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ABSTRACT

Introduction: Stem cell is a miracle for treatment of all diseases including
anomalies for its multi-potency nature of cell differentiation. There are several
articles published on stem cell research and its applications. In this study, we ana-
lyze the stem cell research articles from January 2009 to December 2014, indexed
in Scopus database.

Aim: To find out the status and number of published stem cell articles with
bibliometric analysis indexed in the Scopus database in Indian scenario.

Material and methods: In this retrospective study, the number of publica-
tions on stem cell research, citation, distributions of journals of Scopus databa-
se were analyzed. Bibliometric indicators including total articles, independent
articles, collaborative articles, first author articles and corresponding author
articles were analyzed to compare publications between different countries and
organizations. All the data and information were retrieved from the Scopusdata
base on 27 October 2015 for a period of 2009 to 2014.

Results and discussion: The number of articles on stem cell research in-
creased year by year from 2009 to 2014. Similarly, from total articles, the number
of original articles is more as compared to other articles. It is found that the artic-
les from the medicine subjects are more than the other subjects. A total number
of 221 publications are cited by numerous authors in the field of stem cell. It is
found that the Indian authors published these documents with the collaboration
of other authors staying abroad. According to our study, Cell Adhesion and Migra-
tion journal published more articles in comparison to other journals. The impact
of top articles changed from year to year.

Conclusions: The comprehensive analysis of highly cited articles in the stem cell
field could identify milestones and important contributors, giving a historic perspec-
tive on scientific progress.

Corresponding author: Mahesh Chandra Sahu, Directorate of Medical Research, Institute of Medical Science and SUM Hospital,
Siksha ‘O’ Anusandhan University, K8, Kalinganagar, Bhubaneswar-751003, Odisha, India.

E-mail address: mchsahu@gmail.com.
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1. INTRODUCTION

Research on stem cell is a biomedical field of great expecta-
tions. It was 1949 when scientist John Hammond discov-
ered the method to maintain mouse embryos in culture in
vitro. Since, research with stem cells has developed to the
point where it holds very hopeful perspectives for the treat-
ment of thus far incurable diseases. At present, research is
mainly oriented towards developing new therapies for he-
matological, cardiovascular, neurodegenerative and genetic
diseases, as well as cancer and diabetes, among others.'™ Its
intrinsic nature makes stem cell research transcend to other
fields as diverse as politics, ethics, culture, and law, placing
it in the arena of social controversy. The use of bibliomet-
ric studies to comprehend and analyze scientific domains,’
together with the development and fine tuning of new tech-
niques and tools, facilitates decision-making in areas of sci-
entific policy and reflects the ‘state of the art’ of research at
a given time. These processes, necessary for the evaluation
of science®’ are a responsibility that no country can elude®
the evident connections between advancement through re-
search activity, economic growth, progress and the enhanced
well-being of society.” The number of scientific disciplines
interrelated by stem cell research lends it an interesting yet
complicated characters.! Its interdisciplinarity presents a
great challenge when delimiting and analyzing its thematic
composition, demanding a very precise analysis. Precisely
to face this challenge, bibliometrics has complementary
tools that more recently include social network analysis!!
and the visualization of scientific domains.!>*

When searching for reliable information, studies of this
nature have traditionally used bibliographic databases as
the most usual source.’® As it is not designed for this pur-
pose, the information they offer has demonstrated its bib-
liometric potential. However, they present limitations when
resolving specific matters, for example the precise definition
and delimitation of a topic. It is therefore essential to re-
veal the semantic structure established among documents
by means of the bibliographic information contained in a
database.

2. AIM

To find out the status and number of published stem cell ar-
ticles with bibliometric analysis indexed in Scopus database
in Indian scenario.

3. MATERIAL AND METHODS

Data used in this retrospective study were retrieved from
the Scopus database on 27 October 2015 for a period of 2009
to 2014. The database was searched under the keywords
‘stem cell,” ‘pluripotency’ and ‘totipotency’ in terms of topic
(title, abstract, author keywords, and Key Words Plus) with-
in the publication year with a limit of 2009 to 2014. Key

Words Plus supplied additional search terms extracted from
the titles of articles cited by authors in their bibliographies,
database and substantially augmented title word and author
keyword indexing.!* Non-article-type documents such as
reviews, meeting abstracts, editorial materials, proceeding
papers, letters, book chapters, news items, corrections and
notes were also included. The final filter was the front page,
in which only the articles having the search keywords in
their first page including article title, abstract, and author
keywords were retained.!” The number of citations of an ar-
ticle in a single year, for example 2012, was referred to as the
C2012 and the total number of citations since publication
up to 2012 was referred to as the TC2012.1%-" The collabo-
ration type was determined by the address of the authors.
Collaboration could be classified as either a single-country
article, in which all authors’ address were from the same
country, or an international collaborative article, which
was co-authored by researchers from multiple countries.?
The records were downloaded and reorganized using Mi-
crosoft Excel 2010. In the Scopus database, the correspond-
ing author was designated as the ‘reprint’ author; this study
instead used the term ‘corresponding author.’ In a single
author article where authorship was unspecified, the single
author was both first author and corresponding author. Sim-
ilarly, for a single institution article, the institution was clas-
sified as the first author’s institution and the corresponding
author’s institution.

4. RESULTS

After retrieving the data i.e. numbers of articles published
in the field of stem cell were documented from the year 2009
to 2014. It is revealed from the analysis that in each year the
articles on stem cell research were published and the maxi-
mum numbers of articles are published particularly in the
year 2013. It is documented in the Table 1. In total 221 num-
bers of articles were published during the studied period.
The average growth percentage of the published documents
is 20.79 (Table 1).

It is observed that documents on stem cell research were
7 types (Table 2). Among the 7 varieties of articles the origi-
nal article i.e. full length articles were 186 (Table 2). It is

Table 1. Year wise distribution of published documents.

Year  Number of documents Percentage Growth percentage
2009 19 8.61%
2010 30 13.57% 57.89%
2011 33 14.93% 9.09%
2012 44 19.91% 33.33%
2013 50 22.62% 13.64%
2014 45 20.36% -10.00%
Average growth
Total 221 100 percentage = 20.79
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Table 2. Different types of published documents.

Type Number of documents Percentage
Article 186 84.06%
Review 29 13.12%
Conference paper 2 0.91%
Book chapter 1 0.45%
Article in press 1 0.45%
Letter 1 0.45%
Short survey 1 0.45%
Total 221 99.99%

Table 3. Distribution of documents into different subjects.

Subject Number of documents
Medicine 143
Biochemistry, genetics and molecular

. 136
biology
Engineering 27
Materials science 17
Pharmacology, toxicology and pharma- 16
ceutics
Agricultural and biological sciences 14
Chemical engineering 14
Neuroscience 13
Immunology and microbiology 9
Chemistry 4
Physics and astronomy 3
Veterinary 3
Nursing and social sciences 2
Dentistry, Environmental Science,
Health Professions and Multidisci- 1
plinary

revealed that the original articles are 84% and rest articles
are 16% (Table 2). The documents are from different area of
the science. There are 143 articles published from the field
of medicine, which is the highest number from the other
area. Whereas, it is found that only 1 document is published
in each field of dentistry, environmental science, health pro-
fession and multidisciplinary (Table 3). Different articles
are cited with number of publications. In our study, it is
revealed that 1 article is cited 121 times whereas 47 articles
have no citations (Table 4). All articles are published by the
Indian researchers but few researchers from other countries
are also collaborative authors. Among the collaborative
authors, USA was the highest number of publications i.e.
23 (Table 5). All these Indian research papers on stem cell
are published through different sources. Cell Adhesion and
Migration is the highest preferred journal with more than
48% of publications and PLOS ONE is in the second posi-
tion with 12 nos of publications, where as 20 journals hav-
ing 2 publications each (Table 6). There are many Indian

Table 4. Indian research papers cited by other authors.

Number of Frequency of Number of Frequency of
articles citation articles citation
23 1 1 27
17 2 4 28
16 3 2 31
13 4 1 33
10 5 2 34
9 6 1 36
5 7 1 37
11 8 1 38
6 9 1 41
3 10 1 48
3 11 1 51
6 12 1 53
6 13 1 54
2 14 1 55
1 15 1 56
3 16 1 58
2 17 1 61
1 19 1 63
2 20 1 94
1 21 1 114
3 22 1 121
2 25 Total no. of documents = 221

Table 5. Geographical distribution of authors.

Name of the country 01;1;11111:}[1)2;

India 221
USA 23
Malaysia 9
South Korea 5
Germany 4
Singapore 4
Australia, Denmark and Saudi Arabia 3
Japan, Mexico and Spain 2
Bel‘gium, Canada, Irfm, Ita!y, Slovenia, 1
Switzerland and United Kingdom

researchers publish 221 papers in different journals. Among
them Mohanty occupies the top position with 11 nos of pub-
lications to his credit. Gupta, Verma and Bhonde are com-
bine in second position with 10 numbers of publications to
justify their performance and 13 researchers have 1 docu-
ment each (Table 7).
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Table 6. Documents published in different sources.

Name of the source

PLOS ONE

Stem Cells and Development
Cytotherapy

Cell and Tissue Research

Stem Cell Research and
Therapy

BM] Case Reports
Neurology India

Cell Biology International
Cytotechnology

Cell Transplantation

Biochemical and Biophysical
Research Communications

International Journal of Stem
Cells

International Wound Journal
Journal of Stem Cells
Stem Cells International

Trends in Biomaterials and
Artificial Organs

Hepatology International
Cancer Research
Human Cell

International Journal of Phar-
macy and Technology

Cell Biochemistry and Function
Cell Proliferation

International Journal of Phar-
maceutical Sciences Review
and Research

Journal of Tissue Engineering
and Regenerative Medicine

Journal of Translational
Medicine

Journal of the Indian Medical
Association

Nanomedicine

Current Stem Cell Research
and Therapy

Phytomedicine
Biomedical Journal

Research Journal of Phar-
maceutical Biological and
Chemical Sciences

Biomaterials
Journal of Cellular Biochemistry|

Stem Cells and Cloning Ad-
vances and Applications

International Journal of Pharma
and Bio Sciences

Journal of Stem Cells and
Regenerative Medicine

Cell Adhesion and Migration

Number
of docu-
ments

12

N N

[FORETVIRN O O N

107

Cumu-
lative
number
of docu-
ments

12
20
27
34

38

42
46
50
53
56

59

62

65
68
71

74

76
78
80

82
84
86

88

90

92

94
96

98

100
102
104
106
108

110

112

114

221

Percent-

age

5.42%
3.61%
3.16%
3.16%

1.80%

1.80%
1.80%
1.80%
1.36%
1.36%

1.36%

1.36%

1.36%
1.36%
1.36%

1.36%

0.91%
0.91%
0.91%

0.91%

0.91%
0.91%

0.91%

0.91%

0.91%

0.91%
0.91%
0.91%
0.91%
0.91%
0.91%
0.91%
0.91%

0.91%

0.91%

0.91%

48.40%

Cumu-
lative
percent-

age

5.42%
9.03%
12.19%
15.35%

17.15%

18.95%
20.75%
22.55%
23.91%
25.27%

26.63%

27.99%

29.35%
30.71%
32.07%

33.43%

34.34%
35.25%
36.16%

37.07%
37.98%
38.89%

39.80%

40.71%

41.62%

42.53%
43.44%
44.35%
45.26%
46.17%
47.08%
47.99%
48.90%

49.81%

50.72%

51.63%

100%

Table 7. Number of documents produced by each author.

Cumulative percentage of docu-
ments

9
9
8
8
7
7
7
7
7
7
5
5
5
5
5
5
5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3
3
3
3
3
3
3
3
3

Mohanty S
Bhonde R
Verma RS
Gupta PK
Trivedi HL
Totey S

Dave SD
Mukhopadhyay A
Rajkumar JS
Indumathi S
Vanikar AV
Majumdar AS
Dhanasekaran M
Sudarsanam D
Thakkar UG
Guhathakurta S
Jan M

Cherian KM
Kale VP
Prabhakar S
Mathews S
Marwaha N
Varma HK

Das AK

Anand A
Balasubramanian S
PalR

Afrin F
Limaye LS
John A
Harikrishnan R
Sreejit P

Bishi DK

TaM

Tripathi RP
Venkataramana NK
Venugopal P
Zakaria Z
Khandelwal N
Amarpal

Nair MB
Pawde AM
Mamidi MK
Gopal SC
Chaklader M
Das M

Law S
Kadalmani B
Aithal HP

Das P

Number

Name of the author

Bajaj M
Dhanasekaran M
Hardikar AA
Balaraju S
Mandal BB
Dixit A
Mohapatra PC
Chullikana A
Murthy TVRK
Lissa RP
Nath A
Pande G
Panilaitis B
Paspala SAB
Phadnis SM
Polisetti N
Poojitha R
Das B
Chopra G
Prasad K
Kirkland MA
Rallapalli S
Ramakrishna S
Ramakrishnan M
Ramesh T
Routray P
Roy P
Roy S
Sachdeva N
Sangeetha VM
Chelluri LK
Sarkar C
Seetharam RN
Kumar A
Bhansali A
Jindal N
Sharma MC
Sharma RR
Singh R
Bhartiya D
Srivastava A
Srivastava S
Airan B
Suri A
Suri V
Surolia A
Mathapati S
Kumar SR
Hinge A
Thej C

Number
of docu-
ments

S}

NN NN NN DD DD DN N DN NN DD DD DD DN DN DD NN DD D DN DN NN NN DD DN DN NN DNDNDDNDDNDNDNNDNDDNDDNDDNDDNDNN
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Table 7. No of documents produced by each author.

Number Number
Cumulative percentage of docu-  Name of the author  of docu-
ments ments
Al-Nbaheen M 3 Thrichelvam ST 2
Aldahmash A 3 Tiwari A 2
Gangenahalli G 3 Dubey PK 2
Gokulchandran N 3 Mathew SA 2
Chandra T 3 Jacob VC 2
PalR 3 Bansal A 2
Bhonde RR 3 Kumar AA 2
Pereira JA 3 Vemuganti GK 2
Kinjavdekar P 3 Maiwall R 2
Kulkarni P 3 Mishra R 2
Potdar PD 3 Gottipamula S 2
Seth T 3 Vidyasekar P 2
Sharma A 3 Gupta V 2
Sharma M 3 Viswanathan C 2
Dutta RK 3 Walia R 2
Basak P 3 Yadav PK 2
Taru Sharma G 3 Sarang S 2
Chaudhuri S 3 Bhaskaran S 1
Chatterjee S 3 Bhatia A 1
Behari M 3 Bhatia R 1
Vishnubalaji R 3 Bhatnagar S 1
Ghaskadbi SM 2 Bhattacharya AK 1
Kanmani A 2 Bhuvanalakshmi GB 1
Kannan S 2 BijuH 1
Gil ES 2 Binas B 1
Habeeb MA 2 Boccaccini AR 1
Kaplan DL 2 Bodakhe S 1
Badhe P 2 Bokara KK 1
Campos-Neto A 2 Borena BM 1
Jain KG 2 Boroujeni ME 1
S. DISCUSSION

In 2000, the Japanese government released a report that had
been on hold for a longer period of time. The report en-
dorsed the use of human stem cells in research-work.? The
draft report outlined a process for both publicly and pri-
vately funded scientists to follow in deriving and working
with stem cells. However, the number of stem cell research
collaboration in the UK and USA has not been affected
by the different national stem cell policies or regulatory
mechanisms that motivate international stem cell research
including other countries with which the USA and UK are
most often collaborated.?

Proffesor Shinya Yamanaka of Kyoto University of Japan
and the Gladstone Institutes, USA received the Nobel Prize
in physiology or medicine in 2012 for the discovery that ma-
ture cells can be reprogrammed to become pluripotent. In ad-
dition, Yamanaka has published 57 pluripotent stem cell ar-

ticles of which 4 articles ranked in the top 10 for TC2012 and
C2012, respectively, including the top ranked article entitled
Induction of pluripotent stem cells from mouse embryonic
and adult fibroblast cultures by defined factors® and second
ranked article entitled Induction of pluripotent stem cells
from adult human fibroblasts by defined factors.?* A steep
slope could be found with these two distinguished patterns
of citations per year. It has been noticed that in the highest
percentile, the top 0.1% of authors, a significant percentage
have won the Nobel Prize or eventually proceeded to win the
award in later years.” Nobel Prizes are the gold standard of
quality in scientific achievement in the fields where they are
given.? Furthermore, a high correlation between the biblio-
metric indicators and the number of Nobel Prize achieve-
ments was found in peace, economics, chemistry, medicine/
physiology and physics.?>?® This bibliometric investigation
of articles on pluripotent stem cell-related research has re-
vealed some interesting findings. In total, 221 articles were
published in Scopus indexed journal of 2009-2014 with
keyword ‘stem cell,” ‘pluripotent’ and ‘totipotency.’ Arti-
cles were published in 37 journal categories in the science
edition till 2014. Stem Cells and PLOS ONE were the most
common journals in pluripotent stem cell research. There
was a sharp increase in articles annually after 2012. Articles
without the required search words on their front page could
be still found in Scopus which is designed for researchers to
find literature but not for bibliometric study. The citation
lives of the top articles in total citations as well as in pub-
lication year and recent year showed that the impact of top
articles in a research field might alter according to novelty
and not only time. In general, the so-called ‘classic’ articles
had low citations in their publication year. The countries
like G7 (Canada, France, Germany, Italy, Japan, the United
Kingdom, and the United States) were part of the top ten
countries in terms of publication. It was noted that the USA,
as a country, contributed the most independent and inter-
nationally collaborative articles, as well as the most first and
corresponding author articles. Institutionally, Harvard Uni-
versity published the most inter-institutional articles and
overall articles, while Kyoto University published the most
first and corresponding author articles. The papers of the
Nobel Prize winner in 2012, Prof. Shinya Yamanaka, who
published four articles ranked among the top ten in terms
of total citations and citations in the most recent year, have
followed a distinguished pattern with steep slopes indicat-
ing rapidly increasing citation counts. Studies on induced
pluripotent stem cells and embryonic stem cells have been
found to be the most popular research focus in recent years
in pluripotent stem cell research. As seen by the popularity
of stem cell research in various countries and the acknowl-
edgment of the potential of pluripotent stem cells to aid in
patient specific therapies in our ever increasing elderly popu-
lation, regenerative medicine will continue to progress with
the advent of new research findings. With utologous hemat-
opoietic stem cell transplantation, the palifermin decreased
the incidence of severe oral mucositis (grade 3—4 WHO) by
19% (44% vs. 63%), however it did not contribute to the du-
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ration of oral mucositis and total parenteral nutrition use.
There were no differences in opioid use, incidence of fever
of unknown origin, severe infection, engraftment and gas-
trointestinal hemorrhage between groups. Five-year overall
survival was better in patients treated with palifermin. Only
in one patient generalized, itching rash was observed after
palifermin administration.” In an another study, it was re-
vealed that the divergences are attributed to differences in
cell preparations, the large number of stem cell types under
investigation in different clinical settings, timing, methods
of cell administration and characteristics of patients.>

6. CONCLUSIONS

The impact of top articles changed from year to year with
their citation. Top cited articles in previous publication
years were not the same as recent years. ‘Induced pluripo-
tent stem cell(s)’ and ‘embryonic stem cell(s)’ were the most
used author keywords in stem cell research. In addition,
the winner of the Nobel Prize in physiology or medicine in
2012, Prof. Shinya Yamanaka, published four of the top ten
most frequently cited articles.
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ABSTRACT

Introduction: CYP2C9 and VKORCI are important pharmacogenes for war-
farin dosing. Variability in response to warfarin therapy, which may carry fatal
consequences, have been explained by the presence of functionally relevant va-
riants of these genes.

Aim: This study investigated the prevalence and highlights the clinical im-
plications of some relevant variants of CYP2C9 and VKORCI in the Nigerian
population as they affect the safe administration of warfarin.

Material and methods: Genotype analysis via a Sequenom iPLEX platform
and direct Sanger sequencing was carried out in 158 healthy, unrelated subjects,
drawn from the main Nigerian ethnicities. The alleles screened for comprised
CYP2C9*2 (rs1799853), *3 (rs1057910) and *8 (rs7900194). Subjects were also
genotyped for VKORC1*3 (rs7294) allele.

Results and discussion: All the studied alleles were in Hardy-Weinberg
equilibrium, and CYP2C9*8 was the most prevalent CYP2C9 allele with a frequ-
ency of 0.073 in the population. The other CYP2C9 alleles, CYP2C9*2 and *3,
occurred at frequencies of 0.006 and 0.003, respectively. VKORCI*3, however,
was observed at a frequency of 0.437.

Conclusions: Although all alleles detected in the population are significan-
tly related to warfarin dosing, VKORC1*3 might be the most critical owing to
its high prevalence (108 out of 158) across individuals from different Nigerian
ethnicities. Plasma warfarin-level monitoring may also be desirable in instances
where individuals carry both the CYP2C9*8 and VKORC1*3 alleles, an occur-
rence observed in 9% of the studied individuals.
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1. INTRODUCTION

Warfarin is a widely-prescribed anticoagulant characterised
by a narrow therapeutic index and interindividual differ-
ences in response to its therapy. Its use spans the preven-
tion and treatment of deep-vein thrombosis, pulmonary
embolism, stroke and myocardial infarction.!* The drug is
often administered as a racemate with S-warfarin, one of its
enantiomers almost exclusively metabolised by CYP2C9,
predominating the exaction of warfarin’s inhibitory effect
on its target enzyme. This target enzyme, vitamin K, 2,3
epoxide reductase (VKOR), is encoded by vitamin K, epox-
ide reductase complex subunit 1 (FKORCI).?

The activity of VKOR usually generates reduced vitamin
K which is a cofactor for y-glutamyl-carboxylase, a critical en-
zyme in the blood coagulation process that activates the pre-
cursor-forms of blood clotting factors.* Warfarin’s inhibition of
VKOR and by extension a disruption of the blood coagulation
process underpins its delicate rational use as an anticoagulant.
Unfortunately, wide variations in plasma levels of warfarin does
carry a potential risk of major or fatal bleeding in humans, thus
necessitating the monitoring of prothrombin time (PT) often
expressed as an international normalised ratio (INR). The INR
is an index derived from the measurement of the sum of activ-
ity of the vitamin K dependent coagulation factors.!?

Although warfarin plasma levels is known to be affected
by gender, dietary intake of vitamin K, age and disease such
as liver dysfunction, genetic variability in genes encoding
CYP2C9 and VKOR, warfarin’s metabolic enzyme and tar-
get, respectively, impacts significantly on the safety of war-
farin therapy.'® Functional polymorphisms in the CYP2C9
gene, especially the *2, *3 and *8§ alleles which have previ-
ously been shown to result in decreased metabolism of CY-
P2C9 substrates, are potential sources of alteration in initial
warfarin dose sensitivity which often delays the attainment
stable maintenance doses, and increases the risk of adverse
events.>”® In the same vain, genetic variants of VKORCI have
been noted to be predictive of warfarin phenotypes and such
polymorphisms in this gene have been reported to account
for about 25% of variance in stabilized warfarin dose.” These
findings have reinforced the notion that the safe administra-
tion of warfarin may benefit hugely from pharmacogenetics.

2. AIM

A study of the prevalence of the main genetic contributors
to warfarin therapy in Nigerians, a population for which
genetic data for her many ethnicities is sparse, was hence
carried out to evaluate the potential usefulness of pharmaco-
genetics in warfarin therapy in the population.

3. MATERIAL AND METHODS

Ethical approval for this study was provided by the Ethics
Committee of Obafemi Awolowo University Teaching Hos-

pital, Ile-Ife, Nigeria. Study subjects — 158 non-related Ni-
gerians drawn from the main ethnicities (20 Hausa, 31 Igbo,
95 Yoruba, and 12 from some other minor ethnicities), who
had provided written informed consent — participated in
this study by providing 5 mL of blood which were collected
in EDTA bottles. Genomic DNA was extracted from blood
samples by a phenol-chloroform method and screened for
CYP2C9*2 (rs1799853), *3 (rs1057910) and *8 (rs7900194)
through the Sequenom MassARRAY platform (kits and
chemicals supplied by Agena Bioscience, San Diego, CA,
USA). VKORCI*3 was screened for by directly amplifying
the corresponding VKORCI locus and subsequently Sanger
sequencing the amplicons. The population data was assessed
for Hardy-Weinberg equilibrium with a Fisher’s exact test,
inferring statistical significance from P < 0.05.

4. RESULTS

Alleles detected in the population were all in Hardy-Wein-
berg equilibrium, and a detailed description of the popula-
tion data is provided in Table 1. CYP2C9*2 and *3 were
not detected in the Igbo and Hausa ethnicities, whereas
the CYP2C9*8 allele was most frequent in Yoruba with a
prevalence of 0.095. VKORC1*3 was detected across all eth-
nicities with a cumulative allele frequency of 0.437 in the
Nigerian population. In 158 studied individuals 14 were,
however, carriers of both CYP2C9*8 and VKORCI*3.

5. DISCUSSION

CYP2C9*2 and *3, alleles which had been predominantly
reported in Caucasians,'®!! occurred at frequencies below
1% in the Nigerian population. Although these alleles had
previously been shown to necessitate a 20% reduction in
warfarin dose for CYP2C9*2'? and 75% in Caucasians who
were homozygous carriers of CYP2C9*3,' their overall im-
portance for warfarin dosing in Nigerians may be limited
owing their low prevalence in the population. CYP2C9*8,
an allele quite prevalent across Nigerian ethnicities, may
be more critical for warfarin therapy instead. This allele is
known to exhibit significantly-lower catalytic activity for S-
warfarin compared with the wild-type from a study which
used recombinant CYP2C9 protein.® The likely importance
of this allele for warfarin dosing in the Nigerian population
is further reinforced by previous studies in South African
patients'* which found correlation between CYP2C9*8 and
warfarin variability, and in African-Americans by Cavallari
et al.’’ which observed a 19% reduction in median warfa-
rin dose (34.4 vs 42.5 mg/week) for homozygous and het-
erozygous CYP2C9*8 carriers. In addition, a similar study
of the role of CYP2C9*8 in warfarin therapy in another
African-American population by Liu et al.’® observed a
30% reduction in the unbound oral clearance of S-warfarin
and 25% lower R- to S-warfarin plasma levels in carriers of
CYP2C9*8 compared to the wildtype allele carriers. Among
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Table 1. Prevalence and distribution of allelic variants of CYP2C9 and VKORC] in the Nigerian population.

Nigerian ethnicities

Igbo
n =31

Allele prevalence

CYP2C9*2 (rs1799853) 1 -
CYP2C9*3 (rs1057910) - -
CYP2C9*8 (rs7900194) 1 3
VKORCI*3 (rs7294) 13 19
CYP2C9*2/VKORC1*3 1 -
CYP2C9*3/VKORC1*3 - -
CYP2C9*8/VKORC1*3 - 2
Allele frequencies

CYP2C9*2 (rs1799853) 0.025 -
CYP2C9*3 (rs1057910) - -
CYP2C9*8 (rs7900194) 0.025 0.048
VKORCI*3 (rs7294) 0.425 0.387

Yoruba
n =95
1 - 2
1 - 1
12 1 17
70 6 108
- - 1
1 - 1
12 - 14
0.005 - 0.006
0.005 - 0.003
0.095 0.042 0.073
0.474 0.292 0.437

Comments: * Isoko (n = 1), Bini (n = 4), Urhobo (n = 2), Ebira (n = 3), Ibibio (n = 2).

other findings from this group, as much as 30% lower intrin-
sic clearance of S-warfarin was also seen with the cDNA-
expressed CYP2C9*8 protein.

