude towards image building [58]. This
research supports the findings of a longitudinal study by [72]confirming
the positive influence of image on customer satisfaction, which increased over
the three-year time span of their research It arrived at a similar finding of
image with respect to student satisfaction but over a much shorter
duration. This research also
provides empirical evidence to show educators and administrators of higher
education how important it is to enhance reputation and image through
student satisfaction with teaching and learning. Under such circumstances, it
is extremely important to cultivate an image-culture based on quality of
teaching and not totally on branding parallel with organizational vision and
structure, technical infrastructure, collaborative environment, and
appropriate training [93].This research provides help with building an image
by having studied the constructs of impression, reputation, and comparative
advantage, and confirming the causal relationship between satisfaction
and reputation and that the two concepts are interrelated and mutually
interdependent. This research also confirmed that satisfaction is the
antecedent of quality [40] and that a long-standing and positive school
reputation is also a strong indicator of its high levels of quality and
competence [47].

The findings provide help with building an image by having studied
the constructs of impression, reputation, and comparative advantage, and
confirming the causal relationship between satisfaction and reputation and
that the two concepts are interrelated and mutually interdependent. However,
since this research was carried out exclusively in Hong Kong, further
research is required in other jurisdictions to verify the adaptability of the
findings.
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