VKORCI1*3 (rs7294), another allele critical for warfarin
dosing, was found to be quite prevalent across Nigerian eth-
nicities, occurring in about 68% of the subjects, compris-
ing of 30 homozygous carriers and 78 heterozygous carri-
ers. This variant has been reported to impact significantly
on warfarin efficacy, especially at the early stages of therapy
commencement, in a study of 460 Chinese patients.!” The
same study observed suboptimal INR values in about 90%
of patients who were carriers of VKORCI*3 after 7 days of
daily 2.5 mg warfarin administration. Another study in Su-
danese subjects who had been on warfarin for at least three
months showed that the mean daily dose was about 14%
higher in homozygous and heterozygous VKORCI*3 carri-
ers,'® while variability in warfarin plasma levels and an ex-
pected adjustment of warfarin doses was also explainable by
VKORC1*3 in addition to CYP2C9*8 in South Africans.!
D’Andrea et al.,' however, reported a 24% increase in mean
daily warfarin dose for homozygous VKORCI*3 carriers in
a Caucasian cohort whereas dose requirements were similar
for heterozygotes and wild type carriers.

In the context of the Nigerian population, VKORCI*3
(rs7294) would appear to be the most critical genetic fac-
tor for consideration in warfarin dosing owing to its preva-
lence. Consequently, upward adjustment of maintenance
doses to achieve INR values indicative of optimal clinical
response would seem logical when suboptimal responses are
observed. However, the less prevalent CYP2C9*8 relative to
the VKORCI*3 allele in the population calls for a cautious
approach. Ideally, the presence of this allele, as shown from
previous data, would necessitate a downward dose adjust-
ment in therapy with warfarin. Incidentally, this is further
complicated by the likelihood of carriers of both CYP2C9*8
and VKORCI*3 in the population as seen in about 9% of

our study population. Such interesting occurrence of both
alleles in Nigerians emphasizes the huge relevance of ge-
netic screening prior to commencement of warfarin ther-
apy. Since there is no data, to date, quantifying the effect
of the co-presence CYP2C9*8 and VKORCI*3 on warfarin
maintenance doses, it becomes imperative that drug levels
be monitored until stability is achieved in individuals with
these alleles.

It is, however, worth noting that the small sample sizes
of the Igbo and Hausa samples analysed in the present study
may limit statistical projections for these ethnicities. In
any case, cohort studies which take into the consideration
the polymorphic forms of these genes, especially their co-
inheritance in individuals, while also monitoring response
to warfarin therapy in the population appears necessary.

6. CONCLUSIONS

In conclusion, this study reports that CYP2C9*8 and
VKORCI1*3 are prevalent pharmacogenes of warfarin ther-
apy in the Nigerian population. The distribution of these
alleles in the population clearly makes a strong case for
genetic screening prior to warfarin dosing, and drug levels
monitoring afterwards until stability is achieved in patients.
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ABSTRACT

Introduction: Hyperlipidemic and thrombotic events are the most common
risk factors for death related to cardiovascular diseases. y-Oryzanol (OZ) is the ac-
tive chemical constituent of Oryza sativa bran oil. It is reported for its antihyperlipi-
demic activity.

Aim: Our study was aimed to evaluate effect of OZ on atherothrombotic events,
i.e. hyperlipidemia and thrombosis in animal model.

Material and methods: Swiss albino male mice were divided into four
groups. Animals were treated with atorvastatin (2 mg/kg, p.o., as the standard
drug) and OZ (100 mg/kg, p.o.) up to 3 days. On the 3rd day poloxamer-407 (500
mg/kg, i.p.) was administered to induce hyperlipidemia. Thrombotic plaque was
induced using FeCl, (50%). Animals were sacrificed after 24 h from induction of
hyperlipidemia. Blood was collected for estimation of lipid profile, coronary dis-
ease risk factors, blood coagulation parameters i.e. APTT and PT. Liver was iso-
lated for estimation of oxidative stress parameters. Further, the effect of therapy
on thrombus formation was observed by histopathology of carotid artery.

Results and discussion: Treatment with OZ was found to improve the
serum lipid profile, reduce coronary risk factors, and to decrease oxidative stress.
Thrombus formation was found to be reduced on histopathological examination.
OZ prolonged APTT and PT.

Conclusions: OZ found to be therapeutically efficient in hyperlipidemic and
atherosclerotic risk management in the animals which may be due to its anti-oxida-
tive stress activity.
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1. INTRODUCTION

Hyperlipidemia has been considered as a predominant con-
tributing factor for atherosclerosis and resultant adverse
cardiovascular events.! Hyperlipidemia can be designated
as elevated cholesterol, and lipoproteins i.e. low density li-
poprotein (LDL) along with low or unaltered high density
lipoprotein (HDL) levels in blood.? Intraperitoneal admin-
istration of poloxamer-407 has been found to induce hyper-
triglyceridemia within 24 h. It deviates normal lipoprotein
level from its regular range by lipoprotein lipase inhibition
and HMG-CoA reductase up regulation, the enzyme for
regulation of cholesterol synthesis pathway.? Previous stud-
ies reported that poloxamer-407 elevates plasma cholesterol
and triglycerides following intraperitoneal injection.* It is
apparent that hyperlipidemia is responsible for thrombo-
sis, follows atherosclerotic vascular damage.” The athero-
sclerotic plaque formed in pathogenesis cascade, leads to
inhibition of visceral hemoperfusion and increased risk of
cardiovascular death and it gets ruptured after some time.
It subsequently damages endothelium followed by activa-
tion of platelets and coagulation factors which are liable for
thrombus formation.® Atrovastatin, a member of statins, in-
hibits HMG-CoA reductase in competitive manner,’ reduc-
es cholesterol biosynthesis, upregulates LDL receptor and
promotes uptake of LDL. Further it is reported to upregu-
late apolipoprotein Al (Apo Al) synthesis and HDL levels
by unknown mechanism.> Augmented risk of hyperglyce-
mia, cataract, erectile dysfunction and neurodegeneration
have been reported by statin treatment.” Since rhabdomy-
olysis is critical muscular problem found to occur after ator-
vastatin therapy,® requisite of substitute remedy has been
emerged to minimize such clinical event so that the global
burden of cardiovascular risk as well as drug related side ef-
fects could be abridged.

In current scenario the natural plant based nutritional
supplements are emphasized to rid the patients from sev-
eral diseases. Hence plant based nutritional and herbal by-
products are center of interest for investigation. Rice bran
oil contains various bioactive compounds with nutritional
values viz. polyphenols and their derivatives, ferulic acids
and their sterol esters i.e. cycloartenyl ferulate, 24-meth-
ylene cycloartenyl ferulate, campesteryl ferulate. Further
it is enriched with vitamin C, tocopherols, inositols and
phytidic acid.!®" y-Oryzanol (OZ), a ferulic esters’ combi-
nation, ameliorates lipid profile by regulating lipoproteins
and total cholesterol levels. Further it has been reported
for its atherosclerotic index reduction activity as well as
anti-lipid peroxidation profile by virtue of its antioxidant
activity.!?

2. AIM

The study was designed to evaluate potential of OZ for treat-
ment of hyperlipidemia and thrombotic events in animals
treated with poloxamer-407 and FeCL,.

3. MATERIAL AND METHODS

3.1. Chemicals

OZ was procured from TCI chemicals, India. Poloxamer-407
(Pluronic RF-127) was obtained from Sigma-Aldrich, USA.
Atorvastatin was gifted by Troikaa Pharmaceuticals, India.
Diagnostic kits for lipid profile were purchased from Lab
Care Diagnostics, India. Diagnostic kits for APTT and PT
were purchased from Diagnostica Stago, France.

3.2. Animals grouping and treatment

After approval of protocol for study by Institutional Animal
Ethics Committee (protocol no. IP/PCEU/MPH/14-1/010);
Swiss albino male mice (60-40 gm) were used for the study.
Mice were divided in different groups (each group n = 6) as:
normal control (NC), disease induced (DI), standard treated
(ST) and OZ suspension treated (OZS). NC and DI animals
were treated with 0.5% CMC for 3 days. In DI animals 30%
w/v poloxamer-407 (500 mg/kg, i.p) was administered on
3rd day to induce hyperlipidemia. In ST and OZS animals
atorvastatin (2 mg/kg per day, p.o.) and OZ (100 mg/kg per
day, p.o.) were administered respectively for 3 days before
administration of ploloxamer-407 to induce hyperlipidem-
ia. After 24 h of poloxamer-407 injection; blood and liver
samples were collected from animals to estimate various
biochemical parameters.

3.3. Determination of body weight

Change in body weight was measured before and after ther-
apy. The percentage change in body weight was calculated.

3.4. Estimation of lipid profile and coronary
risk predictor indices

Total cholesterol (TC), triglicerydes (TG) and HDL levels
were estimated in serum by procedure recommended by
commercially available diagnostic kits (LLab Care Diagnos-
tics, India). Serum VLDL and LDL were determined by
using Friedewald formula'®:

VLDL = TG/5,
LDL=TC-HDL - VLDL.

Next, coronary risk predictor indices i.e. atherogenic in-
dex (A" and LDL to HDL ratio®® were measured.

Al = (TC-HDL)/HDL.

3.5. Determination of blood coagulation para-
meters

APTT and PT were measured by use of commercially available
diagnostic kits from C.K. PREST, Diagnostica Atago, France.

3.6. Oxidative stress parameters

Animals were euthanized, livers were removed and washed
by ice cold buffer. Tissues were minced and homogenized
in buffer with pH 7.4 using 25 stroke of homogenizer
(Remi Motors) at the speed of 2500 rpm. Clear superna-
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tant was taken to estimate catalase activity (CAT),' super-
oxide dismutase activity (SOD)" and reduced glutathione
level (GSH)'® while tissue homogenate was used to esti-
mate malondialdehyde (MDA)® levels. All parameters were
measured as per previously described procedure.

3.7. Formation of thrombosis

In diazepam (100 mg/kg) and ketamine (80 mg/kg) anaes-
thetized mice; after exposure of carotid artery; 50% FeCl,
soaked whatmann paper piece (2 X 1 mm) was applied topi-
cally for 10 minutes to produce thrombosis. After 60 min-
utes of the paper application carotid artery was dissected out
and embedded in paraffin® and 5 wm thick sections were
taken after paraffinazation of the artery. Hematoxylin eaosin
was used for staining of the sections.?!

3.9. Statistical analysis

The statistical analysis was carried out by one-way ANOVA
followed by Tukey’s multiple comparison test using Graph
pad prism 5.03.

4. RESULTS

4.1. Body weight

After 3 days of treatment period, DI animals had exhibited
significant weight gain as compared to NC animals. ST and
OZS groups showed significantly reduced body weight com-
pared to DI animals (Figure 1).

4.2. Lipid profile and coronary risk predictor
indices

After treatment with poloxamer-407, TC, TG, LDL, VLDL
levels were elevated significantly in DI animals as compared
to the NC group. Significant increase in HDL level was ob-
served in the DI group. Significant reduction in TG, LDL,
TC and VLDL levels was observed in the ST and OZS

Table 1. Coronary risk factors indices.

Figure 1. Effects of OZ treatment on weight. Comments:
All values are expressed as mean = SEM;n = 6,* P < 0.05
vs. NC, # P < 0.05 vs. DL

group animals. Moreover, significant increase in HDL level
was observed in the ST and OZS animals. Similarly LDL
level was improved significantly in OZS treated animals
when compared with the ST group. The Al value, LDL and
HDL ratio were significantly increased in the DI animals.
However, all these values remained to be normal in the ST
and OZS groups (Table 1).

4.3. Blood coagulation parameters

Statistically insignificant reduction were observed in APTT
as well as PT values in the DI group compared to the NC
group. Pretreatment with OZ and atorvastatin prolonged
APTT and PT time as compared to the DI group (Table 2).

4.4. Oxidative stress parameters

After administration of poloxamer-407 significantly in-
creased MDA levels, reduced SOD, CAT activity and GSH
levels were observed in the DI group animals when com-

Groups NC DI

TC, mg/dL 102.41 = 4.46 875 £ 5.41*
TG, mg/dL 63.33 = 5.09 946.31 = 3.26*
VLDL, mg/dL 12.66 + 1.01 189.26 + 0.65*
LDL, mg/dL 21.56 = 3.89 589.91 = 11.91*
HDL, mg/dL. 71.18 = 5.54 32.18 + 2.14*
Al 0.5 = 0.09 9.43 + 0.97*
LDL and HDL ratio 0.36 = 0.09 7.18 + 0.78*

ST
367.50 = 8.90**

251.82 = 7.47**

50.36 = 1.4*#
184.76 = 9.37*#
132.36 = 6.9**

1.80 + 0.13*#

1.42 = 0.12%*

Comments: All values are expressed as mean = SEM;n =6, * P < 0.05 V5 NC, * P <0.05 Vs DI.

Table 2. Coagulation parameter results.

APTT (s)

PT (s)

Comments: All values are expressed as mean = SEM;n = 6.# P < 0.05 5 DI.

20.33 £ 0.92

11.83 +0.48

18.65 = 0.37

10.83 + 0.60

21.98 = 2.77*

12.50 = 1.76

0ZS
351.417 * 3.36**

469.78 £ 5.21**

93.95 + 1.04**

119.62 = 8.11**

137.83 = 6.40**
1.58 + 0.14**

0.89 = 0.11**

21.08 £ 0.73*

12.17 = 0.79
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Table 3. Changes in oxidative stress profile.

MDA levels, nmole/gm protein 0.53 = 0.06 2.98 = 0.65% 0.65 = 0.09* 0.36 = 0.07*#
SOD activity, U/min/gm protein 4.00 = 0.44 1.44 + 0.29* 4.39 + 0.29# 2.74 = 0.49*
CAT activity, U/min/gm protein 0.03 = 0.00 0.02 = 0.00* 0.05 = 0.00* 0.04 = 0.00*
GSH levels, ug/ mg protein 6.09 = 0.20 4.25 = 0.06* 6.31 = 0.23# 5.80 + 0.16*

Comments: All values are expressed as mean = SEM; n = 6. *P < 0.05 vs. NC, # P < 0.05 vs. DI.

Figure 2. Hematoxylin-eosin stained cross section of carotid arteries: NC group (A), DI group (B), ST group (C), OZS group (D).

pared with the NC group. Significantly reduced MDA lev-
els, increased SOD, CAT activity and GSH levels were ob-
served in the ST and OZS groups when compared with the
DI group (Table 3).

4.5. Histopathology

Histopathological study showed thrombus formation and
atherogenicity in poloxamer-407 administered (DI) animals.
Significant damage in endothelium cells of all carotids arter-
ies was observed. In poloxamer-407 treated animal severe
destruction of central lipid layer and endothelial cells was ob-
served. However in the ST and OZS groups significant reduc-
tion in damage to endothelium and lipid core were observed
as shown in Figure 2.

5. DISCUSSION

Atherosclerosis and hyperlipidemia have been found as
major factor for cerebrovascular diseases, coronary artery dis-
eases and peripheral vascular diseases.?»?

Poloxamer-407 treated DI animals exhibited increased
body weight. OZS animals exhibited comparatively nor-
mal body weight. Increased serum TC, TG and LDL levels
increases risk of coronary heart disease.’*? Poloxamer-407

increases TC, TG, LDL, VLDL levels.?® In the present in-
vestigation, DI animals showed significantly elevated TC,
TG, VLDL and LDL levels by up regulation of HMG-CoA
reductase enzyme 3 and decreased HDL levels. In previous
studies OZ had been found to reduce TC, TG, VLDL as well
as LDL and elevate HDL levels."! In current study OZS ani-
mals exhibited improvement in lipid levels by decreasing
TC, TG, LDL as well as VLDL levels and elevating HDL
level. Poloxamer-407 has been reported to increase Al, which
is a marker of atherosclerosis.?” Our study also reports raised
value of Al in DI animals which was found to be lower in
OZS animals as compared to DI animals. LDL and HDL
ratio is a marker of vascular risk which should be low for
preventing the coronary disease risks. DI animals exhib-
ited high LDL and HDL ratio and were found to be ath-
erogenic. However, all these values returned to the normal
levels by OZ treatment. Hypercholesterolemia is convicted
to be the risk factor for accumulation of oxidized LDL (oxi-
LDL) which accelerate foam cells formation and cascade
of several atherosclerotic events.?*? Oxidative stress occurs
when antioxidant/prooxidant homeostasis is imbalanced
and reactive oxygen species (ROS) production is elevated.®
Lipid peroxidation leads to the production of MDA as a by-
product®® which is detrimental to body. Poloxamer-407 has
been reported to aggravate oxidative damage and formation
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of oxi-LDL.3? Antioxidant enzymes inhibit the lipoprotein
oxidation which in turn provides a supportive mechanism
for defense in the body against ROS and decreases the risk
of atherogenesis. In our study because of elevated cholesterol
and LDL levels in the poloxamer-407 induced atherosthrom-
botic animals MDA levels were found to be upraised with re-
duction of anti-oxidative enzymes i.e. SOD, CAT and GSH.
Moreover, OZ significantly inhibited lipid peroxidation. It
markedly improved the antioxidant enzymes such as CAT
and GSH levels which collectively indicated a protective and
preventive effects of OZ in oxidative stress induced athero-
thrombotic complications. No significant changes in SOD
activities were observed in our study. Oxidative stress in
metabolic syndromes are associated with thrombotic events
in the body.?* Studies reported the hyperlipidemia and hy-
percoagulability markers such as APTT and PT are associ-
ated with each other.?* In previous studies, it is reported that
on endothelial cells, accumulation of spherical bodies filled
with ferric ion reacts to adhere as well as support formation
of aggregates. So FeCl, can promote this effect in carotid ar-
tery. It can also affect the function of adhesion proteins like
fibrinogen, collagen, von Willebrand factors and thereby
promote platelet adhesion.*3¢ In our study APTT and PT
were reduced in the DI animal group in statistically insignif-
icant manner which were maintained to the normal by pre-
treatment with OZ which indicates positive effect on both
intrinsic as well as extrinsic coagulation process.

Histological study of carotid artery, showed reduced
damage of endothelial and lipid layers with OZ treatment
which indicated beneficial effects of OZ against thrombotic
events. Hence OZ improves serum lipid profiles, reduces
coronary risk factors, decreases the oxidative stress in the
body, affect coagulation pathways, and decreases the risk
of thrombus formation in atherosclerotic/ hyperlipidemic
mice.

6. CONCLUSIONS

OZ has beneficial effects on hyperlipidemia and athero-
thrombotic events mainly by improvement of lipid profile,
inhibition of thrombotic events and anti-oxidative stress ef-
fects.
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ABSTRACT

Introduction: Obesity has been reported to develop lung problems and causes
a significant medical health problem for the future of student’s health.

Material and methods: This is a cross-sectional study among 255 581 stu-
dents aged 7-22 years-old. Electronic spirometer device was used for diagnose
of lung conditions, and ultrasonic scale machine (SY133) was used to measures
body weight and height. BMI was calculated based on Chines Working Group on
Obesity in China (WGOC) standard.

Results: Mean of lung capacity volume (mL), and the ratio of vital lung capa-
city and BMI (mL/kg) in males were significantly more than females (P < 0.001),
also the differences in lung volumes by gender was reported within the 13 cities
in Jiangsu Province. Lung capacity (mL) was showed significant positive associa-
tion with height (r = 0.70, P < 0.001), weight (r = 0.60, P < 0.001) in males and
body height in females (r = 0.54, P < 0.001), respectively. The significantly low,
moderate positive association was reported in males lung capacity volume (P <
0.001) compare with the negative association in females within the ratio of vital
lung capacity and BMI (P < 0.001). BMI, as reported, lowers association values
of lung volume.

Conclusions: We found that age gender has significant effects on lung capacity
volumes, and obese students were noticed lower lung volumes. Therefore, compre-
hensive intervention measures dominant by physical exercise should be adopted to-
wards student’s health.
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1. INTRODUCTION

Obesity increases at an alarming rate in the world’s popula-
tion, including the Chinese communities.'* It is estimated
that 150 million adults and 15 million children are obese,
and almost 30.4 million overweight or obese children and
adolescents of China in 2010.*

Some studies show increasing of obesity incidents in
China, owing to rapid economic development and dramatic
transitions in lifestyle of Chinese populations.!->*

However, its cure has remained mostly ineffective, fol-
lowed by the poor physical activities among students which
reported causing numerous health problems, such as dam-
aged lung function in children and adolescents.®

Lately, obesity reports cause a significant change in the
respiratory system, resulting in loss on thoracoabdominal
synchronism.” Despite the fact that other studies reported
that obesity has a clear potential direct effect on respiratory
function, since it increases oxygen consumption and car-
bon dioxide production,® and also appeared in causes of an
adverse impact on lung volume and capacity, decreases the
lung volumes and increase the incidence of asthma.

Recently, other data also showed that higher BMI is asso-
ciated with increased forced lung capacity and forced expira-
tory volume during one second in females and males.” Fur-
thermore, there was the exponential association between BMI
and lung capacity had been reported in children at overweight
and obese level.!%!! Others researchers showed an inverse as-
sociation between anthropometric variables with pulmonary
values among fat adolescent boys in Baroda city, Gujarat.'?

There is substantial evidence that the spirometric vari-
ables were an essential factor to identify the respiratory
diseases. The reports show forced expiratory volume in one
second and forced vital capacity, tend to decrease with in-
creasing BML>!° however, there was a small, remarkable ef-
fect which has usually presented within the normal range in
healthy people, children and obese adults.!?

Moreover, such a strong association between lung ca-
pacities has been reported in decline by an average of the
national level among students in Shandong University. Ow-
ing to the lack of adequate physical fitness activities among
student, such as long-distance running, cycling, swimming,
and another endurance exercise, etc.!*

In spite of, the overwhelming number of published ar-
ticles on influence of obesity on pulmonary function in
worldwide.*'%* More recently Musa et al. reported results
increasing of BMI levels among students aged 7-22 years in
Jiangsu province, which may have further future health con-
sequences to student health status.?

However, studies investigating lung capacity in obese
children and adolescent is few.!* Hence, the present study
was aimed to investigate the association between BMI and
the lung capacity volumes in school children and adolescent
in Jiangsu province, China.

In spite of, many articles have been published on influ-
ence of obesity on pulmonary function in the worldwide.!%!2
Even though, obesity has reported increasing among student

in Jiangsu Province,? furthermore, BMI was reported had re-
ported effects on lung function that can reduce respiratory
well-being, while others numerous studies have reports of
the relationship between BMI and lung capacity in many ar-
eas, but yielded inconsistent results.!->1314

But up-to-date there has never been a large study show-
ing the association between BMI and the lung volumes
among of students in Jiangsu Province, China, we consider
more studies were required for the future of student’s health.

2. AIM

This study aims to determine whether there is a relation-
ship between lung capacity volumes values and BMI levels,
height, weight among students aged 7-22 years old.

3. MATERIAL AND METHODS

3.1 Design

This study utilized cross-sectional analysis based on four-
wave students’ physical fitness and health surveillance data-
base for years 2010-2013.

3.2 Study area

The study is conducted in Jiangsu province Jiangsu, the 3rd
smallest province, which is located in the eastern-central
coastal of the People’s Republic of China, but the Sth most
populous the most densely populated of the 23 provinces of
the People’s Republic of China (PRC), covering 102 600 km?
with an approximate population of 74.058 million.

3.3 Participants

Participants were male and female students aged 7-22-year-old,
who were participated voluntary in student’s physical fitness
and health survey. The exclusion criteria included students did
not take part in lung capacity test and complete anthropometric
measurements tests. Finally, a total of 127 866 males and 127 715
females students from 82 schools and 10 universities were par-
ticipated in the study and completed the demographic character-
istics of the study population as presented by Musa et al. (2017).2

3.4 Procedures

Ethical approval for the study was provided by from the
Ethics Committee of Student’s Health Literacy Promotion
and Research, Jiangsu Province, China and Institutional
Review Board of School of Public Health, Southeast Uni-
versity. Verbal informed consent was obtained from all sur-
veillance before the study was conducted.

Before conducted lung capacity test, participants were
requested to fill the basic demographic information.

Measurements of maximum breathing capacity were made
on 255 581 Chinese students used the electronic spirometer to
obtain the vital lung capacity and a ratio of lung capacity and
BMI volumes for each subject. The overall measurement was
performed by and well-trained physicians during the physi-
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cal fitness and health survey. The lung capacity test was con-
ducted by measuring how much air subjects can breathe out
in one forced breath. While vital lung capacity per BMI refers
to the ratio of vital capacity to body weight. The relative value
of the ratio of lung capacity and body weight is reflected by
reflecting the relative value of vital function per kilogram of
body weight. Measurement of lung capacity (mL) and a ratio
of lung capacity and BMI (mL/kg) was taken for the overall
sample by following the guideline of student’s health promo-
tion activities and sport universal protocols.

Ultrasonic scale machine (Chines, SY133) was used to the
height of the subject nearest 0.1 cm, while weight was meas-
ured to the nearest 0.1 kg with subjects wearing light school
uniform, with empty pockets and without shoes. The BMI was
calculated as body weight in kilograms divided by the square
of height (kg/m?). All anthropometric equipment was cali-
brated before the assessment. BMI index cut-off points were
calculated based on the Chinese Working Group on Obesity
standard.'>'® Well-trained health staff completed overall body
measurements including height and weight during the period.

3.5 Data analysis

Data for the continuous variable are presented as mean =+
standard deviations. Comparison of the differences vari-
ables was tested using Student ¢-test or one-way analysis
of variance. Pearson’s correlation coefficient (r) was used
or correlation test for the relationship between anthropo-
metrics variables and lung capacity. All statistical analyses
were performed using Statistical Package for Social Sciences
(SPSS, v. 19.0, Chicago, Illinois, USA) with the level of sig-
nificance set at 0.05 for all tests.

4. RESULTS

A total of 255 581 schoolchildren and adolescents aged
7-22-year-old were involved in the study with male 127 866
and female 127 715, respectively. Males groups had a higher
mean of lung capacity (A) and ratio of lung capacity and BMI
(B) when compared with the female’s student (Figure 1).
The relationship between anthropometrics and lung
capacity regarding Pearson correlation is shown in Table 1.

Table 1. Correlation between anthropometrics and lung ca-
pacity volume by gender.

>

()

o

o

o
J

--0--Male --0--Female

3 pE
3000 - i'

e
o (4]
o o
o O
1 1

500

’
’ -
’ -
.
.

g’é—-@‘{* et

-
o
o
o
1

LN N B L N

11 12 13 14 15 16 17
Age (Years)

T LA B L L B |
10 18 19 20 21 22

w

09 i Male ---- Female

65 |
. B R R
i
55 A Pid
50 A

45 { E*

Mean of capacity/BMI (ml/kg)

40 A

11 T e e e e o e e e e e e B B e e e e e B e e e e S B e |
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Figure 1. Mean of Lung capacity (A) and Lung capacity/
BMI (B) values in male and female.

There was the strong positive correlation between body
height and lung capacity (mL) in male compared with mod-
erate positive associations with female students (P < 0.001).
Furthermore, significant weak negative correlations be-
tween BMI and ratio of lung capacity and BMI with males
and females (P < 0.001).

The stratification of lung volume by age groups shows in
Table 2. The reported average of lung capacity measurement
in male groups had the higher significant average mean of

Table 2. The effect of age groups (years) on lung capacity by
gender.

Variables

Males (127866)

Females (127715) P value

Mean = SD Mean += SD

Study variables Pearson correlation
Males Females
Lung capacity (mL)
Height, m 0.70 0.54 <0.001
Weight, kg 0.60 0.49 <0.001
BMI, kg/m? 0.30 0.29 <0.001
Ratio of lung capacity and BMI (mL/kg)
Height, m 0.03 0.06 <0.001
Weight, kg -0.08 -0.20 <0.001
BMI, kg/m? -0.32 -0.31 <0.001

Lung capacity (mL) by age groups
7-11 1671.84 + 485.17 | 1510.77 + 450.18 | <0.001
12-14 2981.43 + 745.81 | 2373.79 + 579.69 | <0.001
15-17 3880.34 = 798.53 | 2642.25 + 596.24 | <0.001
18-22 3972.67 = 772.30 | 2615.18 = 543.80 | <0.001
Lung capacity/BMI (mL/kg) by age groups
7-11 48.35 + 14.86 46.38+14.19 <0.001
12-14 56.92 + 14.27 48.31+12.99 <0.001
15-17 62.41 + 13.27 50.04=11.73 <0.001
18-22 61.52 £ 12.21 56.38+15.59 <0.001
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Table 3. Effect of BMI level on lung capacity by gender.

Variables, BMI groups Mean = SD F value P value
Males, lung capacity (mL), BMI level
Normal weight 3605.39 = 988.21
Over weight 3672.08 = 1142.20
) 275.87 <0.001
Obesity 3277.32 = 1233.73
Total 3589.52 + 1044.03
Females lung capacity (mL), BMI level
Normal weight 2469.44 + 657.31
Over weight 2557.35 + 724.20
) 85.41 <0.001
Obesity 2305.74 + 828.54
Total 2472.53 + 674.28
Males, lung capacity/BMI (mL/kg)
Normal weight 62.23 = 13.149
Over weight 52.59 = 11.571
6.87 <0.001
Obesity 43.287 + 11.06
Total 58.93 + 14.06
Females, lung capacity/BMI (mL/kg)
Normal weight 50.12 = 11.79
Over weight 42.52 993
. 1.80 <0.001
Obesity 36.49 = 9.75
Total 48.72 = 12.03
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Figure 2. Mean differences in lung capacity (A) and lung capa-
city/BMI (B) values in 13 cities in Jiangsu Province, by gender.

with female groups within the different age groups.

Results showed significantly different effects in lung ca-
pacity and ratio of lung capacity and BMI among male and
females students with different BMI levels (P < 0.001) and
higher average mean were reported in males compared with
female. Moreover, the average of lung capacity and ratio of
lung capacity and BMI was significantly lower among male
and female in obese group (Table 3).

There is significant difference in lung capacity and ratio of
capacity and BMI values in males and females student within
13 cities in Jiangsu province as showed presented in (Figure 1).

5. DISCUSSION

An increase in the rate of obesity among the population has
been observed around the world. Also, the recent reports
estimate that increasing of overweight and obesity among
students in Jiangsu Province,’ however, there is no doubt
that might be a reasons of lack of physical inactivity among
student have a direct effect on respiratory well-being,® fur-
thermore have a strong association in effecting the lung vol-
ume.’

There is the significant difference in mean lung capacity
in males and females of detected from age 7 to 22 year-old in
Jiangsu Province, and males student has better lung capac-
ity volume than females. However, the previous study has
reported the total lung capacity volume was lower in males,
and females compare with body weight.®

Our study is unique in that it shows the influence of BMI
on lung capacity by age, gender and different BMI level.

The study outcome also proves the results of many other
studies on lung capacities carried out in the worldwide. Such
as among a Mediterranean population,'® Malaysian students in
university students in Malaysia,'”” and among different parts
of the Indian subcontinent,'® and among healthy Chinese sub-
jects,’ and among non-smoking student in Aga University in
Pakistan,” whereas indicate that there is a significant differ-
ence in lung capacity volume and ratio of lung capacity and
BMI with anthropometric parameters in males and females
within different ethnic groups at school aged. While the effects
of obesity on spirometric values are not consistent with most
of the studies, some studies showing no results,'*?! some ad-
ditional showing significant effects and variation between the
averages mean of lung capacity volumes.!"* Our study is set
as one that shows the effects BMI on lung capacity among the
participants by age, gender and different BMI level. However,
the results show that lung capacity is linked to a declining in
physical fitness and reported decreased with an increased aver-
age of body weight.?? The finding of current reports indicated
that the mean of; lung capacity volume decreased by an in-
crease in BMI, which is in agreement with previous studies,
which showed the significantly reducing of lung volumes by
increased of BMIL.! A comparable findings were obtained by
other studies that, the increases in BMI in adolescents was as-
sociated with decreased pulmonary function rate.”

The current endeavor discovered that there is an es-
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sential correlation coefficient of lung capacity volume with
body weight and BMI between both male and female ado-
lescents. Similar findings have been reported previously.??

The difference between the rates of lung capacity is most
likely support the lung capacity score in college students in
Shandong Province.™*

Although the study measured the lung capacity score for
students from the diverse geographical site, regions, gender,
age groups, and differences BMI level, it may be necessary
some limitations. The study did not include all pulmonary
function tests in children and adolescent students such as
lung-forced vital capacity, forced expiratory flow 25% to 75%,
peak expiratory flow, vial residual capacity volume, maxi-
mum voluntary ventilation, functional residual capacity, and
expiratory reserve volume during the follow-up programme.
Therefore, further investigations are still required to estab-
lish the association of gender, age, height and weight with
lung capacity in a more detailed manner and including addi-
tional variables to assess the effect of obesity on lung capacity.

6. CONCLUSIONS

The study found BMI has significant effects on lung vol-
umes; obesity causes a significant decrease of the lung vol-
umes among schoolchildren and adolescents. Furthermore,
obese students have low vital lung capacity volumes. Thus,
increasing physical fitness activities may further avoid the
decline rate of lung capacity volume, while more studies on
BMI and lung should continue among students, followed by
comprehensive intervention measures for student’s physical
exercise.
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ARTICLE INFO ABSTRACT

Introduction: Apoptosis is one of the most important biological processes,

Article history which occurs through the activation of intracellular cell death pathway.
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; . Aim: The aim of this study was to determine the pattern of cell death within the
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early stages of spinal cord injury (SCI) and the evaluation of the changes in Bax

protein expression of progressive apoptosis.
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Material and methods: 48 adult male Sprague Dawley rats were randomly
divided into two control and experimental groups. Animals were anesthetized
and then the laminectomy procedure was performed in the area of T6-8. On days
1,7, 14 and 28 after the surgery, one-third of the middle part of their testis tissue
were taken for histological and immunohistochemical analysis.

Doi

Results: The immunohistochemical analysis indicated the presence of TU-
10.29089/2017.17.00050

NEL-positive cells and cells containing the pro-apoptotic protein Bax in testicu-

User license lar sperms in the 1st day after SCI, as well as increased on 28 days.
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Conclusions: Our finding suggested that the damage and destruction after
SCI can be controlled by therapeutic interventions at the appropriate time before
the destructive changes of SCI.
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1. INTRODUCTION

The incidence rate of spinal cord injury (SCI) in most coun-
tries is estimated to be between 20 and 40 cases per 1000000
annually that it often occurs in young people under the age
of 30 years.! Generally two cellular responses occur to the
spinal cord after injury including: primary mechanical in-
jury and pathologically-physiologically secondary injury
which appears to have two main forms: necrotic and apo-
ptotic.? The first response includes necrotic cell death in-
duced by external mechanical damage the most important
landmark of which is acute hemorrhage and ischemia, and
the secondary response is the activation of the apoptotic
death cascade which is mediated by multiple injury process-
es including inflammatory cytokines and formation of free
radicals.’? The apoptosis is distinguished from necrosis cells
by biochemical and morphological characteristics.? The cel-
lular destructions during apoptosis is characterized by cell
shrinkage, immune cell transmigration, myelin degradation
and chromatin condensation along with fragmentation of
the nucleus.* In the necrosis process, cell swelling and de-
struction of mitochondria occurs.’ Recently, apoptosis has
been suggested as damage to the nervous system caused by
ischemia, neuronal degeneration conditions, inflammatory
diseases and traumatic damage.® B cell leukemia/lympho-
ma 2 (Bcl-2) is a gene that play a crucial role in the regula-
tion of cell death as well as degree of apoptotic degeneration
of neurons so that neuronal cell death is prevented when
overexpressed in neurons.” After SCI, the expression of Bcl-2
can suppress apoptosis in the neurons of the spinal cord by
preventing the release of cytochrome ¢ from mitochondria,
scavenging the free radicals, and rising the growth factor.”
The Bcl-2 proteins were identified in vertebrate cells using
a variety of techniques.® This family consists of many pro-
teins causing increased cell survival, or cell death, such as
Bax protein. The Bax protein acts as a reinforcing factor of
the cell death in the general apoptosis process that has the
opposite role to Bcl-2 to work to stabilize the mitochondrial
membrane because its destabilization leads to the release of
mitochondrial cytochrome c into the cytoplasm and induc-
ing the uncoupling of oxidative phosphorylation.>!° Fur-
thermore, Bax is critically involved in both necrosis and
apoptosis, and these two morphologically distinct forms of
cell death could be prevented simultaneously by increasing
the quantitative ratio of Bcl-xLL and Bax in mitochondria.!
Moreover, activation of caspase-3 has been reported to cause
apoptotic cell death, and caspase-3 activation is markedly
increased following SCI.'?

2. AIM

This study was conducted to investigate the testicular
sperms’ changes during the early stages of SCI. Therefore,
the main objective of the present study was to investigate
the apoptosis and Bax protein expression in testicular sperm
during the early stages of SCI.

3. MATERIAL AND METHODS

3.1. Animals and ethics

In this study, 48 adult male Sprague Dawley rats aged 90
days, weighing 250-300 g and pathogen free were used (pur-
chased from the Pasteur Institute, Tehran, Iran). The exper-
iments were carried out in accordance with the principles
of Helsinki protocol. All procedures were approved by the
ethical committee of Kurdistan University of Medical Sci-
ences, Sanandaj, Iran (IR.MUK.REC.1395.402).

3.2. SCI model and tissue preparation

All animals were randomly divided into experimental and
control groups. Animal spinal cord injury (SCI) model was
performed under general anesthesia (80 mg/kg ketamine; 10
mg/kg xylazine, i.p.). Briefly, rats were anesthetized under
sterile conditions and a laminectomy was performed at T7
to expose the spinal dura mater. The T8 of spinal cord contu-
sion was performed using the modified spinal cord impactor
device which was developed so that a 25 g metal rod (2.5 mm
in diameter) length of 12 mm falls from a 10 cm height.!>1*
In the control group, the surgery was performed without spi-
nal cord manipulation/contusion. During the postoperative
period, all animals were monitored three times daily, were
given an analgesic (ketoprofen 2,5 mg/kg; sc twice daily) for
2 days and gentamycin (5 mg/kg; sc) for 4 days to prevent of
the bladder infection."” The Basso, Beattie, Bresnahan (BBB)
scoring is used to evaluate hind-limb locomotor function by
two observers who were blinded to the any intervention. They
were killed at 1, 7, 14 and 28 days after surgery. Surgical and
animal care procedures were conducted strictly in accordance
with the guidelines published in the NIH Guide for the Care
and Use of Laboratory Animals: National Institutes of Health
Publications.!® The testis tissues were fixed in a fresh solution
of 4% paraformaldehyde (pH 7.4) for 4 h, incubated overnight
at 4°C in 100 mM sodium phosphate buffer (pH 7.4).”

3.3. Histological examination and immunohi-
stochemical staining

At the end of the survival period, animals intraperitoneal-
ly with a mixture of ketamine (3.75 mg/kg), and xylazine
(1.9 mg/kg), were anesthetized and perfused intraventricular
with 0.1 mL of heparin (5000 IU/mL), and subsequently tran-
scardially with 4% paraformaldehyde in 0.1 M PBS, pH 7.7
Briefly, on the 1st, 7nd, 14th and 28th days after SCI, the peri-
toneal cavity of animals were dissected for weighting of testes
with digital scale (Sartorius; model-BL.210S). The testis tis-
sues were prepared in the same fixative at room temperature
for 4 h, sectioned and processed for histochemistry and im-
munohistochemistry analysis. To determine the histochem-
istry of tissues, the hematoxylin (Merck KGaA, Darmstadt,
Germany) and eosin (Sigma, St. Louis, MO, USA) were used.
In total, 100 seminiferous tubules of each sample were con-
ducted in accordance with the Johnsen method (1970).® For
immunohistochemistry and visualization of Bax, endogenous
peroxidase activity in the sectioned tissues was blocked with
3% H_ O,, and incubated at 4° overnight in PBS, pH 7.4, con-
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Table 1. Rating seminiferous tubules in both control and experimental groups according to Johnsen classification (results are

presented as a percentages).

Groups

Johnsen scores

1 2 3 4 5 6 7 8 9 10
Control group 1.4 98.6
Experimental group
One week after SCI 25.5 74.5
One week after SCI 20.3 374 533
Two weeks after SCI 18.4 46.6 23.8 11.2
Four weeks after SCI 20.5 235 34.4 13.9 6.6 2.1

taining 0.01% mouse anti-Bax antibody (sc-7480, Santa Cruz,
USA) in blocking buffer (3% goat serum in 1 X PBS with 0.2%
Tween 20). After rinsing, sections were incubated for 2 h at
room temperature in blocking buffer containing anti-goat
antibody conjugated to peroxidase (diluted as per the recom-
mendations of the supplier; sc-516102, Santa Cruz, USA).
Sections were rinsed again and were incubated with the chro-
mogen diaminobenzidine (DAB; Sigma, St. Louis, MO) for
5 minutes to yield a permanent deposit. Sections were rinsed
in distilled water, then mounted on gelatin-coated slides, air-
dried overnight, and cover slipped.

3.4. TUNEL assay

As described previously, the sections were also tested with
the terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling (TUNEL) technique. They were placed
in terminal deoxynucleotidyl transferase (TdT) buffer
(containing 50 uM dUTP-biotin, 100 uM dATPE 10 mM
Tris-HCI, pH 8.0, 1 mM EDTA, pH 7.6; Invitrogen, Carls-
bad, CA) for 30 minutes followed by reaction with a TdT
reaction mixture (consisting in equilibration buffer, bioti-
nylated nucleotide mix and TdT enzyme) and incubated in
a humidified chamber at 37°C for 90 minutes. The sections
were rinsed two times in buffer solution (150 mM sodium
chloride, 15 mM sodium citrate, pH 7.4) for 10 minutes fol-
lowed by washing in PBS (pH 7.4) two times for 10 minutes.
The avidin-biotin technique was applied, and stained with
chromogen diaminobenzidine (DAB) solution. After coun-
terstaining with hematoxylin (0.5%), slides were dehydrated
and mounted. TUNEL-positive (TUNEL") cells (%) were
quantified as apoptotic index and it was characterized by the
core of TUNEL™ cells was brown in appearance.’®

3.5. Statistical analysis

All statistical analyses were performed using the SPSS soft-
ware (v.19, SPSS Inc., Chicago, IL, USA) using z-test. Dif-
ferences were considered as significant at P < 0.05.

4. RESULTS

4.1. Johnsen scoring

In this study the rate of spermatogenesis in the control and
experimental groups were evaluated. All cases were ranked ac-
cording to the Johnsen scoring system categories as shown in

Table 1. The quantitative results showed that in the control
group the average total score (as score 10) spermatogenesis
was 98.6%. Following the experimental groups as ‘one day
after SCI’ group, ‘one week after SCI’ group, ‘two weeks af-
ter SCI’ group and ‘four weeks after SCI’ group were 74.5%,
53.3%, 11.2% and 0%, respectively. Therefore the rate of sper-
matogenesis in four weeks after SCI group was significantly
decreased (P = 0.0027).

4.2. Histological examination

In the histological sections of control group, testicular pa-
renchyma consisted of seminiferous tubules which appeared
rounded or oval in shape with regular contour as well as sper-
matogenesis was observed in all seminiferous tubules. There-
fore, there was no evidence of irregularities in spermatogen-
esis or degenerative changes in seminiferous tubules and the
interstitial connective tissue. Finally, histological evalua-
tions reveal normal architecture of the spermatogenic cells
at various stages of development (Figure 1). One day after
SCI in the experimental group, the shape of seminiferous tu-
bules was regular and round with external border. Also, the
spermatogonia cells, primary spermatocytes and round sper-
matid, often exhibited quite condensed nuclei. Furthermore,
the spermatogenesis in most of the seminiferous tubules
were more 90% and a few evidence of seminiferous tubule
degeneration were observed. But, vasculature and increased
number of inflammatory cells was observed in the interstitial
connective tissue (Figure 2). One week after SCI, the irregu-
lar outline of the seminiferous tubules was observed as well
as thickened and irregular basement membrane. Also a sign
of degeneration, vacuolated cytoplasm and pyknotic nuclei
was observed in the spermatogenic cells in some seminifer-
ous tubules. On histological examination of spermatogonial
cells, the primary spermatocyte, round spermatid and sperm
were observed (Figure 3). Two weeks after SCI, in the experi-
mental group, the seminiferous tubules basement membrane
of tubules was slightly corrugated. In the histological study,
a degeneration of epithelial lineage, thick corrugated base-
ment membrane and absence of well-organized elongated
spermatids was observed. Furthermore, results showed evi-
dence of spermatogenesis in 83% of the seminiferous tubules
and the other tubules. Illustrations show evidence of degen-
erative changes including disorganization of seminiferous
tubule and heterochromatin of nucleus in spermatogonia,
primary spermatocyte and round spermatocyte germ cells.
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Figure 1. Control group: A) spermatogenesis in all of the seminiferous tubules without any degeneration (HE staining);
B) TUNEL assay (Bax protein expression) and C) TUNEL* and Bax* cells in the entire spermatogenic cell lines in the
seminiferous tubules (Bax protein expression).

Figure 2. Experimental group one day after SCI: A) regular and round seminiferous tubules, dense core of primary
spermatocyte and round spermatid (HE staining); B) TUNEL assay (Bax protein expression) and C) the testis of
experimental group stained with TUNEL (Bax protein expression). Some of the TUNEL™* and Bax* sperm cells were
observed with brown core. Especially, most of these cells were in the lines of spermatocytes and round spermatids.

Figure 3. Experimental group one week after SCI: A) seminiferous tubules with irregular basement membrane (HE
staining); B) TUNEL assay (Bax protein expression) and C) some of the TUNEL* and Bax* cells in the lines of sper-
matocytes, round, and long spermatids (Bax protein expression).

Figure 4. Experimental group two weeks after SCI: A) seminiferous tubules with regular shaped, but irregular base-
ment membrane (HE staining). Also, stopping spermatogenesis trend and unstructured sperm cells was observed in
some seminiferous tubules; B) TUNEL assay (Bax protein expression) and C) lines of spermatocytes, round and long
spermatids with brown cytoplasm (Bax protein expression).
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Figure 5. Experimental group four weeks after the SCI: A) the testis tissues that epithelium atrophy in some semini-
ferous tubules (HE staining); B) TUNEL assay (Bax protein expression) and C) the testis tissue which TUNEL* and
Bax* in the line of spermatogonia cells with brown cytoplasm (Bax protein expression).

Table 2. Number of Bax+ cells and TUNEL" cells in both experimental and control groups.

IDEVH Groups R
One day Control 2.85 = 0.04
SCI 11.95 = 0.53
One week Control 291 = 0.28
SCI 16.32 = 1.04
Two weeks Control 2.01 £ 0.02
SCI 22.28 =0.73
Four weeks Control 2.85 = 0.07
SCI 8.95 = 0.15

Parameters

P =0.073 297 £ 0.41 P = 0.067
14.81 = 0.09

P =0.014° 3.28 = 0.61 P =0.019
19.32 £ 1.35

P = 0.0055 3.7 £ 0.16 P =0.0072
24.3 +0.62

P =0.072¢ 3.63 = 0.13 P =0.081
10.58 = 0.3

Comments: * P < 0.022 vs. one day group; * P <0.009 vs. one day group; ¢ P < 0.014 vs. one week group; ¢ P < 0.006 vs. one week group.

There were gaps between spermatogonia, primary spermato-
cytes and round spermatid. The spermatogenic cells are less
closely arrayed, and some of the spermatogenic cells desqua-
mate. Moreover, spermatogonial cells, primary spermato-
cyte, and round spermatid were detected, but a small number
of sperm was found (Figure 4). Four weeks after SCI in the
experimental group, the seminiferous tubules were quite ir-
regular and there was a shrunken basement membrane with
relatively thick as well as abnormal cellular debris in the
tubules. Also a failure and disruption was observed in the
trend of spermatogenesis in all seminiferous tubules as sper-
matogenesis in 55% of the seminiferous tubules were found.
In addition, the other tubules often exhibited degenerative
changes such as partial regression of the seminiferous epi-
thelium due to the absence of proliferating spermatogonia
and other spermatogenic cell (Figure 5).

4.3. The TUNEL technique and expression of
the Bax protein

In control group TUNEL-positive (TUNEL*) and Bax-
positive (Bax™) sperm cells were rarely observed (Figure 1
and Table 2). The immunohistochemical results one day
after SCI in the experimental group showed that most of
TUNEL" and Bax™ cells were found in the spermatogonial
and primary spermatocyte series, as these cells were espe-

cially in the line of round spermatid and sperm. There was
no statistically significant difference in the TUNEL* and
Bax™ cells at one day after SCI when compared to control
group (P = 0.073 and P = 0.067, respectively) (Table 2 and
Figure 2). In contrast the differences at 7 days after SCI were
statistically significant (P = 0.014 and P = 0.019, respec-
tively) and the TUNEL* and Bax* cells has significantly
increased. Most of these cells were spermatogenic cell lines
including round spermatid and spermatozoa. Results of 1
week after SCI showed more TUNEL™* and Bax™ cells com-
pared to 1 day SCI group. Most of TUNEL* and Bax™* cell
were in the spermatogonial and primary spermatocyte se-
ries. TUNEL* and Bax™ cells for this group are represented
in Table 2 and Figure 3. In 14 days after SCI in experimental
group, the results show that the TUNEL* and Bax" cells
has significantly increased when compared to control group
(P = 0.0055 and P = 0.0072, respectively). Furthermore, a
significant increase was observed when we compared this
group with days 1 and 7 after SCI (Table 2). The TUNEL*
and Bax* cells were significantly elevated in all of the sper-
matogenic series cells in the seminiferous tubules including
spermatogonia primary spermatocyte, round spermatid and
spermatozoa (Figure 4 and Table 2). There was no signifi-
cant increase in the TUNEL™* and Bax™* cells at 28 days after
SCI group compared to the control group. In contrast, a sig-
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nificant decrease in TUNEL™* and Bax™ cells was seen when
compared with the 14 days after SCI group (P = 0.006) (Ta-
ble 2), the TUNEL™* and Bax* cells were observed in line of
spermatogonial cells, and primary spermatocyte (Figure 5).

5. DISCUSSION

The availability of suitable mouse models for the study of
sperm cell apoptosis has a key role in the understanding of
the process during the early stages of the SCI in the semi-
niferous tubules.? In this regard, cell apoptosis and Bax
protein expression were studied after SCI in the early stages
of testicular sperms. Results showed that one day after SCI
in the testis tissues of experimental group the morphology
of seminiferous tubules were regular and round with ex-
ternal border and regular basement membrane. Moreover,
the results of the histological examination showed that the
core of spermatogonial cells in the primary spermatocyte
and round spermatid were dense. However, one day after
SCI, the basement membrane was irregular. Also, the core
of spermatogonial cells, primary spermatocyte and round
spermatid were dense. These results could be attributed
to the variation in the testicular temperature. This may be
due to a disorder which may occur in the temperature of the
testis after SCI, which is caused by denervation.? On the
other hand, Chow et al. (2002) reported that the disorders of
producing spermatogenesis after SCI in the longterm were
not related to the etiology of endocrine chronic SCI. They
showed that the neurological disorders, particularly in su-
perior spermatic nerve (SSN) can cause alteration and arrest
in the spermatogenesis after SCI.?> In another study, Patki
et al. (2008) reported that the quality of semen in men with
SCI was poor, and these changes were observed in two weeks
after SCI.2® It should be noted that the initial variations in
the acute period of the SCI may be due to hormonal imbal-
ance.”! According to the histological examination, an ir-
regularity was observed in the trend of spermatogonial cells
distribution one week after SCI. Moreover, after two weeks,
cessation in the spermatogenesis trend and unstructured
sperm cells were observed in some seminiferous tubules.
In addition, cessation of spermatogenesis trend, unstruc-
tured sperm cells and epithelium atrophy were observed in
some seminiferous tubules after four weeks of SCI. Moreo-
ver, the core of spermatogonial cells, primary spermatocyte,
and round spermatid were dense. Also, eosinophilic masses
were in different sperm categories. Therefore, the changes
in the produced spermatogenesis increased over time. This
result is consistent with the results of previous studies;?>?%
bearing in mind that the increased rate of aneuploidy for
sperm with fragmented DNA was related to the occurrence
of aneuploidy during sperm maturation, thereby TUNEL
assay was widely used to identify apoptotic cells in the tissue
sections. Chohan et al. (2006), it has been reported that the
TUNEL assay is an accurate method for quantifying apop-
tosis in the germ cells.? In the present study the TUNEL as-
say was used for the study of sperm cells after SCI during the

experiments. Results obtained indicated that one day after
SCI, some TUNEL"* sperm cells were observed with brown
core. Especially, most of these cells were in the category of
spermatocytes and round spermatids. This trend was also
observed one week after SCI, and most of the observed cells
were in the category of spermatocytes, round and long sper-
matids. Moreover, results showed that in those two weeks
after SCI the cytoplasm of sperm cells were also brown. Four
weeks after SCI, Bax* sperm cells were observed with brown
cytoplasm, especially, the cells were in the category of sper-
matogonia. Therefore, the results concluded that the round
cells increased over time after SCI, and after four weeks, long
cells appeared as well. Previous studies have reported that
the increase of round cells may be related to the response of
body round cells to changes in sperm parameters after SCI,
such as white blood cells.”” Meanwhile, in a similar study
Hirsch et al. (1999) reported that the morphology of sperm
cells obtained from the epididymis changed between 2 to
12 weeks after SCI.2.. Furthermore, caspase are a group of
cysteine proteases and key effectors of apoptotic cell death.
The caspase-3 is the principal effector whose activation has
been implicated in the prevention of apoptotic cell death
and its down-regulation in disease conditions leading to ne-
crosis. Sperm count reduction in SCI rats observed in the
present study appears to be due to the inhibitory action of
SCI on spermatogenesis, including spermatogenic arrest
and reduced spermatogenic cell number which is in accord-
ance with previous studies. Also, the lesion surrounding
the spinal cord cascades a series of inflammatory changes
within the spinal cord tissue leading to diminutive effects
on neuronal conduction homeostasis and integrity. This
phenomenon follows a biphasic pattern. TNF-a could po-
tentiate glutamate-mediated neuronal cell death in the rat
spinal cord.

6. CONCLUSIONS

Our data revealed that degenerative changes occurs in the
germinal cells in testicular seminiferous tubules during
acute phase of SCI. Some of the degenerative cells exhibit
morphological features of Bax-dependent apoptosis as well
as the increase in Bax protein expression. The evaluation of
Bax protein expression of SCI could be important for prog-
nostic outcome. Therefore, suggest that the inhibition of
caspase activity may play a protective role in the testicular
atrophy through acute phase of SCI.
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ABSTRACT

Introduction: Tobacco use is widely spread throughout the world. Smoking
has several adverse effects on human health ranging from minor health condi-
tions to death.

Aim: This study aimed to investigate effect of smoking on level of saliva cyani-
de, interleukin-2 (IL-2) and interferon-gamma (IFN-y) among smokers compa-
red to nonsmokers in the city of Ilam, Iran.

Material and methods: This study was carried out among two equal groups
of smokers as cases and nonsmokers as controls (N = 76) which were matched in
terms of their age range. Dental roll and direct saliva method were used to collect
samples. The saliva sample was stored at —18°C. The level of salivary cyanide was
measured using the spectrophotometric method. IL-2 and IFN-y were measured
by ELISA.

Results and discussion: We found level of cyanide in the saliva of smokers
was higher than that in nonsmokers. In addition, level of cyanide in the smokers’
saliva increased (164.21 = 18.54 ug/mL) significantly compared to nonsmokers
(42.63 = 24.01 ug/mL). A significant increase was found in the level of IFN-y and
IL-2 among smokers compared to nonsmokers. However, there was a significant
decrease in the level of IFN-y and IL-2 with increased intensity of smoking.

Conclusions: Heavy smoking was associated with an increased level of saliva-
ry cyanide and a decreased level of sera IFN-y. Recognizing immunosuppression
mechanisms produced by cigarette-smoking is a platform for identifying the best
therapeutic and management approaches in smoke-induced diseases.
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1. INTRODUCTION

Cigarette smoking is the main risk factor for the accelerated
decline in lung function and development of chronic obstruc-
tive pulmonary disease. Smoking is one of the most frequent
addictions. Smoking cigarettes decreases blood flow to the
extremities due to the increased peripheral vasoconstriction,
especially relating to digital and forearm hemodynamics.!
Moreover, cigarette smoking generates many toxic and carci-
nogenic compounds harmful to the health, such as nicotine,
nitrogen oxides, carbon monoxide, hydrogen cyanide and
free radicals.>* Smoking affects a wide range of immunologi-
cal functions in humans and experimental animals, including
both the humoral and cell-mediated immune responses.

Immunosuppression effects of smoking depend on the
amount and duration of smoke exposure, ethnic back-
ground, and gender. It is postulated that this increased
susceptibility reflects cigarette smoke-induced impairment
of the immune system.* It has been postulated that smoke
may impair host defense by exhausting the signaling path-
ways upon which lymphocyte antigen receptors rely.

Cyanide ion is naturally present in saliva, urine, and
blood serum and its concentration varies according to diet,
among other factors.* Cyanide is considered to be a bio-
marker in distinguishing smokers from nonsmokers. Cya-
nide is a potent toxic agent which inhibits the activity of
cytochrome oxidase.>®

There is no evidence on the exact amount of cyanide
and thiocyanate in the human’s saliva and no reference val-
ue has been reported for salivary cyanide. A previous study’
indicated that denaturation of oxyhemoglobin produces cy-
anide from thiocyanate and that active oxygen scavenge re-
agents suppressed cyanide production. Chronic inhalation
of cyanide alters a wide range of immunological functions,
including innate and adaptive immune responses. It has
been speculated that several health consequences of chron-
ic cyanide inhalation might be due to adverse effects on the
immune system.?1° Late 1960s was the first time that possi-
ble relationship was found between elevated occurrence of
diseases related to cyanide and smoke-induced changes in
the immune and inflammatory processes.!! Cytokines are
kind of proteins that are secreted by different cells and per-
form paracrine, endocrine and even autocrine functions.
Cytokines can relatively penetrate into blood-brain barrier
and bind to receptors of neurons and glial cells. Further-
more, cytokines have the capacity to be produced inside the
central nervous system.

Smoking suppresses alveolar macrophage and T cells
function.!>? Immune cells communicate with each other
via cell-cell interactions and production of cytokines
which act through specific receptors expressed on the tar-
get cell membrane.! It has been shown that cigarette smok-
ing decreases cytokines levels, except IgE which is signifi-
cantly elevated in smokers.® Interferon-gamma (IFN-y)
dimerized soluble cytokine which is the sole member of
type II IFNs.'* IFN-y is produced predominantly by natu-
ral killer cells as a part of the innate immune response.’

Interleukin-2 (IL-2) is a type of cytokine signaling mol-
ecule in the immune system. Additionally, IL-2 promotes
the differentiation of T cells into effector T cells. It has
also been shown that the production of IL-1f, IL-2, IFN-y,
and tumor necrosis factor-o. (TNF-0) in human peripheral
blood is suppressed by cigarette smoke extracts.!® Previous
studies demonstrated that cigarette smoking suppresses
the production of IL-1p, IL-6, and TNF-o by alveolar mac-
rophages obtained from the bronchoalveolar lavage fluids
of smokers.'””!® In the current study, authors investigated
the effect of smoking on level of saliva cyanide, IL-2 and
IFN-y among smokers compared to nonsmokers.

2.AIM

This study aimed to investigate effect of smoking on level of
saliva cyanide, IL-2 and IFN-y among smokers compared to
nonsmokers in the city of Ilam, Iran.

3. MATERIAL AND METHODS

In this case-control study, cases (n = 38) were male smok-
ers and controls (n = 38) were aged matched nonsmokers.
Out of 38 controls 21 were female while, 17 were male. This
study was approved by ethics committee of Ilam University
of Medical Science. Participants signed a written consent
form prior to data collection. Subjects included into this
study did not suffer from any serious health condition, had
no history of drug usage and had no history of blood dona-
tion as well as transfusion in the past 6 months. The clinical
data, medical history and other relevant information were
collected from subjects by face to face interview. Samples
were prepared by two methods: dental roll and direct saliva
method. The saliva sample were stored at —18°C.

3.1. Determination of salivary cyanide

Sample sera in an amount of 0.1 mL of was added to 0.1
mL of kit standardized solution, incubated for 90 minutes
at 37°C. Plates were washed 3 times in TBS. 0.1 mL of bioti-
nylated antihuman antibody was added and incubated for
60 minutes at 37°C. Plates were washed 3 times in TBS fol-
lowed by adding 0.1 mL of ABP solution incubating for 30
minutes. After 5 times washing, 0.9 mL of ABP solution was
added incubating for 30 minutes at 37°C. Stop solution in an
amount of 0.1 mL was added to each sample and sample OD
was measured using ELISA reader. The levels of salivary
cyanide were measured using spectrophotometric method.

3.2. Cytokine measurements

Salivary concentrations of IL-2 and IFN-y in all samples
were measured by commercial ELISA kit (Booster Com-
pany) in accordance with the manufacturer’s instructions.
Salivary IL-2 and IFN-y levels (ug/mL) in each sample were
calculated using a standard curve obtained from calibrators
in the kit.
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4. RESULTS

Mean age of smokers were 32.71 + 7.52 years old and mean
age of nonsmokers were 29.79 = 9.72 years old. The level
of cyanide in the salvia of smokers was significantly higher
(164.21 = 18.54 pug/mL) than that in nonsmokers (42.63 =
24.01 ug/mL) (Table). A significant increase of total IL-2
level was recorded in smokers (31.34 + 76.75 ug/mL) when
compared to controls (8 = 0.46 ug/mL) (Table). The inten-
sity of smoking was further categorized into light, moder-
ate and heavy smoker. It was shown that level of total IL-2
among light smokers (mean 30.75, SD 15.32) was higher than
that among heavy smokers (mean 10.57, SD 4.4). Our find-
ings also showed that level of IFN-y was significantly higher
among smoker (13.16 + 12 ug/mL) compared to nonsmokers
(2.62 = 1.21 ug/mL) (Table). It was shown that level of total
IL-2 among light smoker (mean 16.6, SD 14.73) was higher
than that among heavy smokers (mean 8.05, SD 7.92).

Table. Mean (* SE) of effect of cigarette smoke on IFN-y,
cyanide and IL-2 in saliva of smokers and nonsmokers.

P value Smoker Control Parameters
0.000 13.16 £ 12 2.62 +1.21 IFN-y, ug/mL
0.003 31.34 + 76.75 8 + 0.46 IL-2, ug/mL
0.002 164.21 + 18.54 | 42.63 = 24.01 | Cyanide, ug/mL

5. DISCUSSION

This study revealed a significant increase in salivary cya-
nide and decrease in IFN-y and IL-2 among smokers.
Smoking is associated with both release and inhibition of
pro-inflammatory and anti-inflammatory mediators. A large
network of pulmonary and systemic cytokines is involved in
chronic inflammation of smokers. Cigarette smoke induces
the release of TNF-a, TNF-a receptors, IL-1, IL-6, IL-8 and
granulocyte-macrophage colony-stimulating factor (GM-
CSF). On the other hand, smoking has also been associated
with decreased IL-6 production through toll-like receptors
(TLR)-2 and, decreased IL-10 production via TLR-2 acti-
vation and also decreased IL-1b, IL-2, TNF-a, and IFN-g
production by mononuclear cells. The inhibitory effects of
cigarette smoking have been attributed to nicotine, hydro-
quinone and to carbon monoxide in the smoke. Klein et al.?
found that exposure to cigarette caused 70% loss of enzyme
activity and increased the salivary cyanide concentration.
Understanding the possible effect of cigarette smoking on
variety of immune responses would be beneficial to evaluate
the interactions between these factors.

Cytokines are known to play an important role in the
immune response to infections. Alveolar macrophages in
smokers, discharge significantly lower amount of IL-1, IL-
6, and TNF-o compared to nonsmokers.?’ Cigarette smoke
may affect immune responses by altering the Thl and Th2
ratio. In fact, cigarette smoke-associated airway hyperactiv-
ity is believed to be a Th2-driven disorder. Cytokines such

as IFN-y and IL-2 are produced by Thl cells, the presence of
IFN-y and IL-2 in the smokers is indicative of cell mediated
immune response. In our study, we found that smoke expo-
sure can have an impact on immune responses. In addition,
our data showed that, in smokers, the concentration of sa-
liva cyanide is affected by the amount and period of smoking.
Cigarette smoking has been shown to suppress the mitogenic
responses and the production of IL-1p, IL-6 and TNF-a by
alveolar macrophages.??> However, little is known about the
nature of the immunosuppressive compounds in the cigarette
smoke. Decreased serum IL-1, IL-2, and TNF-a have been
observed in patients with lung cancer, and decreased levels of
IFN-y are associated with shorter survival.”? In addition, IL-2
alone or in combination with other therapies can enhance
antitumor immunity.?** Transfection of tumor cells with the
genes encoding IL-2 and IFN-y induces a marked increase
in antitumor cytotoxic T-cell activity and tumor destruction.
These studies provide strong evidence that the production of
IL-1, TNF-q, IL-2, and IFN-y are critical for antitumor im-
munity, and suppression of these cytokines by components
of cigarette smoke may increase the risk of infection, lung
cancer, and other malignancies. Some studies suggested that
smoking might decrease IFN-y and IL-2.%%* In contrast, an-
other study revealed that exposure to smoke also appears to
increase both IFN-y and IL-2 levels.?#

It was also shown that Thl has decreased production of
IFN-y in smokers compared to nonsmoker.3-* Thus, smok-
ing can alter the balance of cytokines produced by T helper
cells. These studies have provided some strong evidence
that the production of IL-2 and IFN-y are critical for im-
mune responses and suppression of these cytokines by com-
ponents of cigarette smoke (cyanide) may increase the risk
of infection and lung cancer. It has been shown that expo-
sure to cigarette smoke inhibits the function of circulatory
dendritic cells which specifically inhibit key Thl cytokine
production and triggers development of Th2 responses.

6. CONCLUSIONS

Findings of the current study showed that cyanide level
in saliva and IL-2 and IFN-y levels in the sera of smokers
were significantly higher compared to nonsmokers. Fur-
thermore, it was revealed that a heavy smoking led to an
increased level of salivary cyanide and a decreased level of
sera IFN-y. Such changes in cytokine levels can be attrib-
uted to different components of cigarette such as cyanide
and its derivatives. As cyanide is a toxic agent and its impact
on immune system is confirmed according to these results,
further studies are needed to evaluate the exact mechanism
behind this interference of cigarette and its derivatives such
as cyanide and the immune system response.
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ABSTRACT

Introduction: The high rate of multiple sclerosis (MS) in the Gorski Kotar
Region of Croatia is currently unexplained. This is the only region in Croatia
with an average yearly temperature below 9°C. Colder temperatures corresponds
to the immune system regulator TRPMS.

Aim: To determine if average yearly temperature is associated with MS
prevalence rates in Croatia and what average yearly temperature is the most si-
gnificantly associated when variation is considered.

Materials and methods: Weather data from the Croatian Meteorological and
Hydrological Service was compared to MS prevalence rates from 28 locations in Cro-
atia. Multivariate analysis was used to determine the significance of a correlation
between average yearly temperature and MS prevalence. When this was determined
the same method was repeated with variation towards a particular temperature.

Results and discussion: The results were significant for all areas combined
(P < 0.013) and were highly significant in non-coastal areas (P < 0.002) but not
significant in coastal areas (P < 0.44). 10.87°C was found to be the most signifi-
cantly associated temperature (P < 1.60 X 10™) and variation was found to be si-
gnificantly associated (P < 0.05) between 7.9°C and 8.29°C. Swimming can have
the same effects on the body as colder weather and this could explain the lack of
association in coastal areas. MS prevalence rates also shows corresponding me-
trics with specific cancers which are known to be linked to the TRPM8 receptor.

Conclusions: MS prevalence in Croatia is significantly associated with ave-
rage yearly temperature. MS also has the highest prevalence rates in areas which
correspond to peak activity of the TRPMS receptor.
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1. INTRODUCTION

Croatia has one of the widest variations in multiple sclerosis
(MS) prevalence rates for a geographic area of it’s size in the
world.! Variations range from a low of 22 cases per 100000
population in Rab County to 194/100000 in Cabar County
(Figure 1) — with these locations less than 100 km from each
other.! The high of 194/100000 — part of an overall average
of 124/100000 in the Gorski Kotar region! — has been a topic
of considerable scientific interest and investigation. Environ-
mental factors have been accepted as being a contributing fac-
tor to the development of MS and the one defining environ-
mental factor in the Gorski Kotar region is the fact that the
region is the only one in Croatia with an average temperature
below 9°C (Figure 1). The TRPMS receptor has been shown
to peak in activity between 8°C-10°C? and is a mediator of
IL-6 levels in the body.> The average yearly temperature of
the Gorski Kotar region is roughly 7.4°C in Cabar County
and 8.4°C in Delnice.*

The TRPMS receptor is mediated by voltage and tem-
perature: each can independently trigger the activity of the
TRPMS receptor. As temperature falls from 8°C to 20°C the
half maximum voltage — half the voltage necessary to trigger a
response in the receptor — and the number of gating charges —
the number of charges needed to activate the receptor — both
fall by about half.’> This change reflects a temperature medi-
ated change in the Gibbs free energy (the minimum activa-
tion energy) of the TRPMS receptor: as the temperature falls
the energy required to activate the receptor falls as well (Fig-
ure 2). Mutations have been documented in this channel that
have been shown to alter the functioning of the temperature
dependent response and the voltage dependent response.® In
order to determine if average yearly temperature is respon-
sible for the wide range in MS rates within Croatia average
yearly temperature was compared to MS prevalence rates as
compiled in Materljan and Sepcic (2002)! as well as previous
research done in the Rijeka area’ and additional research done
in the Sibenik-Knin and Zadarska county regions.® This was
compared to the documented temperature dependent voltage
activity’ to determine if MS prevalence rates in Croatia match
documented normal TRPMS receptor activity.

2. AIM

To determine if average yearly temperature is associated
with MS prevalence rates in Croatia, what average yearly
temperature is the most strong associated when variation is
considered, what variation towards a particular temperature
has the greatest impact on MS prevalence rates, and to ex-
amine more specific effects within those trends if relevant.

3. MATERIAL AND METHODS

Areas which had weather data available from the Croatian
Meteorological and Hydrological Service* were compiled

and compared against the available MS prevalence rates
for Croatia. Prevalence that did not have available corre-
sponding weather locations were compared with a reason-
able close weather station (Table 1).° Lika county’s average
yearly temperature was averaged between Senj, Otacac and
Gospic,* which between these three locations represent the
majority of the population of that country. Sibenik-Knin
county’s average yearly temperature was averaged between
Sibenik and Knin,* which constitute the majority of the
population of that county. Ivanec did not have a weather
station within a very close distance (20 km) and thus it’s
prevalence rate was not included in analysis. Vrbovsko had
a more recent prevalence estimated of 66.3/100000” and
thus this prevalence was used instead of the earlier study by
Materljan. Average yearly temperature was compared to the
prevalence rate for that location and regression analysis was

Figure 1. Map of Croatia, with average yearly temperatu-
re of each county colored, MS prevalence for each tested
location, and the locations of a minor weather effect exa-
mined in the analysis. Note that Ivanec has an MS preva-
lence rate but that no corresponding weather station was
available, thus it was not included in the analysis.

Figure 2. Gibbs free energy for TRPMS receptor as a func-
tion of temperature. Gibbs free energy required to activate
the TRPMS receptor, as defined by Raddatz et al. (2014).
As the temperature falls from 25.0°C to 7.8°C the energy re-
quired for this function declines. In the study it was found
that a minor effect of temperature crossed this threshold.
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Table 1. Locations of study, their MS prevalence, average yearly temperature as defined by the Croatian Meteorological and
Hydrological Service (or denoted alternative), and alternative Weather Stations as necessary. All temperatures are sourced
from the Croatian Meteorological and Hydrological Service. Vrbovsko is sourced from a location other than its location of
prevalence rate. Years of meteorological data are listed in the far right column.

MS prevalence Average

per 100000

Location of study

temperature, °C

Bjelovar and Bilogora 229! 10.76
Zadarska County 318 15.13
Sibenik County 308 14.32
Donji Miholjac 66! 11.16
Valpovo 53t 10.92
Osijek 59! 11.04
Nasice 33! 11.29
Dakovo 31! 11.00
Lika County 30.6! 11.11
Dubrovnik 52! 16.61
Rijeka (Rijeku) 59.6! 14.11
Split Marjan 30.2! 16.29
Zagreb Gric 40! 11.58
Karlovac 57.127 11.03
Slavonski Brod 44.5! 11.02
Cres Losini 62! 15.46
Rab 34! 15.49
Krk 22! 14.08
Pag 52! 15.82
Buzet 27 12.45
Pazin 85! 11.43
Labin 34! 13.38
Vrbovsko 66.37 7.07
Delnice 135! 8.33
Cabar 194! 7.43
Ludbreg 32! 10.54
Varazdin 29.4! 10.35
Novi Marof 24! 11.00

Alternative weather station, Data range
distance from prevalence
site’
- 1949-2015
Zadar, 0 km 1961-2015
Sibenik and Knin (averaged), 1949-2015 (Sibenik)

0 km 1949-2015 (Knin)

- 1955-2015

- 1963-2015

- 1899-2015

- 1982-2015

- 1981-1988, 1990, 1995-2015

1872-2015 (Gospic)
1949-2015 (Senj)
1995-2015 (Otocac)

= 1961-2015

- 1948-2015

- 1948-2015

- 1861-2015

1949-2015

1963-2015

1961-2015

1978-2015
1981-1984, 1995-2011, 2013-2015

- 1978-2015

- 1981-2015

- 1961-2015

1994-2001

Stara Susica, 5 km 1960-1985
- 1981-1984, 1992-1993, 2008-2015

Parg, 1 km 1950-2015

= 1982-2015

- 1949-2015

1981-2015

Gospic, Senj and Otacac
(averaged), 0 km

Mali Losinj, 0 km

conducted on the resulting trendline in data analysis of Ex-
cel 2013 (Table 1). The results were considered significant
if the P value was less than 0.050. In order to determine an
average yearly temperature with the highest MS prevalence
rate the average yearly temperatures was subtracted from
temperatures between 7°C-17°C and the absolute value of
the result was calculated in data analysis of Excel 2013 (Ta-
ble 1) as multivariate analysis with MS prevalence rate and
average temperature variation set as independent variables
and the absolute difference calculated as the dependent vari-
able. Variation was determined in this test by determining
standard deviation of temperature throughout the year. The
way a temperature with the highest significance was deter-
mined was to use the intercept of the absolute value of all
locations to determine the point at which the significance

level was the highest. The result in this test was determined
to be significant if Pvalue was less than 0.05.

An additional test was also done for variation. The way
variation was calculated was that the variation from that
temperature in a given month was subtracted from the tem-
perature of highest MS prevalence that was determined first
and an absolute value was taken for that difference. Each of
these values was collected monthly and then added together
from the entire year. Multivariate analysis was then con-
ducted with the added difference as the dependent variable
and the set difference from the determined temperature of
high significance for each location and MS prevalence rates
as independent variables. This was done under regression in

‘Data analysis’ of Excel 2013. Significance was deter-
mined if P was less than 0.05 and if that significance was
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higher than that of the test for average yearly temperature
with variation accounted for. Finally, a separation was made
between coastal and non-coastal areas to determine if there
was a difference in average yearly temperature association
significance between those regions.

4. RESULTS

The results were significant (P < 0.013) for temperature and
were also significant when variation was taken into account
(P < 0.009). Of additional note was the division in associa-
tion with average yearly temperature between non-coastal
areas and coastal areas: Areas which were near a coastline
(n = 10) followed the trend line less distinctively than those
which were not (n = 18) (Figure 3). When these coastal ar-
eas were analyzed separately by regression analysis it was
found that the results were not significant (P < 0.44). Re-
gression analysis of the non-coastal areas, however, dem-
onstrated a very significant correlation (P < 0.002) (Figure
3). The average yearly temperature with the highest signifi-
cance of association with MS prevalence when variation was
accounted for was determined to be 10.87°C, with a peak
significance of 1.60 X 107 (Figure 4). Results for variation
towards a particular temperature showed that 8.29°C was the
point at which variation would reach significance (P < 0.05)
(Figure 4). This was by a gradient curve, however, and was
not more significant that average yearly temperature with
variation accounted for.

5. DISCUSSION

The distinct line documented in Figure 3 crosses the
threshold of TRPMS activity as defined by Gibbs Free En-
ergy.’ The increases in MS prevalence, 29.4-66 cases per
100000, are indicative of these small temperature increases
from 10.3°C to 11.16°C crossing the 10.87°C temperature
that was the most significant for MS prevalence when aver-
age yearly temperature and variation are accounted for. This
could cause individuals with TRPMS8 receptors that possess
polymorphisms that alter temperature dependent functions®
to be at risk of MS development — which is the same reason
that areas with an average temperature around 8°C could be
expected to have very high MS prevalence rates. At those
temperatures (7°C-9°C) any deficiency or reduced temper-
ature responsiveness could cause a heightened risk of MS
prevalence. The minor effect noted for the distinct line is
also due to minute changes in average variation that cross
the threshold of the highest MS prevalence association at
10.87°C: When the seven data points that make up this line
are considered the results are significant regarding varia-
tion from the given average yearly temperature (P < 0.031)
further defining temperature variation as a reason for this
feature in Figure 3.

Additionally, the significance of association above
10.87°C is one of exponential decrease (Figure 4) whereas

that above 9.60°C is one of near exponential increase. The
increase in significance above that demonstrated for 10.87°C
occurs at approximately 7.90°C, suggesting that this is the
lower limit of where variation towards a particular tempera-
ture would increase above that of average yearly temperature
with variation accounted for regarding significance. The up-
per limit is the 8.29°C defined in the variation towards a
particular temperature test, although this did not exceed the
significance of the first test for average yearly temperature
with variation accounted for. The difficulty in achieving
this result for that analysis is due to the extraordinarily high
level of significance for the first test, which largely makes
the second analysis somewhat superfluous. This result, it
should be recognized, is due to the very detailed analysis of
the population of Croatia that was examined: some counties
that were tested for MS prevalence had populations of less
than 100000 people, making the results very detailed and
amplifying the significance of the first analysis.

With this minor effects noted the fact remains that the
overall trend is still one of increasing MS prevalence with
increasing demands on the TRPMS receptor (that is, decreas-
ing temperature up to 8°C). If the body was physiologically
suited for the TRPMS receptor to be active and it was reduced
in function or not functioning at all, this could account for

Figure 3. MS prevalence rates vs. average yearly tempera-
ture (°C). The minor weather effect from variation across
the peak MS prevalence temperature and the Gibbs free
energy boundary is marked with a trendline. All data po-
ints on this line of the minor weather effect are non-co-
astal areas. Coastal areas are non-signficant (P < 0.44)
whereas non-coastal areas are significant (P < 0.002).
The overall trend was significant (P < 0.013).

Figure 4. Significance of the intercept for the collective
difference from an average yearly temperature.
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all these effects. The TRPMS8 receptor also ceases to be re-
active below 8°C, and this explains the sudden drop in MS
prevalence (66.3/100000) at Vrbovsko, which has an average
yearly temperature of 7.07°C but of which it’s variation in
temperature from month to month would cross that thresh-
old. The apparent lack of correlation between MS prevalence
and temperature in coastal areas may be due to an amorphous
confound distinctive to areas on a coastline: water immersion
from swimming may cause the same effects on MS develop-
ment by producing the same physiological stresses as atmos-
pheric cooling, and thus may cause notable increases in MS
prevalence which are hard to define by weather patterns be-
cause not everyone will engage in this activity and be exposed
to the physiological risks it would present.!

In addition to this possibility, some correlations between
cancer and MS in Croatia have been made.''? TRPMS has
been shown to be abnormally expressed in a number of dif-
ferent tumors.!>!3 It has been directly associated with pan-
creatic cancer, which was the strongest association noted
with MS prevalence and incidence in Croatia (non-coastal
areas: P < 0.0003, coastal areas: P < 0.009)."* In addition
TRPMS has been shown to be strongly expressed in lung
epithelial cells® and associated with lung cancer in at least
one study' which could explain the otherwise difficult to
explain association between lung cancer and MS prevalence
(non-coastal: NS, coastal: P< 0.03). By comparison stomach
cancer does not correlate with MS prevalence!? even though
colorectal cancer was associated with MS prevalence in both
coastal and non-coastal areas (non-coastal areas P < 0.0007,
coastal P < 0.04). Colon cancer was also associated with MS
prevalence (P < 0.045) in non-coastal areas. This makes the
connection between abnormal TRPMS expression and these
particular cancers strong and shows that the same receptor
may be responsible for cancers that have been correlated
with MS.

6. CONCLUSIONS

Average yearly temperature is associated with MS preva-
lence in Croatia. It is significantly associated with MS preva-
lence in non-coastal areas and not in coastal areas. The aver-
age yearly temperature with the highest association with MS
prevalence when variation is accounted for is 10.87°C, and
the variation towards which MS prevalence demonstrates
the greatest difference is between 7.90°C and 8.29°C, which
is close to where the TRPMS has been demonstrated to cease
being reactive.” An increase in MS prevalence in some loca-
tions with increasing temperature from 10.32°C to 11.16°C
is due to crossing the threshold of TRPMS receptor activity
and crossing the temperature of 10.87°C that demonstrates
peak MS prevalence when variation is considered.
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ABSTRACT

Introduction: Italy is an exception to the association of increasing Latitudi-
nal prevalence of multiple sclerosis (MS) with temperature. This is noteworthy
because even though northern Italy’s average yearly temperature is significantly
colder than southern Italy’s MS rates are lower instead of higher. If the reason
for this inverse epidemiology of MS were determined it would give important
insight as to the causes of MS.

Aim: This study was done to determine if variation towards a particular tempe-
rature was responsible for MS prevalence rates in Italy.

Material and methods: Multivariate analysis was used to determine ave-
rage yearly temperatures that had the highest effect on MS prevalence rates and
variation towards which MS rates would be the most affected. Multivariate analy-
sis was used to determine the significance of a correlation between average yearly
temperature and MS prevalence. When this was determined the same method
was repeated with variation towards a particular temperature.

Results and discussion: The results showed the average yearly temperatu-
re at which MS prevalence rates peaked was 10.11°C and the temperature towards
which temperature variation would have the most significant impact on preva-
lence rates was 8.60°C.

Conclusions: The temperature that both the average yearly temperature and
variation towards a particular temperature has the most impact on MS prevalen-
ce rates corresponds to the point at which the TRPMS8 thermoreceptor peaks in
activity and below which it ceases to be reactive, respectively. That receptor has
been shown to be a mediator of immune system function. It’s dysfunction could
explain the development of MS.
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1. INTRODUCTION

Multiple sclerosis (MS) is a condition that has been asso-
ciated repeatedly with latitudinal prevalence: the further
north a prevalence rate is tested for the higher the rates of
MS are typically reported. Italy does not follow this trend:
Sicily, which is located to the south of the mainland, has
higher prevalence rates’” than the mainland.*® Northern
Italy, however, has lower rates on the average!®!® than either
Sicily or southern Italy. Most of this variation has been at-
tempted to be explained as due to genetic pool differences
within Italy.'*" There is some truth to this: Sardinia has
some of the highest rates of MS in the world at between
144-152 cases per 100000 population'®” and it’s residents
are genetically different than mainland Italy. Malta also has
an ethnically unique population and has much lower rates
(4 cases per 100000 population)'® than the rest of Italy. In
northern Italy there is one population of ethnically distinct
people in Valle d’Aosta which are reported to have higher
rates of MS than the rest of Italy (90 / 100000)" although an-
other study has questioned this with a rate of 39 / 100000.1°

One factor that has not been explored is whether average
yearly temperature is a factor that explains this reversed lati-
tudinal MS prevalence rates in Italy. The Alps in Northern
Italy provide extremely cold temperatures in some locations
while more southerly locations like Sicily provide compara-
tive warm ones. This makes the apparent reversed latitudinal
trends even more intriguing because the temperature gradi-
ent appears to be consistent with what would be expected of a
northerly direction — and that gradient is exaggerated further
because of the Alps. If there is a specific temperature range
in which MS prevalence rates would be expected to increase
then it is possible that by comparing average yearly tempera-
ture with MS prevalence rates in Italy a peak temperature for
association with MS development could be determined. It’s
also possible to analyze yearly temperature variation in or-
der to determine if there is a particular temperature at which
variation above or below that temperature would be expected
to affect MS prevalence rates.

2. AIM

The purpose of this study is to examine whether a corre-
lation exists between MS prevalence rates, average yearly
temperature, and monthly variation throughout the year in
Italy that explains the difference between Italy’s MS preva-
lence rates and the general worldwide trend of increased
latitudinal incidence for MS.

3. MATERIAL AND METHODS

Numerous studies done at later dates appear to be show-
ing drastic increases in MS prevalence?»? — particularly in
Sicily.?** The reasons for this increase in prevalence has
not been explained and could well be due to methodologi-

cal study method changes or diagnostic criterion changes
that have taken place since 2000. Studies consulted (n = 16)
were done prior to 20005 and were examined for preva-
lence rate. Their locations were then matched for average
temperature and temperature variations based on data from
the Norwegian Meteorological Institute.” Average yearly
temperature was defined as data collected from 1961-1990.
In order to determine an average yearly temperature with
the highest MS prevalence rate the average yearly tempera-
tures was subtracted from temperatures between 1°C-14°C
and the absolute value of the result was calculated in data
analysis of Excel 2013 (Table 1) as multivariate analysis with
MS prevalence rate and average temperature variation set as
independent variables and the absolute difference calculat-
ed as the dependent variable. Variation was determined in
this test by determining standard deviation of temperature
throughout the year. The way a temperature with the high-
est significance was determined was to use the intercept of
the absolute value of all locations to determine the point at
which the significance level was the highest. The result in
this test was determined to be significant if P < 0.05.

The way variation was calculated was that the variation
from that temperature in a given month was subtracted
from the temperature of highest MS prevalence that was
determined first and an absolute value was taken for that
difference. Each of these values was collected monthly and
then added together from the entire year. Multivariate anal-
ysis was then conducted with the added difference as the de-
pendent variable and the set difference from the determined
temperature of high significance for each location and MS

Table 1. MS Prevalence Rate, location of tested area, Avera-
ge Yearly temperature of that area, and the difference from
10.11°C of that area.

MS preva- A 1 Average dif-
lence rate Location verage yearly ference from
per 100000 temperature 10.11°C
58 Vallagarina- 2.23 7.89
overeto
45 Biella 11.27 1.16
90 Valle D’Aosta -5.63 15.74
38 Macerata 12.70 2.59
43 Ascoli Piceno 14.45 4.34
53 L 4.98 5.12
rovince
35 Salerno 9.20 0.91
62 Terni Province 13.23 3.12
56 Vaidarno- 245 7.65
irenze
69 Ferrara province 13.02 291
52 San Marino 13.04 2.93
61 1;,“"“?63“ 16.79 6.68
rovince
45 Bagheria 17.99 7.88
51 Caltanissetta 17.55 7.44
53 Enna 13.67 3.56
58 Catania 17.66 7.55
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prevalence rates as independent variables. This was done
under regression in ‘data analysis’ of Excel 2013. Signifi-
cance was determined if P < 0.01. The highest confidence
interval is necessary because since the highest probability
of temperature has already been selected then it would re-
quire a higher confidence interval to determine whether
the results of the second test are truly valid. Additionally,
because of the potential confounds that could be presented
by genetically distinct populations Sardinia and Malta are
not included in the analysis. Due to its later date of study
the Valle D’Aosta prevalence rate of 90 / 100000 was used.
The locations tested are shown in Table 1. Before conduct-
ing these tests multivariate analysis was used to determine if
the association between these factors was significant.

4. RESULTS

The results for multivariate analysis of average tempera-
ture and temperature variation were highly significant (P
< 0.0003) meaning that an association was present. Average
temperature was then plotted between 1°C and 14°C (Figure
1). The results showed that the highest point of significance
was 10.11°C (P < 0.0016) with a range of significance be-
tween 13.25°C (P < 0.05) and 7.70°C (P < 0.05). This marks
10.11°C as the temperature that amount of variation from
a given temperature will be tested. Variation from 10.11°C
showed the highest point of significance for variation from
that temperature was 8.60°C (P < 0.005) with a range of
significance by 1% confidence interval of 7.5°C and 9.3°C
(Figure 2).

5. DISCUSSION

One of the limitations on this study was the fact that there
were almost no prevalence rates reported for an area with an
average temperature between 11.26°C and 4.98°C. Salerno,
alone, was a sole representative with an average temperature
of 9.20°C and a prevalence rate of 35/ 100000.!° This leaves
a small degree of uncertainty about how accurate the peak
variation result is, since it cannot be compared to any MS
prevalences in the study itself. However, study of the high-
est incidences of MS in the world — The Orkney Islands and
the Shetland Islands — reveal that the average yearly tem-
perature of those islands is very close to this predicted av-
erage. The Orkneys have an average temperature of 7.83°C
and a prevalence rate of 193 / 100000.”” The Shetlands have
an average temperature of 7.12°C and a prevalence rate of
152 /100000.% Additionally, their variations in temperature
are very narrow, at 2.95°C and 2.84°C? respectively, which
means that these locations are never very far away from the
average temperature.

A temperature sensor in the body named the TRPMS re-
ceptor has an active range between 8°C-28°C.%” It’s activity
has been shown to peak between 8°C and 10°C.%*-3' Immune
functions have been associated with this sensor and some of

reduces MS prevalence

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1

Signficance by Confidence interval

Average Yearly Temperature C at which difference

Figure 1. Average yearly temperature at which a differen-
ce from that temperature is associated with a reduction in
MS prevalence rates. Peak MS prevalence is associated
with the average difference from 10.11°C. This tempera-
ture is with variation considered a factor, not without.

Temperature in C
oOr N W B U O N ®©®

0 0,005 0,01 0,015 0,02 0,025 0,03 0,035
Significance (Confidence interval)

Figure 2. Variation from 10.11°C as a function of MS pre-
valence. The results show that 8.60°C is the peak tempe-
rature around which variation towards would be predicted
to have the greatest effect of changing MS prevalence.
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Figure 3. Incidence rates of ALS (n = 13, P< 0.01) and
SLE (n = 12, P < 0.02) vs. the average yearly temperature
of the location tested.

these have been linked to the central nervous system.??* It is
possible that this temperature sensor in the body, if dysfunc-
tional, is associated with the incidence of MS reported in the
world and may explain temperature dependent incidences
and prevalences of multiple sclerosis. The reason why varia-
tion towards a particular temperature would affect the results
is presumably because this is roughly the point at which the
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TRPMS receptor would cease to be reactive and crossing this
point would cause prevalence rates to rise or fall. Northern
Italy’s average temperatures were also below the reactive
range of this receptor, which could explain why that regions’
MS prevalence rates were lower than the rest of Italy.

Systemic lupus erythematosus (SLE) is a similar disease
to MS3** that has been speculated to be autoimmune. Its de-
velopment occurs roughly 10 years later than the average
onset of MS. Like MS it is significantly more common in
women than men, although that development is even more
lopsided with a 9 : 1 ratio of female to male patients. Far
fewer epidemiology studies on SLE prevalence or incidence
have been done than MS, but those that do have shown a
similar correlation between SLE incidence in the United
Kingdom? — where the highest rates of MS in the world ex-
ist — and those of Ferrara province in Italy: UK rates ranged
between 3.56 / 100000 and 7.62 / 100000, whereas the inci-
dence rates in Ferrara were an average of 1.92 /100000 from
2000-2002.>* The association between the average yearly
temperature of these locations and SLE incidence was sig-
nificant (n = 12, P < 0.02) (Figure 3) which strongly sug-
gests that the factors that affect MS development also regu-
late the development of SLE development. Prevalence rates
for Ferrara were calculated at 57 / 100000,* which would
suggest that SLE is similar in geographic distribution and
prevalence rates to MS if the correlation between incidence
rates was directly associated with prevalence rates. The re-
duction between MS prevalence and SLE prevalence could
be entirely accounted for by the more advanced age of SLE
development.

Amyotrophic lateral sclerosis (ALS) is another autoim-
mune condition with a very late age of onset (after 53 at the
earliest, in general after 65)* and a much lower life expec-
tancy than either MS or SLE. It is also a much rarer disease
owing to the shorter life expectancy at higher ages and as a
result prevalence rates are not well studied. Incidence rates
for ALS do show a significant association between average
yearly temperature and location®”* (n = 13, P < 0.01) (Fig-
ure 3) suggesting that development of ALS may be governed
by the same factors that affect MS development. It is worth
noting that one location from Northern Italy* (Figure 3)
has a drop in ALS incidence consistent with the cutoff point
of the TRPMS receptor.

6. CONCLUSIONS

The fact that multivariate analysis was significant is re-
markable because neither temperature variation (P < 0.40)
nor average temperature (P < 0.10) were significant by
themselves. Only by combining the two variables was a sig-
nificant correlation established between average yearly tem-
perature and MS prevalence. This is largely due to the fact
that no average yearly temperatures were reported between
9.20°C and 4.98°C — which made this multivariate analysis
necessary. The results demonstrate that the most common
average temperature when variation was included to expect

MS prevalence to increase is 10.11°C and the temperature
towards which variation could cause a change in prevalence
was 8.60°C. This roughly reflects the cutoff point for activity
of the TRPMS receptor.?
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ABSTRACT

Introduction: The widespread use of routine ultrasound (USG) of abdomen
has led to increased detection of asymptomatic gallstone disease. The cholecy-
stectomy is the gold standard treatment for symptomatic gallstones. However,
there is always a controversy regarding management of silent gallstones.

Aim: Present study designed to analyze the incidence of diverse histological
changes found in gallbladder mucosa in silent gallstone diseases.

Material and methods: We evaluated the mucosal changes in 135 specimens
collected from patients undergoing routine cholecystectomy for silent gallstone di-
sease for a period of 2 years. After gross examination, the specimens were formalin
fixed. Sections were taken from different areas of formalin fixed gallbladder, sta-
ined with hematoxylin and eosin and examined under light microscope.

Results: Abnormal mucosa was found in 86 (63,70%) cases of gallbladder grossly.
On microscopy, chronic cholecystitis was found in 121 (89,63%) cases and xantho-
granulomatous cholecystitis found in 4 cases (2,96%). Follicular cholecystitis was
found in 5 (3,70%) cases. Cholesterolosis was found in 25 (18.52%) cases. Epithe-
lial adenomatoid hyperplasia and papillary hyperplasia were found in 1 case each.
Eighteen (13.33%) cases of Gastric metaplasia, 6 (4.44%) cases of intestinal meta-
plasia, 1 (0.74%) case of dysplasia and 2 cases (1.48%) adenocarcinoma were found.

Discussion: Silent gallstone diseases, despite being asymptomatic, always
show series of mucosal changes. Data revealed metaplastic changes especially
intestinal metaplasia are associated significantly with dysplastic changes.

Conclusion: Cholecystectomy should be done in all surgically fit silent gall-
stone cases and histopathological evaluation is important in every case to exclude
metaplasia, dysplasia and carcinoma.
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1. INTRODUCTION

Gallstone disease is a major health problem globally includ-
ing India.! Generally, it is told that bile stasis is the main
factor for gallstone formation. The gallbladder functions
not only to store the bile, but also to concentrate it during
the inter-digestive phase by means of salt-dependent water
reabsorption.? Gallbladder epithelium cells and biliary tract
is exposed to high concentrations of potentially dangerous
exogenous and endogenous compounds excreted into pri-
mary bile.? All columnar epithelial cells are lined by a blan-
ket of mucus, a native physiological gel-like secretion which
separates the host mucosal cells from the external milieu.*
The gallbladder mucus plays a regulatory role in cholelithi-
asis as it promotes the nucleation of stones.’ Cholelithiasis is
one of the most common diseases in India with an incidence
of about 4%-6%.¢ Mucus, calcium and lipids act in concert
to form the gallstones.” Gallbladder mucin is one of the key
factors in gallstone formation. However, there is little infor-
mation about the diversity of mucin secretion according to
the stone composition.® A major causative agent for stasis is
gallbladder dyskinesia which in turn may be a consequence
of gallbladder wall pathology.® However, it was observed
that gallbladder tension increased, rather than decreased
during the early stage of gallstone formation.!° Cholelithi-
asis produces diverse histopathological changes in gallblad-
der mucosa namely acute inflammation, chronic inflamma-
tion, glandular hyperplasia, granulomatous inflammation,
cholesterosis, dysplasia and carcinoma.!!

Due to liberal use of USG for abdominal symptoms inci-
dence of gallstone detection is increased manyfolds. Among
all the diagnosed cholelithiasis cases, 50%-70% cases diag-
nosed incidentally during evaluation for other symptoms.
The mucosal epithelium is high columnar with underlying
lamina propria. Gallbladder mucosal changes depend on the
number and type of stone, duration of disease, age and gen-

Table 1. Patient demographic data.

Mean age 45 years
(10-76 years)

Male 60

Female 75

Age of patient

16 weeks
(3 days to 12 years)

Mean duration of sugey
Since detection

Single stone 45

Multiple stones 90

Table 2. Type of stone.

Type of stone Multiple

Cholesterol 17 23 40
Pigment 18 17 35
Mixed 10 50 60
Total 45 90 135

Comments: 2 P value = 0.001.

der of the patient. Depending on the chronicity of the dis-
ease, gallstone causes varieties of mucosal changes ranging
from inflammation to metaplasia and dysplasia.'?

2. AIM

Present study designed to analyze the incidence of diverse
histological changes found in gallbladder mucosa in cholecys-
tectomy cases for asymptomatic gallstone disease for predic-
tion of future complications in relation to age and gender of
the patient that may guide for a proper management. Clinical
profile and macroscopic changes in the gallbladder mucosa
in patients undergoing cholecystectomy were also evaluated.

3. MATERIAL AND METHODS

This study was carried out during February 2013 to Feb-
ruary 2015 on 135 patients undergoing cholecystectomy for
asymptomatic gallstone disease. Mean duration of surgery
from detection varies from 4 weeks to 10 years. Patients with
high surgical risk, patients at extremes of age less than 10
years or over 80 years and patients with pregnancy were ex-
cluded from our study group. Detailed gross examination
of the resected specimens with number and type of stone
were studied. Parameters for gross inspection includes:
appearance of serosal surface, wall thickness, mucosal tex-
ture, cystic duct. For microscopy, the specimens were fixed
in 10% formalin and sections were taken from body, fun-
dus, neck and abnormal looking sites. They were stained
in haematoxylin and eosin stain and seen under light mi-
croscope. The different microscopic changes like inflamma-
tion, hyperplasia, cholesterolosis, metaplasia, dysplasia and
CIS were studied.

Table 3. Operative findings /Gross features.

Macroscoping finding Features Number Percz;il)tage
Normal 106 78.5
Serosal surface
Congested 29 21.5
Normal 17 12.6
Thin walled 97 71.9
Wall
Thick walled 16 11.9
Focal thickening 5 37
Normal 49 36.3
Ulcerated 11 8.1
Mucosa Haemorrhagic 7 5.2
Atrophic 54 40.0
Nodular 14 10.4
Stone impacted 4 3.0
Cystic duct
Wide cystic duct 4 3.0
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4. RESULTS

Out of 135 cases 60 were male and 75 female. Though the
number of affected female was more as compared to male
but it is not significant (P = 0.085). Mean age of presenta-
tion was 45 years (10-76 years). Multiple stones were found
in 90 cases and single stone in 45 cases (Table 1). Most com-
mon type of stone found was mixed type in 60 (44.4%) cases,
followed by cholesterol stone in 40 (29.6%) cases and pig-
ment stone in 35 (25.9%) cases (Table 2). On gross examina-
tion serosal surface was found normal in 106 (78.5%) cases
and congested in only 29 (22.5%) cases. The wall thickness
found normal (3 mm) in 17 (12.6%) cases, thin walled (<3
mm) in 97 (71.9%) cases, thickened in 16 (11.9%) cases and
focal thickening was found in 5 (3.7%) cases. Impacted stone
in cystic duct was found in 4 (3.0%) cases, wide cystic duct in
4 (3.0%) cases and rest were found normal. On macroscopic
examination of mucosa, it was found normal in 49 (36.3%)
cases, ulcerated in 11 (8.1%) cases, haemorrhagic in 7 (5.2%)

Figure 1. Chronic cholecystitis: Chronically inflammed
mucosa with lympho-plasmacytic infiltrate in the wall.

Figure 3. Xanthogranulomatouscholecystitis: Wall of the
gallbladder infiltrated with sheets of foamy histiocytes,
lymphocytes, plasma cells and multinucleated giant cells.

Table 4. Microscopic changes with gender*.

Changes

Chronic cholecystitis
Eosinophilic cholecystitis
Follicular cholecystitis

Xanthogranulomatous
cholecystitis

Cholesterosis

Papillary hyperplasia
Adenomatous hyperplasia
Gastric metaplasia
Intestinal metaplasia
Dysplasia

Adeno ca

Total

Male

38
0
2

10

—= O N N O

Comments: * T test: P = 0.226638.

Figure 2. Cholestesterosis: Sheets of foamy macrophages
infiltration in the lamina propria.

Figure 4. Lymphocytic cholecystitis: Wall of the gallblad-
der shows multiple lymphoid follicle formation.

Female

83
1
3

3

15
13
1
11

Total

121

25
23

18
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Table 5. Mucosal changes according to age group.

Age groups

Changes

10-19 20-29 30-39 40-49 50-59 60-69 70-79 Total
Chronic cholecystitis S 28 26 18 25 15 7 124
Eosinophilic cholecystitis 0 0 0 1 0 0 0 1
Follicular cholecystitis 0 0 2 1 1 1 0 5
Xanthogranulomatous cholecystitis 0 0 0 1 2 1 0 4
Cholesterosis 0 2 4 6 8 3 2 25
Papillary hyperplasia 0 0 1 3 5 6 8 23
Adenomatous hyperplasia 0 0 0 1 0 0 0 1
Gastric metaplasia 0 3 6 S 2 1 1 18
Intestinal metaplasia 0 0 1 1 3 3 0 8
Dysplasia 0 0 0 0 0 1 0 1
Adeno ca 0 0 0 0 1 1 0 2
Total 5 33 40 37 47 32 18 212

Figure 5. Gastric metaplasia: Mucosa showing lobules of  Figure 6. Intestinal metaplasia: Intestinal type glands
pyloric gland. with goblet cell metaplasia.

Figure 7. Dysplasia: Glands showing high grade dyspla- Figure 8. Adenocarcinoma: Infiltrative neoplastic glands
sia limited to mucousa. in the lamina propria and muscularis propria.
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cases, atrophic in 54 (40.0%) cases and nodular in 14 (10.4%)
cases (Table 3). On microscopic examination, chronic chole-
cystitis reported in 121 (89.6%) cases (Figure 1). Twenty five
(18.5%) cases of cholesterolosis (Figure 2), 4 (3.0%) cases of
xanthogranulomatous cholecystitis (Figure 3), 1 (0.7%) case
of eosinophilic cholecystitis and 5 (3.7%) cases of follicular
cholecystitis (Figure 4) were noted. In hyperplasia of muco-
sa, adenomatous hyperplasia in 1 (0.7%) case and papillary
hyperplasia in 23 (17.0%) cases were seen. Gastric metapla-
sia (Figure 5) was reported in 18 (13.3%) cases, intestinal
metaplasia (Figure 6) in 6 (4.4%) cases, dysplasia (Figure 7)
in 1 (0.7%) case and adenocarcinoma (Figure 8) in 2 (1.5%)
cases (Table 4). Analyzing the age gradient, papillary hy-
perplasia, gastric metaplasia and intestinal metaplasia were
found in age group of 50-79, 30-49 and 50-69 years respec-
tively. Dysplasia and adenocarcinoma were found in 60-69
years age group (Table 5).

5. DISCUSSION

Cholelithiasis causes injury to mucosa and leads to a series
of changes ranging from inflammation, hyperplasia, choles-
terolosis'® and precancerous condition like metaplasia, dys-
plasia and neoplastic lesions.!* It is the most common cause
of gallbladder cancer worldwide.” In the present study, we
have taken patients undergoing cholecystectomy for asymp-
tomatic gallstones. Their age ranges 10-79 years. Maximum
cases are in the age group of 5* decade (23.7%) followed by
4% (21.5%) and 3 decade (19.2%). Mean age in the present
study is 45 years where as in study by Sood et al. and Ba-
narjee et al. it was 43.5 years and 39.5 years, respectively.
Male to female ratio is 1 : 1.25 where as in other studies
it ranges from 1 : 3.2 to 1 : 6.5.! This may be due to type
of patient and regional variation. In present study chronic
inflammation was the most common finding found in 90%
cases. This coincides with the study by Sood et al. where
they found 92% cases were having chronic cholecystitis.
Features of acute cholecystitis was not found in our study
where as study by Vahini et al. (2015) showed 18.3% cases
having acute cholecystits.”” This can be explained on basis
of patient selection criteria and their duration between di-
agnosis and resection of gallbladder. We found eosinophillic
cholecystitis in 1 (0.7%) case which is similar to a study by
Kaur et al. (0.78%) and Vahini et al. (0.9%). Many hypoth-
eses proposed for eosinophilic cholecystitis® but in our case
it may be idiopathic. Xanthogranulomatous cholecystitis
was found in 4 (3.0%) cases. Non-neoplastic lesions were
found in 80% cases and maximum cases (66.6%) were associ-
ated with multiple stone. Similar result was found by Goyal
et al. (2014)° who showed multiple stones are more com-
mon than single stone (72%)."* Mixed stone was the most
common type of stone (44.4%) in our study. Cholesterol and
pigment stones were found in 29.6% and 25.9% cases, re-
spectively. In present study we found metaplasia associated
with chronic cholecystitis in 19% cases. Out of which antral
metaplasia and intestinal metaplasia are 13% and 6%, re-

spectively. In contrast, a data given by Mukhapadhyay and
Landas?® where antral and intestinal metaplasia were 59.5%
and 9.8%, respectively. They have demonstrated the age gra-
dient in progression of disease from antral-type metaplasia
to intestinal metaplasia to dysplasia.?’ Similar age gradients
were seen in our study. We found antral type metaplasia
more common in age group 30-50 years, intestinal metapla-
sia in 50-69 years age group and dysplasia in 60-69 years age
group. However, incidence of dysplasia alone was very low
(0.7%) compared to simillar studies. Albores-Saavedra et al.
found dysplasia in 13.5% of Mexican patients and Duarte et
al. also reported similar findings (13.6%) from Chile. This
differences in incidence of dysplasia in our case series can be
explained by factors like smaller sample size, inter-observer
variation of precursor lesions and the most importantly ge-
ographic and racial differences. Adenocarcinoma was found
in 2 (1.5%) cases above 60 years. Occurence of gallbladder
cancer is more related to duration of gallstone disease not to
age of patient.?’ A study by Behari et al. shows after 13 years
of follow up in asymptomatic case and only 0.2% of them di-
agnosed to have cancer.?! According to some autopsy studies
only 1%—4% of patients with cholelithhiasis developed can-
cer compared to those not containing gall stone. Treatment
of silent gallstone disease is still a mater of confusion to sur-
geons. Shukla et al. reported highest incidence of gallblad-
der carcinoma in the world in Indo-Gangetic belt of India.?

6. CONCLUSIONS

As explained by present study there is an age gradient
change from inflammatory pathology to metaplasia and
then dysplasia. The incidences of malignant and premalig-
nant cases are increasingly being detected. Therefore, in all
cases of silent gallstone disease, gallbladder should be re-
sected if patient condition permits.
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ABSTRACT

Introduction: Acute myeloid leukemia (AML) is a type of cancer that affects
the blood and bone marrow, characterized by the rapid growth of abnormal white
blood cells.

Aim: The aim of the present study was to evaluate the inhibitory effect of hu-
man embryonic stem cell — conditioned medium (hESC-CM) on the prolifera-
tion of human leukemic HL-60 cells.

Material and methods: We measured proliferation of myeloid leukemia
cell by XTT assay. Also cell cycle and apoptosis was measured by flow cytometry
after the cells stained.

Results and discussion: Our experiment indicated that the human em-
bryonic stem cells conditioned medium has anti-proliferative effects on the pro-
gression of HL60 cell. HL60 cells were treated with conditioned medium; the re-
sults of the flow cytometry demonstrate that hESC-CM was capable of increasing
apoptosis of HL.60 cells and inhibit the cell cycle progression.

Conclusions: Our results show that Human embryonic stem cell conditioned
medium contain factors that are able to inhibit the growth and inducing apopto-
sis of HL60 cells, which may represent a novel therapeutic approach for leuke-
mia. However, further investigation is needed to identify the role of these factors.
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1. INTRODUCTION

Acute myeloid leukemia (AML) is a type of malignancy he-
matopoietic cells, characterized by the rapid growth of ab-
normal white blood cells. AML is recognized as the ordinary
form of acute leukemia among adults with higher outbreak
in older patients. At present, the basic therapy for leukemia
includes allogeneic hematopoietic stem cell transplantation,
chemotherapy and immunotherapy.! However, its survival
rates remain down because of inappropriate selection of re-
cipients and transplant donors, the high relapse rate, incon-
venience of chemotherapy and hard complications.? Hence,
the exploration of new methods for AML therapy is an ever
ecumenical interest. Although pluripotent stem cell is an
attractive source for regenerative medicine, one of the ma-
jor concerns of cell therapy is defective in vitro cell differ-
entiation, which may form teratomas in recipient tissues.>”
Some studies demonstrated useful effects of paracrine factors
secreted by stem cells in various diseases. The secreted fac-
tors contain secretome, exosome, etc. which can be detected
in the medium. Thus, this medium is called supernatant or
conditioned medium (CM). The use of CM has several ex-
cellences against the use of stem cells. For example, those
produced, packaged, and transported for CM are more easily
than stem cells and since the CM is acellular, there are no
transplant rejection problems and high risk development of
cancer.®’” Examinations in recent years have shown that em-
bryonic stem cells (ESCs) make anti-tumor effects in both
vitro and vivo.®!? Researches have revealed that the embry-
onic microenvironment plays a key role in blocking cancer
cells proliferation.®*> We hypothesized that ESCs could
secrete soluble factors that are capable of arresting cancer
cells proliferation. Previous studies have demonstrated that
human ES cells and embryonic zebrafish microenvironment
could suppress the tumorigenicity of breast, prostate and
metastatic melanoma cancer cells.!*!® Giuffrida et al. assessed
effect of hES cells conditioned medium on human epithe-
lial, ovarian, prostate and breast cancer cells proliferation.
In their study, cancer cells proliferation were reduced after
exposure to hES cell-conditioned media.!” Considering that
there are slight reports in relation with antitumor effect of
embryonic stem cells conditioned medium on cancer cells.

2. AIM

The aim of the study was to evaluate the inhibitory effect of
human embryonic stem cell-conditioned medium (hESC-CM)
on the proliferation of human leukemic HL.-60 cells.

3. MATERIAL AND METHODS

3.1. Cells and reagents

The HL-60 cell obtained from the Iranian national cell bank
(Pasteur Institute, Tehran, Iran). hESC and MEF cell was
purchased from ROYAN Institute (Tehran, Iran). RPMI

1640 medium (Bio Idea Co., Tehran, Iran) that was used for
positive control. DMEM/F12, knockout serum, non-essential
amino acids (NEAAs), L-glutamine, penicillin/streptomycin
(Pen/Strep), insulin, transferrin, selenium (ITS), collagenase
IV solution, 0.05% Trypsin/EDTA solution and PBS were
purchased from Invitrogen Life Technologies (Carlsbad, CA,
USA). Basic fibroblast growth factor (bFGF) was purchased
from ROYAN Institute (Tehran, Iran). Furthermore, dime-
thyl sulphoxide (DMSO), rock inhibitor (Y 27-632) (1 uM),
beta-mercaptoethanol (B-ME), CaCl,, mitomycin C powder
and fetal bovine serum (FBS) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Moreover, colorimetric cell
viability kit with the tetrazolium salt WST-8 (2-(2-meth-
oxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophe-
nyl)-2H-tetrazolium, monosodium salt) was purchased from
Promokine (Heidelberg, Germany). Propidium iodide (PI),
RNase type A and annexin V-FITC were purchased from
eBiosciense (San Diego, CA).

3.2. Cell culture

HL-60 cells were suspended cell types. HL-60 cell were in-
cubated in RPMI 1640 media supplemented with 10% FBS
and 100 1 Penestrapat 37°C in an atmosphere of 5% CO,.

3.3. Stem cell culture

This cell has been of the type adhesion. hESC cell were
cultured in 90 mm dishes coated with MEF cell that had
been mitotically inactivated with mitomycin. We used
hESCs passages 21. These cell were maintained in DMEM-
F12, supplemented with 20% Knockout serum, 0.1Mm
non-essential amino acids, 2 mM L-glutamine, 0.1 mM
B-mercaptoethanol, 100 UugmL Penstrep, 5 mg/ug/mL
insulin, transferrin, selenium 12 ng/mL basic fibroblast
growth factor and then placed the cells in the incubator at
37°C in an atmosphere of 5% CO,.

3.4. Preparation condition medium

Control conditioned medium were collected by incubat-
ing 10 mL of hESC medium on dish covered with MEF
cells for 24 h and 48 h. hESC conditioned medium was
obtained by incubation of stem cells on a dish covered with
MEF cells with 10 mL stem cell media for 24 h or 48 h.
Stem cells should be examined for stem cell markers such
as SSEA1, TRA-1-60, TRA-1-81 to undifferentiate during
the time intended. Feeders were plated at 600000 cells per
plate and hESCs were plated at 1000000 cells per plate.
Then conditioned medium was harvested from the dishes
with the initial centrifuge at 3000 rpm for 5 minutes, and
then it was passed through a 0.2 um syringe filter to re-
move cellular debris.

3.5. Cell proliferation assay

Cell growth and cell viability was assessed using the Col-
orimetric Cell Vability Kit (WST-8) based on the reduction
of tetrazolium salt to soluble formazan compounds by mi-
tochondrial enzymes. Cells (5000 cells/well) with growth
medium were seeded in a 96-well plate and cells then in-
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cubated with different conditioned media for each experi-
ment. At the end of the incubation time-periods (24 h ,48 h)
10 1 CCKS solution was added to each well to be analyzed
and cells were incubated for 4 h at 37°C. After an incubation
period of 4 h the absorbance of the samples was measured
using an ELISA reader at 450 nm.

3.6. Apoptosis assays

The cell apoptosis was assessed by dual staining with an-
nexin V-FITC and PI. Cells were plated at a density of
200000-250000 cells/well in 2 mL of growth medium or
CM in 6-well plates. HL-60 was treated with conditioned
media: day 2 MEF-CM as control and day 2 hESC-CM for
48 h. HL-60 cells were centrifuged and washed in PBS then
they were resuspended in 100 uL. binding buffer and were
stained with 5 uL of annexin V-FITC and 10 L of PI for 15
minutes in the dark and analyzed by flow cytometry.

3.7. Cell cycle analysis

Cells were plated at a density of 106 cells in 6 mL of growth
medium or CM in flask then cultured for 48 h. After har-
vesting, washing and resuspending in 1 mL PBS, then 2 mL
FCM buffer and resuspended in 500X sodium citrate solu-
tion containing 3 uL. of RNase and 15 uL of PI. Cells were
analyzed by flow cytometry.

3.8. Statistical analysis

Results are reported as mean = standard error of the mean
of three to six replicates per group. Data were analyzed using
oneway ANOVA and Tukey test using SPSS (V.20, USA). A
statistically significant difference was accepted when the P
value was lower than 0.05.

4. RESULTS

4.1. Effects of hESC-CM on HL60 cell prolife-
ration

The present study initially investigated anti-cancer effect of
human embryonic stem cells condition medium on the pro-
liferation of HL60 cells in vitro. We examined the population
progression of HL60 cells exposed to 1 and 2 day hESC CM
by the cell counting kit-8 assay or haemocytometer counting
(Figure 1). hESC-CM exhibited significant decrease in cell
proliferation rate in HL60 in the experimental group after
48 h. CM was collected from MEF alone as main control
and RPMI medium + 10% serum and embryonic stem cell
medium were used as additional controls. There was no dif-
ference between cells exposed with the control groups after
48 h (Figure la). Incubation of the HL60 cell with one day
hESC-CM suppressed cell proliferation significantly, after
48 h of culture. Utilization of two day CM caused stronger
suppression compared to one day CM (Figure 1b). Results
revealed significant difference in percent cell viability be-
tween treatment and control groups in the direct cell counts
(Figure 1c).

4.2. Effect of dilutions of hESC CM 48h on
HL60 cancer cell proliferation

Furthermore, in the next experiments the anti-proliferative
effect of CM on HL60 cell was evaluated by incubation with
dilution of CM 1 : 1 with fresh medium. Cell propagation
should not be suppressed if the effect was due to cell hunger.
Data cell counting kit-8 assay indicated significant inhibi-
tory effect of two day hESC-CM 50% on HL60 cell prolifera-
tion after 48 h incubation (Figure 2).

Figure 1. The effect of hESC-CM on the proliferation of
HL60 cancer cells. HL60 cells were treated with MEF-
-CM, hESC-CM, RPMI and ES media and incubated for
24-48 h. (a) HL60 cell proliferation did not change signi-
ficantly between the control groups. (b) The number of
HL60 cell was less significantin the treated groups than
the control groups.(c) Percent cell viability decreased si-
gnificantly in the treatment group. Values are presented
as the mean * SD of six replicates (* P < 0.05,** P <
0.001 vs. control).
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Figure 2. The effect of dilutions of 2 day hESC-CM on
the proliferation of HL60 cancer cells. HL60 cells were
exposed to hESC-CM 50% and 100% dilution for 48 h.
Treatment of hESC-CM led to a significant reduction in
the cell number versus control. Values are presented as
the mean * SD of six replicates (** P < 0.001 vs. control).

4.3. hESC-CM did not affect the population
proliferation of MNC

To demonstrate the therapeutic effect, we investigated abil-
ity of CM to suppress cell proliferation of normal mononu-
clear cell (MNC). Cell proliferation was evaluated by XTT
assay. The results showed one, two days hESC-CM did not
change significantly on MNC proliferation than the control
groups. The findings confirmed that there was no inhibitory
effect of CM on normal cells and there is safer clinical ap-
plication (Figure 3).

4.4. Induction of apoptosis of cancer cells by
hESC-CM

As mentioned above two day hESC-CM had the strong-
est effect on cancer cell growth, and then we investigated
whether hESC-CM induced cell apoptosis. HL60 cell were
treated with two day hESC-CM or MEF-CM for 48 h. Cells

Figure 3. The effect of two day hESC-CM on the prolife-
ration of MNC. MNC were treated with two day hESC-
-CM for 24h, 48 h. MNC cell proliferation did not change
significantly after treatment with hESC-CM. Values are
presented as the mean * SD of six replicates.

were stained with annexin and PI and were analyzed by
flowcytometry. Cells that were negative for annexin and PI
are live cells (Q1), cells positive for annexin and negative for
PI, cells underwent early apoptosis (Q2), while cells posi-
tive for annexin and PI, cells underwent late apoptotic (Q3),
(necrotic cells = Q4). We observed increased percentage of
early and late apoptotic cells in the test group more than the
control group (Figure 4).

4.5. hESC-CM treatment induces G1 phase cell
cycle arrest

Evaluation of the cell cycle phase showed that HL60 cells
treated with two day hESC-CM had a marked increase in the
percentages of cells at the G1 phase compared to controls af-
ter 48 h with a significant reduction in both the G2 and S
phase. We found that CM increased the percentage for cells
of G1 from 25.37% in control to 36.04 % (for hESC CM) and

Figure 4. Annexin V-PI apoptosis assay. HL60 cell treated with two day hESC-CM and cells were stained and then
analyzed by flow cytometry. HL60 cells were treated with two day hESC-CM significant induces apoptosis than the
control group. Values are presented as the mean *+ SD of three replicates (P < 0.05 vs. control).
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Figure 5. Cell cycle phase analysis of HL60 cells. HL60 cells incubated with two day hESC-CM for 48 h then analyzed
by flow cytometry. Two day hESC-CM significant induces cell cycle arrest in HL60 cells at G1 phase with a concomi-
tant decrease of cell number in S, G2 phase than the control group. Values are presented as the mean + SD of three

replicates (P < 0.05 vs. control).

decreased cell number in S phase from 48.89% to 41.55% and
in G2 from 22.97% to 14.18%, indicating that hESC-CM may
induce G1 growth arrest in HL60 cells (Figure 5).

5. DISCUSSION

Cancer is an aberration of the normal cell expansion and can
be regulated by signals present in the embryonic microenvi-
ronment. Previous studies demonstrated that the transfusion
of embryonic carcinoma cells into a blastocyst is able to ad-
just cancer cell. The fate of the cancer cells inject into embryo
are induced to die and to arrest growth or they are towards to
differentiating pathways.!® The potential use of hESCs as a
cell appealing source for stem cell therapy is rapidly develop-
ing based on continuous proliferation of their capacity and
can also be induced to differentiate.>'%”” ESCs could produce
clear anticancer effects. ESCs could secrete paracrine and au-
tocrine factors that are capable of regulating cellular behavior
such as slow cancer cells proliferation.!®??! The aim of us-
ing secretions to stem cells is to discover the factors within
it and inhibit tumor cell feature and/or reprogrammed to a
nonaggressive phenotype.''>?? It has recently been observed
that there are factors in a hESC-conditioned matrix that po-
tentially makes the reprogramming of cancer cells.? Studies
reveal that ESC-CM may be a proper alternative to stem cell
transplantation whereas it does not have the potential risk of
developing cancer, but the concentration of soluble factors in
CM and components of the culture medium are improper for

therapeutic use.® In the last decade, a novel research has been
initiated with a focus on the anticancer effects of stem cells
condition medium on tumor growth.”® The exact mechanism
of how SC-CM or their extracts inhibit the progression of
malignant cells is not clear but several studies demonstrat-
ed that the anticancer effects can be mediated by a variety
of mechanisms rather than a single mechanism different for
non-solid and solid cancers.?* These mechanisms are perhaps
to be mediated secrete factors that inhibit the proliferation of
the cancer cells.? Studies are in development to recognize the
unique agents present in the CM that are responsible for the
anticancer effects on types of cancers.!®?? Stem cells inhibit
tumor growth via three pathways: the reduction of prolifera-
tion, induction of apoptosis and the excitation of cell cycle
arrest.”> hESC-CM have been shown to demonstrate anti-pro-
liferation properties. The present study confirmed that CM
from hESC share anticancer characteristics in HL60 cells and
significantly inhibited the proliferation of HL60 cells. Kim
clarified the use of a mES-conditioned matrigel to prevent
growth of human melanoma cells. They detected an gremlin
in the ES cell microenvironment responsible for inhibiting
cancer cell proliferation.?’ Giuffrida et al. assessed the effect
of hESC-CM on human epithelial cancer cell proliferation.
They studied cancer cell proliferation reduction then expo-
sure to hESC-CM as contrasted to the control.! In this study
it was shown that induction of apoptosis by CM is one of the
mechanisms that reduce proliferation of HL60 cells. Studies
have reported that conditioned medium derived from human
Wharton’s jelly stem cells increase autophagy and apoptosis
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of cancer cells.?® Postovit demonstrates that presentation of
cancer cells to the ES cell-conditioned matrigel could prevent
Nodal gene expression in cancer cells leading to apoptosis.?’ It
is recently assumed that in CM such as chemotherapy drugs
releasing hydrogen peroxide (H,0,), the exposure of malig-
nant cells to high H,O, levels after 48 h incubation causes
their death.”* Another anti-proliferation mechanism of the
CM is cell-cycle arrest. Regulation of the cell cycle is neces-
sary to retain harmony between differentiation and prolifera-
tion in cells. Checkpoints are regulating cell cycle arrest or
progression. Cancer occurs when these checkpoints flunk and
damage cells survive. Blocking cancer cells in the G1 phase
or returning the cell cycle checkpoints will arrest the growth
of the cancer.?® In the present study, we found that there was
an enhancement percentage of the HL60 cancer cell in the
G1 phase when the cells were treated with two day hESC-
CM. This enhancement was accompanied whit reduction of
cells in the S and G2 phases compared to cells cultured in
control group. Hence we hypothesized that CM factors arrest
the propagation of cancer cells through the cell cycle. Results
demonstrated that the observed repressive effects were due
to inhibitory factors secreted by hESCs. Lin demonstrated
that conditioned medium drived human umbilical cord
Wharton’s jelly stem cells (hWJSC-CM) possess tumoricidal
effects and significant increases in the percentages of lym-
phoma cells at the G1 phase and increased apoptosis in cell
compared to controls after 48 h of exposure to the hWJSC-
CM.? Cavallari demonstrated that the embryonic soluble fac-
tors are able to decrease cancer cell proliferation by arresting
their cell cycle.” The data showed that human fetal MSC-
CM can inhibit HCC cell proliferation and induction of cell
cycle arrest.’® The results of this study confirmed that both
concentrations of conditioned medium produced significant
reductions of cell proliferation and similar to other studies
demonstrated that evacuation of nutrients in hESC-CM do
not cause the inhibition of cancer cell proliferation.!® Also,
the findings indicated that medium condition derived from
adipose tissue significantly reduced the propagation of B16
melanoma cells in a time dependent manner.*® In addition
to these in vitro evidences, our results showed that hESC-
CM did not induce decrease of proliferation and apoptosis of
normal MNC, indicating that hESC-CM may be promising
candidates for future therapeutic strategies.

6. CONCLUSIONS

In conclusion, our finding show that hESC-CM contain fac-
tors that are able to inhibit the growth and induce of apop-
tosis of HL60 cells, which may represent a novel therapeu-
tic approach for leukemia. However, further investigation is
needed to identify the role of these factors.
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ABSTRACT

Introduction: Cysts are one of the most common lesions found in the stoma-
tognathic system. Cysts cause not only bone defect but may also cause systemic
complications.

Aim: Aim of the study was to investigate influence of odontogenic cysts on
immune system.

Material and methods: 45 patients participated in the study. The study
groups consisted of 15 patients with radicular cysts (IC) and 15 patients with
dentigerous cysts (DC). The control group (C) consisted of 15 healthy patients.
Blood, saliva and sacs of cysts were analysed with use of flow cytometry techni-
que in order to asses number of T lymphocytes.

Results and discussion: Ratio of T lymphocytes in blood and saliva diffe-
red between groups. Analysis of cyst’s sacs showed significantly higher number
of T cells in radicular cysts.

Conclusions: The study has shown that odontogenic cysts have influence on
immune system. T cells play important role in the process of odontogenic cysts’
development. Research stresses how important is fast detection and treatment of
cysts, not only in term of local but also systemic complications.
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1. INTRODUCTION

Cysts are one of the most common lesions found in the
stomatognathic system (Figure 1). This is due to the pres-
ence of numerous epithelial remnants from the developmen-
tal period. Cysts are difficult to detect, because in most cas-
es, clinical symptoms occur when the size of lesion is large.
An important aspect of late diagnosis, beside of significant
losses of bone or facial deformities, is the possibility of ma-
lignant transformation in ameloblastoma or carcinoma.! An
important and still not fully explored issue, is the impact
of local, limited lesions, such as cysts, on the homeostasis
of entire organism, especially the status of immune system,
which has a role in the process of cysts’ formation.
Depending on the type of cyst, the process of lesion for-
mation has different character. Inflammatory cysts, which
constitute about 84.5% of all odontogenic cysts, arise from
the activated by infectious stimuli Malassez cells.? Ethi-
opathogenesis of dentigerous cysts, which are odontogenic
developmental cysts, is related with the epithelium sur-
rounding erupting or impacted tooth. The process of cyst
development results from pathological degeneration of fol-
licle epithelium leading to squamous metaplasia.’ There are
three theories of ethiopathogenesis of dentigerous cysts.
The expansion of space between the tooth germ and germ

Figure 1. CBCT of odontogenic development cyst formed
around imapcted tooth.

Figure 2. CBCT of odontogenic development cysts for-
med around imapcted teeth in mandible.

sac, leading to the formation of cyst, may result from the
pressure on vessels occurring during the tooth eruption.
The pressure may lead the blockade of venous return and
accumulation of fluid and reduction of follicle’s epithelium.
Second theory suggests that, epithelium surrounding tooth
germ combines with remnants of inflammatory radicular
cyst of primary tooth. Remnants of radicular cysts after
combining with follicle sac lead to transformation to patho-
logical dentigerous cyst. Third theory suggests, that epithe-
lium surrounding tooth germ transforms after stimulation
by bacteria from local inflammation in periapical region of
primary root.*

T lymphocytes are responsible for the immunological
answer of organism to pathological stimuli. T lymphocytes
are important part of both, humoral and cell-mediated im-
munity. Immunological reaction with high activity of type
1 T helper lymphocytes (Thl) is associated with high con-
centration of interleukins (IL) IL-2, IL-12, tumor necrosis
factor (TNF) alpha and high activity of osteoclasts.” Thl
lymphocytes activate macrophages and CD8 lymphocytes.
Thl lymphocytes stimulate lymphocytes B, which leads to
production of immunoglobulins, particularly IgG, which
mediates bacteria opsonization and phagocytosis.® In immu-
nological reaction involving Th2 lymphocytes, high con-
centration of interleukins 4, 5, 6, 10 and 13 can be observed.
Th2 lymphocytes have chemotactic effect on mast cells and
eosinophils. Th2 response is also associated with increased
antibody secretion by activated plasma cells. Thl response
is more characteristic for the initial inflammatory lesions,
such as granulomas. Chronic changes are characterized by a
predominance of Th2 response.

2. AIM

Thorough analysis is required, in order to allow recognition
of systemic threats arising from the presence of odontogenic
cysts. Aim of the study was to investigate influence of od-
ontogenic cysts on immune system. Study was designed to
examine whether lymphocytes T have a role in development
of odontogenic cysts and if local lesion significantly influ-
ence status of whole immune system.

3. MATERIAL AND METHODS

The study got approval of Bioethics Committee in Lu-
blin (consent number KE-0254,162,2012 and KE-
0254/147/2014). The study was carried out in accordance
with the ethical principles contained in the Declaration of
Helsinki. The study involved 45 patients. The study groups
consisted of 15 patients with radicular cysts (IC), and 15
patients with follicular cysts (DC). The control group (C)
consisted of 15 healthy patients. All patients gave voluntary
consent in writing to participate in the research.

Patients were qualified for further phases of the study
after taking radiographs of the stomatognathic system
(panoramic X-ray). Changes were asymptomatic. Patients
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enrolled in the study, had no general diseases. Patients had
no addictions and did not receive any medicaments on con-
stant basis.” Patients during last 3 months have not under-
gone any infections. During the clinical examination state of
the oral mucosa, presence of any pathological lesions, dental
status, oral hygiene and periodontal status were evaluated.
The presence of dental plaque on the approximal surfaces
of teeth was evaluated in order to determine approximal
plaque index (API). Examination of periodontium enabled
the assessment of the community periodontal index of treat-
ment needs (CPITN) and sulcus bleeding index (SBI).

Patients selected for further tests, had no acute or ex-
acerbated chronic periodontal disease. The maximum level
of the SBI in patients qualified for further examination was
25%, while the maximum level of CPITN was 3 (grade 3
stands for depth of pockets between 3.5 mm and 5.5 mm).
The study excluded patients with the presence of periodon-
tal pockets deeper than 5 mm. Patients with periodontal
calculus were subjected for oral hygenisation and reassessed
14 days after completion of periodontal treatment. Patients
evaluated for laboratory tests had no pathological lesions
located within the oral mucosa. The threshold for qualifi-
cation in terms of API was 39%, which corresponds as an
optimal or good oral hygiene.

Diagnostic material (blood and saliva) was collected
from patients in fasting state. Non-stimulated saliva was
obtained. Blood was drawn from a cubital vein. Sacs of enu-
cleated cysts were put into saline. Obtained material was im-
mediately transported to the laboratory of Department of
Clinical Genetics of Medical University in Lublin.

Navios flow cytometer (Beckman Coulter) was used to
analyze lymphocytes in venous blood and saliva. Saliva was
diluted in PBS in a ratio of 1:9. The solution was centri-
fuged for 10 minutes at a speed of 1000 rpm. The precipitate
was diluted with 1 mL phosphate buffered saline (PBS) and
pipetted. The resulting solution was filtered twice (Beck-
man Coulter Filter Tip 30 microns); 100 mL of filtrate was
collected and 10 uL of anti-CD3 and CD45 Human APC
EDC Human (Beckman Coulter) were added. The material
was incubated for 15 minutes without accession of light.
PBS (400 mL) were added and cytometric analysis was per-
formed. In each sample 1000 cells were recorded. To the
test-tube containing venous blood 10 uL of anti-CD3 APC
Human and CD45 Human EDC were added. Blood was in-
cubated without accession of light for 15 minutes. Than 0.5
mL of OptiLyse reagent (Beckman Coulter) was added. The
solution was incubated for 10 minutes. After incubation
500 mL of PBS added. The solution was centrifuged for 10
minutes at a speed of 1000 rpm. and incubated for further
5 minutes. The material was then subjected to cytometric
analysis. 10 000 cells in each sample were recorded.

The sac of cyst was homogenized. Obtained suspension
was diluted in PBS at a ratio of 1:9. The resulting solution
was centrifuged for 10 minutes at a speed of 1000 rpm. The
precipitate was once again diluted with 1 mL PBS. The re-
sulting solution was filtered twice using filters (Beckman
Coulter Filter Tip 30 microns); 100 mL of filtrate was col-

lected and 10 mL of anti-CD3 and CD45 Human APC EDC
Human (Beckman Coulter) were added. The material was
incubated for 15 minutes. Then 4 mL of PBS ware added
and cytometric analysis was carried out. In each sample
1000 cells were recorded.

Obtained data was analyzed with program Satistica 8.0.
In order to determine the normal distribution of test results
the W Shapiro-Wilk test was used. In the absence of normal
distribution in order to compare results for three groups
ANOVA Kruskal-Wallis rank test of multiple comparisons
was used. The results of the statistical calculations are pre-
sented in the tables. The risk of inference error of the study
is 5%, which means that the results were significant, if the P
was equal or less than 0.05.

4. RESULTS

The highest average number of T cells in the blood was
found in patients with inflammatory cysts, while the lowest
in the group of healthy patients. The same tendency was
observed in saliva. T cells were found both in radicular and
follicular cysts. Higher count of T cells in cyst’s sac was
found in IC group when compared with DC group, however
it should be noticed that T cells were present in both types
of pathological lesions (Table 1).

On the basis of a Shapiro-Wilk test, hypothesis that
the number of T cells has normal distributions in most
assays has been rejected. For the comparison of lympho-
cytes T counts between particular groups nonparametric
tests were used (ANOVA Kruskal-Wallis rank test and U
Mann-Whitney test). In venous blood distributions of T
cells in the particular groups differed significantly. Analysis
of multiple comparisons test showed significant differences
between the control group and the IC (higher number in
IC group) and between group IC and DC (higher number
in IC). The difference between the C group and the group
of patients with development cyst was not statistically sig-
nificant. In the saliva distributions of T cells in the indi-
vidual groups differed significantly. Multiple comparison
test shoved significant differences between the C group and
the IC group (higher number in patients with inflammatory
cysts) and between the C group and the DC group (higher
number in group of patients with development cysts). The
difference between groups IC and DC was not statistically
significant. By virtue of U Mann—Whitney test distributions
of numbers of T cells in the sacs of the cysts showed statisti-
cally significantly differences between groups. In the group
of radicular cysts T lymphocyte counts are higher than in
the follicular cysts (Table 2).

5. DISCUSSION

Not only pathogens but also patient’s immune system,
which gives a response to a stimuli, are involved in the gen-
esis of inflammatory cysts. The pathological stimulus leads
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Table 1. The results of cytometric analysis of T lymphocytes (CD3+).

Diagnostic material / Group

Blood
C 15
IC 15
DC 15
Saliva
C 15
IC 15
DC 15
Sac of the cyst
IC 15
DC 15

T lymphocytes (CD3+)

M D) A
470.3 546.2 116.1
4391.9 3250.9 74.0
914.3 1276.3 139.6
121.6 403.0 331.4
284.2 314.3 110.6
233.3 215.3 92.3
323 337 104.2
268.9 311.7 115.9

Table 2. Shapiro—Wilk test for T lymphocytes (CD3+), ANOVA Kruskal-Wallis test (with the test of multiple comparisons).

Shapiro-Wilk test

Diagnostic material / Group

ANOVA Kruskal-Wallis

test P for the test of multiple comparisons

w H P C IC DC

Blood

C 15 0.8034 0.0041 - <0.0001 0.6876

IC 15 0.8950 0.0797 21.40 <0.0001 <0.0001 - 0.0033

DC 15 0.5911 <0.0001 0.6876 0.0033 -
Saliva

C 15 0.3027 <0.0001 - 0.0040 0.0019

IC 15 0.7867 0.0025 14.72 0.0006 0.0040 - 1.0000

DC 15 0.8454 0.0150 0.0019 1.0000 -
Sac of the cyst U Mann-Whitney Test

U Z P
IC 15 0.7785 0.0020
DC s 0.8334 0.0102 31.5 3.3390 0.0008

to activation of humoral and cell-mediated immunity. The
humoral pathway is responsible for the control of extracel-
lular microorganisms and toxins produced by these patho-
gens. Cellular immunity participates in the destruction of
damaged or infected cells. T cells are essential in the course
of these two processes. Particular subgroups of CD3+ cells
support and induce a humoral immune response in order
to start production of antibodies and regulatory cells inhib-
it the excessive inflammatory reaction. Present study was
aimed to evaluate the involvement of CD3+ lymphocytes in
the creation and development of odontogenic cysts.

During the process of qualification for laboratory test a
lot of attention was put on the examination of oral cavity.
In order to avoid disturbances of results by an active local
inflammatory processes, patients with acute or advanced
chronic periodontitis were disqualified from further tests.
SBI, CPITN and API did not differ significantly between
the groups. Naiff et al. demonstrated, using flow cytometry
techniques, that chronic periodontitis results in increase in
the number of leukocytes and immunoglobulins in the sali-
va, in comparison with a group of people with healthy peri-
odontium.? The results obtained in present study showed no

significant influence of API, SBI or CPITN on the number
of lymphocytes which suggests that the process of clinical
qualification was carried out properly and results were not
modified by periodontal status. This fact allows to put for-
ward thesis, while taking in consideration fact that patients
enrolled for the study were generally healthy, without any
infections or medications, that changes in the number of
lymphocytes in the individual research materials are result
of influence of odontogenic cyst on immune system.

The ethiopathogenesis of odontogenic cysts was a sub-
ject of interest of many researchers. Kontiainen and cow-
orkers showed that the largest subpopulations of white
blood cells which can be found in the wall of odontogenic
cyst are lymphocytes.” Matsuo and associates in their study,
concerning the presence of immune cells in the odonto-
genic cysts, found that the number of T cells in the sac of
the cyst was dependent on the size of lesion.!° Furthermore,
authors demonstrated that in the symptomatic changes in
the number of phagocytic cells was significantly higher
than in asymptomatic changes. Results obtained during cy-
tometric analysis presented in this study clearly indicated
the involvement of CD3+ lymphocytes in the development
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of odontogenic cysts. Comparative analysis showed that the
number of T cells is significantly higher in radicular cysts
when compared with development cysts. Although, it needs
to be stated that lymphocytes T were found in both inflam-
matory and developmental cysts. The mechanisms involved
in the pathological enlargement of dental follicle are not
fully understood. One theory indicates that the epithelial
cells of follicle are activated by pathological stimuli caus-
ing an inflammatory reaction. The results of present study
showed significant presence of T cells in sacs of follicular
cysts. It needs to be considered that all investigated changes
were asymptomatic and were discovered incidentally during
radiological examinations. This fact suggests a rejection of
the hypothesis of infection of already preset follicular cysts,
which would result in the onset of inflammatory infiltra-
tion. The results strongly suggest that the role of immune
cells in the development of odontogenic follicular cysts is
significant.

Saliva as a diagnostic material has been used by scien-
tists for several years. The advantages of saliva, as a diagnos-
tic material, are easy acquisition and lack of discomfort dur-
ing collection of material, what is especially important in
case of children or disabled patients. Unfortunately, the use
of salivary gland secretion is associated with many difficul-
ties. It is considered, that the content of substances which
can be analyzed is approximately 1000 time lower than in
serum.!! In this study non-stimulated saliva was used. Non-
stimulated saliva includes elements derived from the blood,
which makes it reliable for test concerning the state of the
whole organism. Flow cytometry, which is a very sensitive
detection method, allows obtaining a very accurate evalu-
ation of particular cell populations in saliva. Vidovi¢ et al.
performed cytometric evaluation of particular populations
of white blood cells in the saliva.’? Authors demonstrated
that saliva is dominated by polymorphonuclear cells, but
there are also subpopulations of T and B lymphocytes or
monocytes. The researchers evaluated the number of cells
in the saliva of each patient three times and found that the
results obtained in each measurement are compatible. Flow
cytometric analysis performed in present study indicates
that saliva can be successfully used for assessing subpopu-
lation of T cells. Comparative analysis of saliva between
groups showed that the number of T cells was significant-
ly higher in the study groups when compared with the C
group. The results obtained from saliva correlated with the
results obtained during the analysis of venous blood, but the
differences in the results of flow cytometric analysis of saliva
are larger which makes them statistically significant. This
suggests that the increase of CD3+ lymphocytes in the sa-
liva may suggest the existence of an odontogenic cyst in the
stomatognathic system.

In present study we wanted to evaluate the effect of od-
ontogenic cysts on the status of immune system. This issue
has not been broadly investigated in past. Anil et al. evalu-
ated the presence of immune complexes in patients who were
diagnosed with chronic periapical changes or odontogenic
cysts.!® Obtained results showed that in the study group con-

centration of circulating immune complexes was significant-
ly higher than in healthy subjects. It should be stressed that
immune complexes can cause tissue damage not only in the
area of their formation but also in the areas distant from the
focal lesion. In present study number of CD3+ lymphocytes
in blood serum was higher in study groups when compared
with the C group, but the difference was high enough to be
statistically significant only between the IC and C groups.
Analysis of differences in the number of T cells between
study groups revealed that in the group of radicular cysts
number of CD3+ cells was significantly higher in compari-
son with the folliculal changes. Okada et al. described the
effect of periapical changes on the immune system of rab-
bits.!* Researchers discovered hypergammaglobulinemia
which was increasing along with the duration of pathologi-
cal process. Histopathological study carried out after the test
showed the presence of early stages of endocarditis, hepatitis
and glomerulonephritis. All these facts indicate how impor-
tant is early detection and treatment of odontogenic cysts
and how significantly they influence the human organism.

6. CONCLUSIONS

The saliva may be successfully used as diagnostic material
for the study of immune cells and severity of local inflam-
matory reaction.

The results suggest that odontogenic cysts have signifi-
cant impact on immune system of the organism.

T lymphocytes are involved in genesis of both radicular
and follicular cysts.
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A rare case of IGF2 mediated hypoglycemia in a diabetic patient —
a praneoplastic manifestation of an adrenal tumor

Sameer K. Mehta, Reetu Singh, Satish K. Prasad, Narain Pandey

Department of Medicine, Tata Main Hospital, Jamshedpur, India

ARTICLE INFO

Article history

Received 22 April 2017
Accepted 14 October 2017
Available online 27 June 2018

Keywords

Hypoglycemia

Insulin-like growth factor 2 (IGF2)
Paraneoplastic syndrome

Doi
10.29089/2017.17.00054

User license

This work is licensed under a
Creative Commons Attribution —
NonCommercial — NoDerivatives
4.0 International License.

[®) ev-ne-n |

ABSTRACT

Introduction: A rare case of persistent hypoglycemia as a paraneoplastic
manifestation of an adrenal tumor due to excessive secretion of IGF2 is being
reported.

Aim: To learn about rare causes of hypoglycemia.

Case study: Hypoglycemia is most commonly due to antidiabetic drugs. Ho-
wever, it is not always drug induced and it can be observed in other conditions
unrelated to diabetes, such as insulinoma, autoimmune disorders, and neoplasia.
Herein, we report the case of a rare cause of severe and recurrent hypoglycemia
in a 83-year-old diabetic and hypertensive lady who was subsequently diagnosed
with adrenal malignancy and hypoglycemia was found to be a paraneoplastic ma-
nifestation of the tumor secreting IGF2.

Results and discussion: Although more than 95% of cases of hypoglycemia
are due antidiabetic drugs but there are other rare causes of hypoglycemia — ma-
lignancy being the most important in the rare causes of hypoglycemia. Persistent
hypoglycemia should arouse a suspicion of a rare cause of hypoglycemia. In our
case hypoglycemia was due to excessive secretion of IGF2 by the adrenal tumor.
Several such case cases have been reported where hypoglycemia was a parane-
oplastic manifestation of the tumor. So, we need to be aware of the rare causes of
hypoglycemia as it can lead to the diagnosis of the primary tumor, as has been in
our case, and it can also significantly affect the course of the treatment.
Conclusions: IFG2 secreting tumor can be a rare cause of hypoglycemia.
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Famshedpur 831001 India. Phone: 7763807152.
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1. INTRODUCTION

Hypoglycemia is a common medical emergency in diabetic
patients treated with insulin or oral hypoglycemic drugs.
However, it can be observed less frequently in other condi-
tions such as insulinomas and rare autoimmune diseases.!
Paraneoplastic disorders are an exceptional etiological fac-
tor of hypoglycemia. In this case, paraneoplastic secretion
of insulin-like growth factor 1 (IGF1) or partially processed
precursors of IGF2 could be responsible for hypoglycemia.>?

2. AIM

Herein, we report a case of severe and recurrent hypogly-
cemia in a woman with an adrenal malignancy diagnosed
incidentally on routine workup.

3. CASE STUDY

A 83-year-old female, a known diabetic and hypertensive,
was admitted with poor oral intake and recurrent episodes
of drowsiness and lethargy for 3 days. Her random blood
sugar on presentation at hospital was 40 mg/dL. Detailed
history and examination failed to reveal any known cause of
hypoglycemia. In her past medical history, we noticed the
presence of multi-infarct CVA and seizure disorder.

She was admitted for investigation and supportive ther-
apy. Over the next 48 hours she suffered repeated bouts of

Figure 1. CECT abdomen and pelvis showing 6.8 X 6.6 X
6.0 cm heterogeneous poorly enhancing right suprarenal
mass. Arrow indicates adrenal tumor.

Table 1. Hormone levels.

Actual Normal Units
Cortisol E 13.39 2-18 mcg/dL
Cortisol M 20.40 7-28 mcg/dL
GH 2.718 <10 ng/mL
Insulin 7.10 <25 mlU/L
IGF1 <254 55-166 ng/mL
IGF2 4127 71-290 ng/mL

hypoglycemia. Her symptomatology was particularly char-
acterized by neuroglycopenic signs with fatigue, weakness,
headache, dysphasia, and loss of consciousness, without
seizures. The Glasgow coma scale was 9/15. In view of this
her serum cortisol, growth hormone (GH) and insulin levels
were studied which were reported normal. However IGF2
level was found elevated (Table 1). IGF2 and IGF]1 ratio was
found to be 16.48.

Subsequent workup including CT scans of thorax and
abdomen revealed a 6.8 X 6.6 X 6.0 cm right suprarenal
Mmass invading the right lobe of liver with mild ascites
(Figures 1-4).

In view of this a diagnosis of non-islet cell tumor hypo-
glycemia (NICTH) was made.

However, in view of age and extensive comorbidities, pa-
tient’s family refused further management. The patient was
subsequently discharged on the request of her family mem-
bers with prescription of prednisolone and advice regarding
frequent self-monitoring of blood glucose.

4. RESULTS AND DISCUSSION

NICTH occurs mainly in patients with solid tumors of
mesenchymal and epithelial origins and, less frequently, in
hematopoietic and neuroendocrine tumors.* Hypoglycemia

7

Figure 2. CECT abdomen showing tumor invading infe-
rior surface of liver (red arrow) and perihepatic ascites
(white arrow).
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Figure 3. FNAC of the mass using a light microscope
(magnification 400X ) stained with May-Griinwald-Giem-
sa stain showing sheets and singly scattered scattered
discohesive cells with round to oval prominent nucleoli
forming acinii. Arrow indicates malignant cells with pro-
minent nucleoli.

leads to the diagnosis of the tumor in 50% of cases.* In other
cases, hypoglycemia occurs after the tumor has been found.*
Usually, patients report previous hypoglycemic symptoms
before the NICTH has been diagnosed.* Neuroglycopenic
symptoms are more commonly observed than autonomic
symptoms due to repeated hypoglycemic events and insidi-
ous progression observed with NICTH.* In the present case,
NICTH was established after excluding all other causes of
hypoglycemia with relevant investigations.

The diagnosis of NICTH is based on the findings of hy-
poinsulinemic hypoglycemia associated with the presence
of raised levels of IGF2. The treatment of NICTH should
target both a symptomatic management of hypoglycemic
episodes and the tumor treatment. Hypoglycemia could be
reversible after a successful tumor surgery.* Chemotherapy
or embolization can reduce the occurrence of hypoglyce-
mia.*’ Glucocorticoids seem to be the most effective symp-
tomatic treatment. They stimulate gluconeogenesis and in-
hibit the big IGF2 tumor production.® This effect is dose
dependent and reversible if doses are below a critical level.’
GH therapy relieves hypoglycemic symptoms although it
fails to suppress tumor IGF2 production.?

5. CONCLUSIONS

Incidence of diabetes mellitus in India has been steadily
increasing and one does get to encounter hypoglycemic pa-
tients on a fairly regular basis in day to day practice. How-
ever, a high index of suspicion needs to be maintained es-
pecially in refractory hypoglycemia in elderly patients and
oncological perspective needs to be explored if the index of

\

Figure 4. FNAC of the mass using a light microscope
(magnification 400X) stained with PAP (Papanicolaou’s
stain) showing pleomorphic round tumor cells (white ar-
row) in sheets with acinar arrangement (red arrow) in he-
morrhagic background.

suspicion is high. Hence this case presented a rare constella-
tion of features which would have otherwise been confusing
if correct diagnostic protocols had not been applied.
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ABSTRACT

Introduction: Celiac disease is an inflammatory disorder affecting subjects at
any age and presenting with a broad spectrum of symptoms. In several cases, extra-
-intestinal symptoms are the only clinical manifestations or occur in conjunction
with gastrointestinal symptoms.

Aim: We present the case of a 47-year-old male admitted to our Internal Me-
dicine Department, after a further episode of fever with chill, associated with
headache and malaise.

Case study: He had suffered from episodes of fever for about 20 years. At phy-
sical examination, gastrointestinal symptoms such as nausea, emesis, diarrheal
and constipation, were absent.

Results: Investigations were negative for malignancy, haematological disor-
ders, autoimmune diseases, and inflammatory bowel disease; serological and
culture tests were negative for common infectious diseases and parasitosis. In-
flammatory markers were elevated (erythrocyte sedimentation rate 48 mm/h, C-
-reactive protein 185 mg/L), with the exception of normal procalcitonin levels.
Colonoscopy demonstrated villous blunting, with biopsies consistent with a dif-
fuse chronic inflammation in the lamina propria and significant intraepithelial
lymphocytosis (MARSH II). Further investigations showed an advanced athero-
sclerotic peripheral disease, despite the low cardiovascular risk.

Discussion: In celiac disease, the activation of gluten specific T cells in the gastro-
intestinal mucosa induces the activation of a pro-inflammatory pattern, which could
contribute to the fever. The systemic inflammatory activation found in celiac disease
was associated to a chronic vascular damage, both consisting in an increased arterial
stiffness and intima-media-thickness.

Conclusions: The delay in diagnosis of celiac disease could be associated to seve-
ral complications, such as atherosclerotic progression.

Corresponding author: Gabriele Ciont, Department of Internal Medicine, Department of Experimental and Clinical Medicine,
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1. INTRODUCTION

Coeliac disease is a lifelong, chronic, immune-mediated,
inflammatory disorder affecting subjects at any age and
presenting with a broad spectrum of symptoms; in several
cases, extra-intestinal symptoms are the only clinical mani-
festations or occur in conjunction with gastrointestinal
symptoms.! Cooney et al.? reported the first published case
of celiac disease presenting as fever of unknown origin. Au-
thors exposed the case of a 16-year-old female, presenting
with one month of intermittent fever, a 5 kg weight loss,
but without gastrointestinal disorders. Similarly, Leonardi
et al.? described the case of 3-year-old child with silent ce-
liac disease presenting with recurrent febrile infections and
moderate neutropenia, normalized after the onset of a gluten
free diet. The delay in the diagnosis of celiac disease can be
associated with many complications. In particular, several
observational studies have showed a small absolute increase
in overall mortality in patients with undiagnosed celiac dis-
ease in comparison to the general population.*> Moreover,
population-based studies showed an association between
celiac disease and cancer risk, with particular reference to
non-Hodgkin’s lymphoma.® In a previous report, authors
described the case of a 13-year-old female from the Middle
East with an 8-year history of severe rickets causing multi-
ple bone deformities, after malabsorption for many years.’
Previous studies investigated the association between car-
diovascular profile and celiac disease in adults, showing an
increased risk due to chronic inflammation.?’

2. AIM

A 47-year-old male was admitted to the Internal Medicine De-
partment of our hospital, after a further episode of fever with
chill, associated with headache and malaise, which occurred two
days before. We described the diagnostic workup and discussed
the association between the peripheral vascular atherosclerosis
and the delay in the diagnosis of celiac disease.

3. CASE STUDY

According to his medical history, the patient had suffered
from episodes of fever for about 20 years, occasionally tak-
ing ibuprofen with benefit. Fever appeared not cyclical,
with long periods between one episode and the next one,
in which the patient reported complete well-being. From
clinical records of previous hospitalizations, investigations
were negative for malignancy, haematological disorders,
autoimmune diseases, and inflammatory bowel disease. Se-
rological and culture tests were negative for common infec-
tious diseases and parasitosis. In particular, a previous celiac
screen was negative. He was not diabetic, dyslipidemic, hy-
pertensive, overweight or smoker. As collateral findings, he
presented a mild atherosclerosis at common carotid arteries
(intima media thickness over 2.0 mm), inconsistent with

the low cardiovascular profile of our patient. He had no sick
contacts and he had gone to Peru for work reasons about 5
years ago. His family history was negative for autoimmune
diseases; his father was hypertensive. The patient currently
was on no medications. He reported to assume a mostly veg-
etarian diet, and he never had gastrointestinal disorders or
sudden weight loss in recent years.

On physical examination, sore throat, abdominal and
chest pain, joint pain and other signs compatible with acute
or chronic inflammation were absent. Gastrointestinal symp-
toms such as nausea, emesis, diarrheal and constipation, were
absent. He appeared well, and his body mass index was 23.4
kg/m?. Apparently there were no signs of anaemia. His liver
was 4 cm below the costal margin, and her spleen was palpa-
ble for 2 cm.

4. RESULTS

4.1. Biochemical parameters and instrumental
exams

Complete blood cells count showed a mild reduction in hae-
moglobin level (12.7 g/dL), with normal volume of red cells;
other cell lines on immunophenotype assay were within
normal limits. Throat, blood and urine cultures were nega-
tive. We excluded viral, bacterial and parasitic infections:
in particular, serological tests for human immunodeficiency
virus-type 1 and 2, hepatitis B and C virus, Epstein-Barr
virus, cytomegalovirus, were negative. Inflammatory mark-
ers were elevated (erythrocyte sedimentation rate 48 mm/hr,
C-reactive protein 185 mg/L), with the exception of normal
procalcitonin levels. Panel for autoimmune disease was nega-
tive. Thyroid function tests showed no alterations. Plasma
levels of folic acid and B12 vitamin were significantly lower
the minimum normal range (1.7 ng/mL and more than 60 pg/
mL, respectively); serum ferritin level was within normal
range. Cranial and thoracic CT scans were negative; abdomi-
nal CT scan demonstrated only a mild splenomegaly; ab-
dominal ultrasound showed only a mild non-alcoholic fatty
liver disease. In the suspicion of endocarditis, we prescribed
transthoracic and transoesophageal echocardiography, show-
ing normal findings. In order to exclude inflammatory bowel
disease, the patient underwent upper gastrointestinal endos-
copy, showing only a not specific gastric inflammation with
biopsies consistent with a normal pattern, and colonoscopy
demonstrating villous blunting, with biopsies consistent with
a diffuse chronic inflammation in the lamina propria and sig-
nificant intraepithelial lymphocytosis (MARSH II). He was
started on a gluten-free diet and after a month from the dis-
charge he was afebrile; inflammatory markers were signifi-
cantly lower and haemoglobin levels were mildly increased.
After discharge, the patients underwent further investiga-
tions in order to characterize the atherosclerotic involve-
ment. Homocysteine and lipoprotein (a) were within normal
values. We performed a vascular ultrasound assessment by a
MyLab 70 XVision Esaote Machine equipped of a 7.5 MHz
linear and a 3.75 MHz convex transducers machine (Esaote
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Figure 1. Computed tomography angiography of intracra-
nial arteries: (A) a calcific plaque of right common ca-
rotid; (B) several calcific plaques of left internal carotid.

Medical Systems, Rome, Italy). The system used a dedicated
software (RF-data technology involving RF Quality Intima-
media Thickness and RF Quality Arterial Stiffness; Esaote
Medical Systems) in order to provide a standard assessment
of intima media thickness and pulsewave velocity at common
carotid and femoral arteries. Examinations demonstrated
the presence of an extensive atherosclerotic involvement,
associated to increased arterial stiffness at both carotids and
femoral arteries. Thoracic and abdominal aorta were within
normal limits. For this reason, we performed a CT angiogra-
phy of intracranial arteries (Figure 1) and lower limbs, which
showed a widespread atherosclerosis but without critical ste-
nosis in the examined sites.

5. DISCUSSION

In our case, the patient was a 47-year-old man, having a posi-
tive history of recurrent fever and who presented a previ-
ous negative celiac disease screening. Fever is a key element
of the inflammatory response, involving production and
release of cytokines with endogenous pyrogenic activity.!
In celiac disease, the activation of gluten specific T cells in
the gastrointestinal mucosa induces the activation of a pro-
inflammatory pattern, which could contribute to the fever;
a such activated inflammatory response, was elsewhere as-
sociated to the epithelial damage at the basis of many com-
mon intestinal manifestations of the disease.!! In a recent
work, the systemic inflammatory activation found in celiac
disease was associated to a chronic vascular damage, both
consisting in an increased arterial stiffness? and intima-
media-thickness;'? our patient presented an atherosclerotic
wall of common carotids and femoral arteries and a mild non
alcoholic fatty liver disease, which is a well-established car-
diovascular marker,'*, also associated to celiac disease.”” In
this case, because it was possible to recognize celiac disease
only after many years, this delay may have contributed to
increase the vascular damage and the global cardiovascular

risk, regardless of the presence of traditional cardiovascular
risk factors. It is also known that autoimmune diseases are
statistically associated with an increased risk of cardiovascu-
lar diseases, which are the leading cause of premature death
in this patient population.'® Therefore, to reduce diagnostic
latency and to prevent clinical complications, directly'’ and
indirectly’® linked to celiac disease, it is mandatory to con-
sider this disorder in the differential diagnosis of fever of
unknown origin. Indeed, an early consideration of a gluten
free diet may decrease the severe complications related to the
disease and worsened with delaying the onset of therapy."®

6. CONCLUSIONS

In celiac disease, the activation of gluten specific T cells in
the gastrointestinal mucosa induces the activation of a pro-
inflammatory pattern, which could contribute to the fever.
The delay in diagnosis of celiac disease could be associated
to several complications; in this particular case, it may have
led to atherosclerotic progression in different vascular dis-
tricts. Therefore, it is mandatory to consider this disorder in
the differential diagnosis of fever of unknown origin.
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ABSTRACT

Introduction: The most common neoplastic lesion found in the larynx is
squamous cell carcinoma. In this study, we report the set of cases of unexpected
neoplastic lesions found in the laryngeal ventricle. These are extranodal lympho-
ma and two cases of Warthin’s tumors.

Aim: To report these extremely rare lesions, as they require special diagnostic,
therapeutic attention and collaboration with the pathologist.

Case study: The case records of two patients with the diagnosis of Warthin’s
tumor and one with lymphoma limited to the laryngeal ventricle were retrospec-
tively reviewed.

Results and discussion: The histopathologic diagnosis revealed one case of
diffuse large B-cell lymphoma — centroblastic variant, non GCB type and two ca-
ses of papillary cystadenoma lymphomatosum (Warthin’s tumor). Details of the
presentation, diagnostic procedures, treatment, and outcome of these patients
were presented. In the differential diagnosis of laryngeal asymmetry laryngoce-
le, benign and malignant lesions need to be taken into consideration. Warthin’s
tumor and primary lymphoma located in the larynx require special diagnostic,
therapeutic attention and collaboration with the pathologist.

Conclusions: (1) This case series serves to highlight the rich and varied pa-
thology which can affect the larynx. (2) In addition to the more commonly en-
countered conditions, the otolaryngologists should always be aware of the varied
pathology of the larynx with conditions such as Warthin’s tumor and extranodal
lymphoma.
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1. INTRODUCTION

The asymmetry of the laryngeal ventricle in most cases does
not represent pathology. In several studies, an asymmetry
to greater or lesser extent was shown in all examined laryn-
ges.2 However, in some cases, the asymmetry is a result of
benign or malignant neoplastic growth within the larynge-
al ventricle. Some of the lesions, which may be present in
this particular anatomical site are laryngocele, schwanno-
ma, rhabdomyoma, amyloidosis, squamous cell carcinoma
(SCC), adenoid cystic carcinoma (ACC) or rhabdomyosar-
coma. Warthin’s tumor and primary laryngeal lymphoma
are also extremely rare causes of laryngeal asymmetry with
fewer than 20 and 100 cases, respectively reported in the
English literature.*

2. AIM

In this article, we describe two cases of Warthin’s tumor and
one case of diffuse large B-cell lymphoma located in the la-
ryngeal ventricle that remained undiagnosed in the preop-
erative period owing to the difficult differential and lack of
specific symptoms. The aim of the study was to report these
extremely rare lesions, as they require special diagnostic,
therapeutic attention and collaboration with the pathologist.

3. CASE STUDY

A 58-year-old woman was admitted to the hospital (07/2016)
presenting persistent hoarseness for about 2 years accompa-
nied by progressive dyspnea since October 2015. She denied
any other symptoms. The patients had a long-term cigarette
smoking history. In the physical examination no changes
of head and neck region lymph nodes were palpable. The
direct laryngoscopy revealed bilateral well-defined, smooth
masses originating from laryngeal ventricles and vestibular
folds (Figure 1 and 2). However, there was no severe de-
terioration of her airway tract. The changes noted in the
direct laryngoscopy were later confirmed in the ultrasound

examination of the neck, which also revealed multinodular
goiter. The primary diagnosis was laryngocele. Therapeutic
excision in Kleinsasser microlaryngoscopy using CO2 laser
was performed. Histological examination showed a cystade-
nolymphoma (Warthin’s tumor). The patient is on frequent
follow-up scheme in the outpatient setting, which after one
year remains uneventful.

An 8l-year-old man was admitted to our department
(07/2016) due to persistent mild hoarseness for about 12
months. His past medical record included hypertension,
brain stroke, heart infarct and asthma. He was an active
smoker for many years. The direct laryngoscopy was per-
formed and showed unilateral smooth mass located in the
left laryngeal ventricle and comprising the left vestibu-
lar fold. The patient was qualified for transoral surgery in
Kleinsasser microlaryngoscopy. During the procedure,
a specimen samples for intraoperative histopathologi-
cal examination were taken. The result showed a variable
amount of salivary gland tissue with histological features
of Warthin’s tumor. The final histology confirmed the di-
agnosis. The patient is on frequent follow-up scheme in the
outpatient setting with no sign of recurrence.

The third patient was a 74-year-old woman admitted to
ENT department (07/2016) due to progressive mild hoarse-
ness and dyspnea for about 3 months without any other
specific symptoms. The physical examination revealed no
palpable lymph nodes. In the direct laryngoscopy a smooth,
round mass in the right laryngeal ventricle was observed,
covering the right vocal fold. There were no signs of airway
obstruction. Based on laryngoscopy and ultrasound laryn-
gocele was suspected and as a result the patient was qualified
for microlaryngoscopy with the use of the CO, laser. During
the surgery, an intraoperative histopathological examina-
tion was performed. It revealed neoplastic malignant cells
in the specimen. Consequently, the lesion was fully excised
and the final histopathology indicated diffuse B-cell lym-
phoma centroblastic variant. Further immunohistopatho-
logical examination revealed a set of unfavorable prognostic
factors: expression of Bcl-2 and MUM-1, non GCB subtype
and high Ki67 score (60-70%). A hematology consultation
was carried out and as a result the patient was planned to

Figure 1 and 2. The direct laryngoscopy revealing bilateral well-defined, smooth masses originating from laryngeal

ventricles and vestibular folds.
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Table 1. Clinical data of presented patients.

Year Age/Sex Presentation Location

2016 S8/F Hoarseness Dyspnea Supraglottic
2016 81/M Hoarseness Supraglottic
2016 74/F Hoarseness Dyspnea Supraglottic

be admitted to the ward. However, due to a sudden dete-
rioration of her clinical condition, the patient passed away
shortly afterwards, before appropriate hematological treat-
ment could have been implemented.

4. RESULTS

Clinical data of the presented patients were summarized in
Table 1. Diagnostic and therapeutic approach implemented
in our patients are discussed in this part of the article based
on the available literature.

Cystadenolymphoma (CAL) also known as Warthin’s tu-
mor is a benign tumor of the salivary glands, consisting of
oncocytic epithelial cells and lymphoid stroma containing
lymphoid follicles with reactive germinal centers.’ It was
first described in 1895 by Hildebrand and is named after an
American pathologist Aldred Warthin who contributed the
most to its description.® Warthin’s tumor is reported most
often in smokers.>® The highest prevalence occurs in the
sixth or seventh decades of life and a male predominance
was noted.® However, there are also reports of the increas-
ing incidence in females and even those of equal predilec-
tion in both sexes since 1970 which is explained by chang-
ing patterns of tobacco use.*® A correlation of the Warthin’s
tumor’s occurrence with Epstein—Barr virus (EBV) infec-
tion has also been observed, but the relationship is so far
unclear.?

It is found most often in the parotid gland and repre-
sents about 10 % of all salivary gland tumors which makes it
the second most frequent benign tumor of salivary glands,
with 10% of these being bilateral.®

CALs are believed to originate from the excretory duct-
ules of salivary glands and since the occurrence of the sali-
vary gland tissue in ectopic locations within the head and
neck has been reported also cases of Warthin’s tumors out-
side the salivary glands have been noted.*!?

However, other locations are rare (about 8%) and most
often include the lymph nodes of the cervical region.”® They
were also reported in the nasopharynx, the minor salivary
gland in the buccal mucosa or in the larynx.>'%!! Approxi-
mately 6% of CALs are discovered incidentally as part of
a specimen after neck dissections for malignancies of the
head and neck and a case of multiple unilateral Warthin’s
tumors demonstrating the complete transition from salivary
ductal inclusions to the CAL was published which may sug-

Surgical approach

Pathology

Microlaryngoscopy Cystadenoma papillary lymphomatosum
(CO, laser) (Warthin’s tumor)
M1cr<%18r3flr;§:rs)c opPy Cystadenoma papillary lymphomatosum
2 (Warthin’s tumor)
Microlaryngoscopy  Lymphoma malignum diffusum centroblasticum

(CO, laser) (Diffuse B-cell lymphoma centroblastic variant,

non GCB-type)

gest a continuum resulting ultimately in grossly detectable
lesions.!>13

Until now, only few cases of a Warthin’s tumor in the
larynx were reported often with the coexistence within one
or both parotid glands. These involved the location of the
tumor in the region of the aryepiglottic fold, the lateral thy-
roarytenoid muscle or the left Morgagni sinus.!!

It’s pathogenetic mechanism still remains unclear and
the most common theories explaining the origin of the CAL
include a delayed hypersensitivity reaction of the parotid
parenchyma to a ductual metaplasia; an abnormal blending
of salivary and lymphoid tissues during embryogenesis or a
holdover of the branchial cleft apparatus.!!

Clinically the Warthin’s tumor is mostly asympto-
matic,'* however depending on its localization, which may
range from the middle ear to the larynx, such symptoms as
pain (varying from mild discomfort and tenderness to very
severe pain), earache, tinnitus, deafness, facial weakness and
swelling may occur.’® CALs usually grow very slowly and
have a shape of a well-circumscribed, egg-shaped swelling
of 1-3 cm in diameter.!>'®* Whenever a CAL is suspected
the differential diagnosis should be performed and include
cysts, lymph nodes, pleomorphic adenoma, papillary cys-
tadenoma or squamous cell carcinoma among others.

Ultrasonography has been found helpful not only in de-
tecting Warthin’s tumors but also in describing the struc-
ture and even the vascularity of the lesions.'” In ultrasonog-
raphy the Warthin’s tumor has been described as echogenic,
strikingly hypoechoic or sonolucent with few internal focal
echoes.!’® In PET/CT they show hypermetabolism and it is
believed that the increasing use of these techniques could
increase a number of its incidental findings at unusual loca-
tions including the larynx.°

The data concerning the management of Warthin’s tu-
mors are limited and suggest that it should be resected fully
with an adequate margin to avoid local recurrence and the
conservative treatment seems to be less favorable.”” Of the
resection methods the transoral approach seems to be ap-
propriate for most of the cases as it has little side effects and
is most often curative.® Larger or invasive neoplasms which
are more difficult to excise these way may require an exter-
nal approach.

The risk of recurrence following excision in the parotid
gland is high, estimated 5%-25%.” In the larynx they are
not well-known and the recurrence seems to be an excep-
tion there, however its possibility always has to be kept in



248

PorL ANN MED. 2018;25(2):245-249

mind as few have been reported.® As a result it is important
to obtain a fully excised specimen and patients should be
under a longer follow-up period in case of the need for fur-
ther surgery.

Moving to the next entity, diffuse large B-cell lymphoma
(DLBCL) is a lymphoid malignancy with neoplastic trans-
formation of mature peripheral B lymphocytes arising in
germinal centers. It is the most prevalent type of non-Hodg-
kin lymphoma among adults with the average age at diagno-
sis of 70 years with a male predominance.? The etiology of
the disease still remains unclear.

Different environmental, immunological, infectious and
iatrogenic factors are taken into consideration. EBV infec-
tion contributes to the occurrence of some subgroups of
DLBCLs. The researches show EBV positive DLBCLs are
associated with unfavorable prognostic features, poor treat-
ment response and worse survival than EBV negative.”

Patients usually present lymphadenopathy, however, in
up to 40% of them the location of a lymphoma is extranodal.
The Waldeyer’s ring is the most common extranodal area
involved in the head and neck region.?? Primary lymphomas
restricted to larynx are extremely rare lesions. The occur-
rence of them is reported to be less than 1% of laryngeal
neoplasm. Moreover, there are fewer than 100 histologi-
cally confirmed cases reported in the global literature.?>*
DLBCL and extranodal marginal zone lymphoma of muco-
sa-associated lymphoid tissue (MALT lymphoma) are pre-
dominant recognitions and represent approximately 75% of
laryngeal NHLs.?2?* Extremely rare cases are also described
in the literature such as NK/T-cell lymphoma, peripheral
T-cell lymphoma, not otherwise specified (PTCL, NOS),
Burkitt lymphoma.?? Moreover, a case of an 8-year-old
boy suffering from primary laryngeal lymphoma is also re-
ported.?®

The majority of the lesions is located in the supraglottic
region as a result of follicular lymphoid tissue presence in
this site.?»” They can expand locally, affecting surrounding
structures as thyroid, tonsils, salivary glands and nasophar-
ynx.?* Clinically the patient may present various symptoms
including dysphagia, dysphonia, hoarseness, cough, dysp-
nea, cervical lymphadenopathy and systemic signs like fe-
ver, weight loss and night sweats.??

As the presentation is usually nonspecific, the diagnosis
may be challenging. The case of our patient with only one
symptom (progressive mild hoarseness) confirms it. How-
ever, rarely the course of illness may be rapid with acute
airway obstruction.?* Based on currently available data, the
laryngoscopy usually reveals discrete, unilateral lesions de-
scribed as smooth submucosal masses, rarely ulcerated.?
Histopathological examination is necessary for the definite
diagnosis.

The review of the literature reveals chemotherapy, radio-
therapy, immunotherapy and combination of them as effec-
tive methods of treatment. The choice of therapy depends on
staging (Ann Arbor), the extent of expansion and immuno-
histopathological results. Surgery is not recommended as the
first line of treatment in these lesions, however, it can be nec-

essary when the mass of the tumor obstructs the airways and
the patient suffers from difficulties in breathing.?> Some data
indicate that excision of the tumor by the Carbon dioxide
laser before other therapies may be beneficial for the patient
and may allow avoiding tracheostomy or laryngectomy.?

6. CONCLUSIONS

(1) This case series serves to highlight the rich and varied
pathology which can affect the larynx.

(2) In the differential diagnosis of laryngeal asymmetry lar-
yngocele, benign and malignant lesions need to be taken
into consideration.

(3) In addition to the more commonly encountered condi-
tions, the otolaryngologists should always be aware of
the varied pathology of the larynx.
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Case report
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ABSTRACT

Introduction: Extramedullary plasmacytoma is a rare entity which belongs
to non-Hodgkin lymphoma category. Head and neck region is the most common
site of manifestation, of which sinonasal area is of predominance which oftenti-
mes remains undiagnosed.

Aim: To illustrate unusual presentation of nasal mass and its management.

Case study: Herein, we are reporting a case of sinonasal plasmacytoma in an
elderly man who presented with a four month history of unilateral nasal blocka-
ge. Rigid nasoendoscopy revealed benign looking polypoidal mass occupying en-
tire right nasal cavity with no evidence of any polypoidal mass seen over the left
nostril. Computer tomography revealed homogenous soft tissue mass over right
nasal cavity with minimal mucosal thickening in bilateral maxillary, ethmoid,
sphenoid and left frontal sinus.

Results and discussion: Patient underwent endoscopic clearance of right
nasal mass under general anaesthesia. Nasal mass was removed with the aid of
microdebrider and Blakesley forcep without difficulty. Intra- and postoperative
were unremarkable. Histopathological examination of the nasal mass along with
immunohistochemical study was suggestive of nasal plasmacytoma. In addition,
systematic workup for multiple myeloma was negative. Subsequent follow-up
revealed no evidence or recurrence and patient has been asymptomatic till date.

Conclusions: Transnasal endoscopic surgical excision is an ideal treatment
for small and localised extramedullary sinonasal plasmacytoma. Albeit rare,
extramedullary sinonasal plasmacytoma should be considered as a differential
diagnosis of sinonasal mass as this entity has tendency to develop into multiple
myeloma as well as the different mode of management of this rare entity differs.
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1. INTRODUCTION

Extramedullary plasmacytoma (EMP) is a rare plasma cell
neoplasm involving soft tissue, accounts for less than 1% of
all head and neck tumours' and less than 0.5% of all aerodi-
gestive tract tumours.? It commonly manifests in the upper
respiratory tract, more so in the nasal cavity and paranasal
sinus.! Approximately 80%—90% of EMP involve mucosa-as-
sociated lymphoid tissue of the upper airway, of which 75%
involves sinonasal region.! In up to 33% of cases, multiple
myeloma may occur, thus this warrants a life-long follow up
of patients with sinonasal EMP. In this article, we describe
the presentation, diagnosis and management of this entity.

2. AIM

Aim of this case report is to illustrate on unusual presenta-
tion of nasal mass, importance of histopathological exami-
nation for all nasal mass despite being benign looking and
its management.

3. CASE STUDY

A 79-year-old Indian gentleman with underlying hyperten-
sion, was referred to Madras ENT Research Foundation,
with a four-month history of right-sided nasal blockage. Ac-
cording to him, nasal blockage lead to difficulty in breath-
ing which caused distress to him. Apart from that, there
were neither any accompanying epistaxis, nasal discharge,
facial tenderness, proptosis nor any inciting trauma or in-
fection prior to that. There were also no prior symptoms
suggestive of an allergic condition or any upper respiratory
infections or any prior nasal surgery.

Upon review, patient was comfortable with no sign of
respiratory distress. Anterior rhinoscopy revealed right-
sided benign looking nasal mass with congested mucosa
over right nasal cavity with no mass seen over left nasal
cavity. Zero degree rigid nasoendoscopy revealed a benign
looking polypoidal mass occupying entire right nasal cavity
with no sign of an active infection which did not bleed upon
probing. There was however, no evidence of any polypoidal
mass seen over the left nostril. Other than that, intraoral
examination was normal. His systemic examination and vi-
tal signs were also unremarkable and within normal range.
Blood parameters were also normal.

Computer tomography revealed homogenous soft tissue
mass occupying right nasal cavity with no evidence of erosion,
minimal mucosal thickening in bilateral maxillary, ethmoid,
sphenoid and left frontal sinus (Figure 1). We proceeded
with endoscopic clearance of right nasal mass under general
anaesthesia. Intraoperatively, right nasoendoscopy revealed
polypoidal mass arising from lateral nasal wall, occupying the
entire right nasal cavity. The nasal mass was removed with the
aid of microdebrider and Blakesley forcep without difficulty.
As there was only minimal bleeding, no nasal packing was re-

quired. The excised mass was sent for histopathological exam-
ination. Post-operatively, there was no complication, patient
was well and was discharged home the subsequent day with
a one-week appointment. Patient was also prescribed home
with a one-week course of antibiotics and analgesics.
Histopathological examination revealed respiratory epi-
thelium with cells arranged as sheets showing oval cells with
eccentrically placed nuclei, cloak faced chromatin, perinu-
clear clearing with few binucleate cells (Figure 2). Immuno-
histochemical study was diagnostic of plasmacytoma. Hence,
a diagnosis of nasal plasmacytoma was made. Systematic
workup for multiple myeloma was negative. Subsequent fol-
low-up demonstrated no evidence of recurrence or any nasal
mass and patient has been asymptomatic till date. Patient was
planned for repeated follow-up to monitor recurrence.

Figure 1. Homogenous soft tissue mass occupying right
nasal cavity.

Figure 2. Respiratory epithelium with oval cells, eccen-
trically placed nuclei, cloak faced chromatin, perinuclear
clearing with few binucleate cells.
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4. RESULTS AND DISCUSSION

Plasmacytoma was first described by Schridde in 1905 as
a discrete solitary mass of neoplastic monoclonal plasma
cells. Plasmacytoma, basically can be divided into 3 vari-
ants: multiple myeloma, osseous solitary plasmacytoma and
extramedullary plasmacytoma (EMP).?

EMP is derived from plasma cells with a single class of
heavy and light chains in a monoclonal proliferation of B
cells.* Upper respiratory tract is considered the most com-
mon site as the submucosa in this region are rich with plas-
ma cells. Other rare affected sites includes urinary bladder,
central nervous system, orbit, gastrointestinal tract, liver,
spleen, pancreas, lung, breast, skin, testis, parotid gland,
mediastinum and thyroid gland.

The global incidence of EMP is 1 case per 100 000 cases.
There is a male preponderance of 3 : 1 with an average age
of 60 years.” Our patient discussed above is a male in his
8™ decade of life. The nasal mass appears as a solitary, sub-
mucosal, sessile or polypoidal mass. Apart from that, this
entity has a slowly evolving nature.? Patients usually remain
asymptomatic until the mass expands.® Patients usually
turns up to the otorhinolaryngology clinic with complaints
of nasal obstruction, epistaxis or facial pain although, cases
with ulceration or bone invasion have been reported. Cervi-
cal lymphadenopathy has been documented in 20%-25% of
cases with EMP in the head and neck region.” Our patient
discussed above however, complained only of progressive
unilateral nasal blockage.

Albeit myriad hypothesis that exists till date regarding
aetiology of EMP including viral infection, overdose or in-
appropriate radiation and genetic alterations in the reticu-
loendothelial system,® chronic irritation from inhaled irri-
tants remains to be the most sought out for and this may be
the case in our patient as well.

Diagnosis of sinonasal EMP is based solely on histo-
pathological examination as there are no pathognomonic
clinical presentation. Thus, deep biopsies should be per-
formed as the tumour is oftentimes submucosal and mucosa
may be thickened as a result of inflammation.? Apart from
histopathological examination of tissue biopsy, patients di-
agnosed with EMP should be further evaluated for serum
electrophoresis and radiological skeletal survey with bone
marrow aspirate to confirm diagnosis® and to rule out other
systemic disease.

Differential diagnosis of this entity among others in-
cludes lymphoma, marginal zone B-cell lymphoma, plasma
cell granuloma, poorly differentiated neoplasms and reac-
tive plasmacytosis.’

Till date, there is no consensus on gold standard treat-
ment of sinonasal EMP. Management of sinonasal EMP
comprises of single-modality treatment including surgical,
radiotherapy or chemotherapy and combined management.
In many centres, combination of surgical excision with an
adjuvant radiotherapy is favoured as this entity known to be
radiosensitive.” Some authors also advocate radiotherapy as
a sole treatment for this entity.? As for the dosage of radio-

therapy, no standard protocol exist and varies between 3000
rads and 8000 rads over a period of 3 to 6 weeks.? Chemo-
therapy should be considered for refractory or relapse cases.
Having said that, small and localised tumour located in the
head and neck region can be managed solely by surgical
excision as this has been shown to have similar results as
radiotheraphy.!’ In our patient, we opted for transnasal en-
doscopic surgical excision as the mass was more localised
and there was no signs of erosion.

Long-term follow up is mandatory for patients with
sinonasal EMP as 15%-20% of EMP turns to multiple my-
eloma over the years especially when there is a bone involve-
ment.’ Not only that, local recurrence has also been reported
by countless authors. Some authors, propose serum electro-
phoresis and imaging upon follow-up to detect recurrence.*

Prognosis of this entity depends on the dissemination of
the disease, tumour size and nodal involvement. Ten-year
survival rate have been reported in 70%. Hence, these pa-
tients ought to be kept under close surveillance with a life-
long follow-up.

5. CONCLUSIONS

Extramedullary sinonasal plasmacytoma albeit a rare en-
tity, is often underdiagnosed. This article emphasizes on
histopathological examination for all sinonasal tumours as
negligence or underdiagnoses of EMP may lead to devastat-
ing consequences as these entity has tendency to develop
multiple myeloma. As for surgical management, it should
be tailored according to the tumour size and location.
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Case report
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ABSTRACT

Introduction: Postoperative spinal epidural hematoma (PSEH) is a rare
complication of spinal surgery that requires surgery in very few patients. Unless
prompt diagnosis and intervention is performed, neurologic deficits and morta-
lity may occur depending on the localization of the PSEH.

Aim: In this report, we present a case that underwent tack-up suture technique
with the suspension of the spinal dura mater to the corpectomy cage for bleeding
control and prevention of epidural hematoma.

Case study: A 70-year-old male patient was admitted with paresis on the right
arm. MRI showed protrusion and grade 2 spondylolisthesis at C3—-C4, oblitera-
tion of anterior cerebrospinal fluid column caused by osteophytes at C4—C5-C6,
and loss of intervertebral disc height and degenerative fusion at the same level.
C4-CS5 anterior corpectomy and instrumentation was performed. Two hours after
surgery, neurologic deficits developed and an epidural hematoma was detected
on MRI. The patient underwent a revision surgery and hemostasis was achieved
by the suspension technique. Neurologic deficits recovered postoperatively. Po-
stoperative MRI showed the suspension of dura like a tent and no hematoma in
the epidural space.

Results and discussion: Prevention of PSEH in addition to prompt dia-
gnosis and surgical intervention is highly important for the prevention of adver-
se outcomes. In our case, we achieved successful hemostasis by suspending the
dura to implanted instrument in the paravertebral region.

Conclusions: Suspension of the dura with tack-up sutures can be a useful
technique for the prevention of PSEH and risk of cord compression.
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1. INTRODUCTION

Postoperative spinal epidural hematoma (PSEH) is a classic
but rare complication of spinal surgery.!”” Although the real
incidence of PSEH is unknown, it is predicted to be around
0.2% after all spinal procedures.**!! PSEH is believed to
arise from a rich epidural venous plexus.!>!* Moreover, it may
also result from massive bleeding after decompression of the
ossification of the posterior longitudinal ligament (PLL).2*

The prognostic factors for PSEH include multiple-seg-
ment surgeries, history of spinal surgeries, instrumenta-
tion, duratomy, prolonged operative time, systemic diseases,
smoking and alcohol abuse, preoperative coagulopaty, preop-
erative non-steroidal anti-inflammatory drug intake, intra-
operative massive hemorrhage, old age, Rh* blood groups,
an intraoperative hemoglobin level of less than 10 g/dL, and
increased pre- and perioperative international normalized
ratio (INR) levels.?>7%1516

Spinal cord compression and neurological symptoms
that require surgery are seen in very few patients with
PSEH. Although most of the PSEH cases remain asympto-
matic, the disease may result in rapidly-progressive cauda
equina syndrome, quadriplegia, respiratory disorders and
even death by the time it becomes symptomatic. PSEH
should be suspected in the patients presenting with postop-
erative neurologic deficits or with worsened symptoms.>!!
Prompt diagnosis and surgical drainage of the hematoma is
of prime importance for maximum neurological recovery.>?

2. AIM

In this report, we present a case that underwent tack-up su-
ture technique with the suspension of the spinal dura mater
to the corpectomy cage for bleeding control and prevention
of epidural hematoma.

3. CASE STUDY

A 70-year-old male patient was admitted with a one-month
history of weakness, pain, and paresthesia in the right arm.
Patient history revealed that the patient had undergone ob-
structive lung disease, permanent tracheostomy and larynx
carcinoma five years ago, and medically well-controlled
hypertension. On neurologic examination, paresis was de-
tected and the muscle strength was 4/5 in the right wrist and
3/5 in the forearm, arm, and shoulder (ASIA). Laboratory
parameters including coagulation tests were within normal
ranges. On cervical MRI, T2-weighted images showed pro-
trusion and grade 2 spondylolisthesis at C3—C4, obliteration
of anterior cerebrospinal fluid (CSF) column caused by oste-
ophytes at C4-C5-C6, and loss of intervertebral disc height
and degenerative fusion at C4-C5-C6 (Figure 1).

The procedure was initiated by corpectomy. After C4-C5
corpectomy, active epidural bleeding was detected and was
controlled by hemostatic materials. A C3-C6 anterior spinal

Figure 1. Preoperative T2 weighted cervical sagittal MRI
image: Protrusion and grade 2 spondylolisthesis at C3-
C4, obliteration of anterior cerebrospinal fluid column
caused by osteophytes at C4-C5-C6, and loss of interver-
tebral disc height and degenerative fusion at C4-C5-Cé.

fusion was performed with self-plated titanium elevator cage
filled with putty bone graft. The operative time was approxi-
mately 120 minutes and total blood loss was 400 mL. The
patient was not awakened due to respiratory problems and
hypertension and thus was transferred to the intensive care
unit for controlled awakening. Two hours after the operation,
painless quadriparesis was detected and thus an emergency
MRI was performed. T1- and T2-weighted images showed
the impression of an epidural hematoma extending between
C2 and C6 and causing massive cord compression (Figure 2).

Figure 2. Postoperative T2-weighted cervical sagittal
MRI image: The impression of an epidural hematoma
extending between C2 and C6 and causing massive cord
compression.
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Figure 3. The tack-up suture technique.

Figure 4. Postoperative T2-weighted cervical sagittal
MRI image (after the tack-up suture): Dura mater at the
corpectomy site was suspending like a tent both proxi-
mally and distally.

A revision surgery was performed under emergency condi-
tions. The previous incision was opened and the paraverte-
bral hematoma was exposed and aspirated. Subsequently,
the cage was removed and the hematoma leading to severe
compression of the cord was aspirated. Spinal cord pulsation
was absent. Vertical duratomy was performed. Spinal cord
pulsation was restored after the drainage of high-pressure
CSE Subsequently, bleeding from the venous plexi in both
epidural spaces was detected and thus primary duraplasty was
performed. Although the bleeding was lessened by control-
ling the coagulation with bipolar cauters and the bleeding

with hemostatic materials, the bleeding was not controlled
completely and continued to leak from the epidural veins.
The proximal and the distal aspects of the dura mater were
fixed with 5/0 suspension sutures (Figure 3). The bleeding
in the epidural space was controlled by clamping the sus-
pension sutures. The cage was reinserted under fluoroscopic
guidance. The proximal and distal sutures were fixed to each
other above the cage. The procedure was ended after achiev-
ing hemostasis. A repeat MRI showed that the hematoma was
completely evacuated and the dura mater at the corpectomy
site was suspending like a tent both proximally and distally
(Figure 4). The neurological deficits that developed after the
primary surgery were significantly improved.

4. RESULTS AND DISCUSSION

Symptomatic PSEH is a rare complication of spinal surgery
with a reported incidence of 0.1%-0.2%. It is also a major
complication of spinal decompression surgery and may be
inevitable in some cases.'* Due to its proximity to the dura
and neural tissues, it can lead to serious morbidity and mor-
tality unless prompt diagnosis and surgical evacuation is
performed.’® Therefore, prevention of PSEH in addition to
prompt diagnosis and surgical evacuation is highly impor-
tant for the prevention of adverse outcomes.>*¢

Studies reporting on PSEH have mainly focused on the
incidence, risk factors, operative timing, and outcomes of the
disease. Moreover, to our knowledge, these studies have made
no significant contribution to the literature except for pre-
senting data on the prevention of PSEH occurring after pri-
mary or revision surgery and routine hemostatic methods.>
Most common method recommended for the hemostasis of
bleedings including the bleedings arising from posterior lon-
gitudinal ligament are bipolar cauterization and application
of systemic or local hemostatic agents.>’ Another method
for preventing PSEH is placing a drain on the incision site.
However, the use of this method remains controversial since
there are several studies maintaining that this method does
not prevent the PSEH and even can be risk factor for PSEH>°
and some others suggest that there is no effectivity of this
method.?

The dura mater is usually suspended to the skull after the
excision of massive intracranial lesions and craniotomy and
craniectomy procedures. In such conditions, dural tack-up
sutures are used to prevent epidural hematoma.'®? Suspen-
sion of the dura to the bone narrows the space where epidural
hematoma may occur, thereby preventing the compression
of neural tissues by possible hematoma formation.!”” In our
case, we performed this technique in the spinal region to pre-
vent PSEH development. We fixed the dural tack-up sutures
to the instrument although it is fixed to the bone in cranial
interventions. By doing so, we not only controlled the severe
bleeding but also prevented the risk of bleeding in early post-
operative period that might lead to cord compression. To our
knowledge, there has been no study in the literature report-
ing on the application of this technique in spinal surgeries.
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6. CONCLUSIONS

The main concern on PSEH should be the prevention of the
disease rather than the prognostic factors and the treatment
methods of the disease. Suspension of the dura with tack-
up sutures can be a useful technique for the prevention of
PSEH and risk of cord compression. We used this method
in the anterior cervical region but we believe that it can also
be performed in all the anterior and posterior procedures
such as corpectomy and laminectomy that allow suturing of
the dura and the use of instruments.
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ABSTRACT

Introduction: Pregnancy in spinal cord injury (SCI) patient’s population is
rare. The problems with child care are also rarely described in the literature.

Aim: To present a case of a woman with incomplete tetraplegia and problems
during pregnancy and child care.

Case study: A case of a 30-year-old SCI woman with CS fracture due to a
motor vehicle accident is described. She was admitted to our neurorehabilitation
ward with severe tetraparesis and discharged able to walk with assistance. After
discharge, the patient was referred by a senior physical medicine specialist in
our outpatient clinic, and 4 years after her SCI, she got pregnant. Beyond acute
clinical problems related to SCI, many chronic medical issues arose, such as or-
thostatic hypertension and constipation during her pregnancy. After 39 weeks
of pregnancy, she was admitted for caesarean section because of somatosensory
problems and received epidural analgesia. She gave birth to a male baby, we-
ighing 3500 g. During the first weeks after delivery until now, she has had several
problems with baby care due to limb paresis and spasticity, which she could not
predict before.

Results and discussion: For a mother with SCI, child care is restricted by
many everyday problems occurring after delivery.

Conclusions: The management of pregnancy and delivery in this setting em-
phasises the importance of a multidisciplinary team. The knowledge of these
problems can help prepare these patients for child care.
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1. INTRODUCTION

In the United States, approximately 1000 new spinal cord
injuries (SCIs) are reported per year in women 16-30 years
old.! The annual incidence of SCI ranges from 3.6 to 195.4
patients per 1000000 around the world and the European
countries have various valuable reports of SCI.2 In Switzer-
land for women in young age (1630 years) annual incidence
rates per one million population for SCI were 8.1 (for tetra-
plegia 1.6).> Unfortunately we do not have similar registers
in Poland. Pregnancy in SCI population is rare. Dramatic
improvement in health outcomes for individuals with SCI
over the last 50 years and more allows people with SCI to
live full and complex lives, become pregnant and raise chil-
dren. SCI itself does not affect the ability to conceive for
this female population, but other factors, such as physical
and psychosocial factors, may influence the decision to have
a child.! Pregnancy exacerbates most problems affecting
women with SCI. Women with lesions above the level of T6
of the spinal cord are susceptible to autonomic dysreflexia,
spasms, breathing difficulties with advancing pregnancy,
bradycardia and hypotension.* All women with SCI are at
high risk of pressure ulcers, anaemia and urinary tract infec-
tions.’ The literature contains papers concerning pregnancy
problems in this female population, but the problems with
child care are rarely discussed. Little is also known about
the effects of physical disability secondary to SCI on child
raising. To the best of our knowledge, the present report is
the first case report describing pregnancy and child care
problems of a Polish SCI patient with tetraparesis in the lit-
erature.

2. AIM

We present herein the case of a woman with incomplete
tetraplegia, who after a SCI decided to get pregnant and her
problems during pregnancy and child care.

3. CASE STUDY

A 30-year-old woman admitted to Mazovian Rehabilita-
tion Centre in December 2011 after a motor vehicle acci-
dent. Magnetic resonance performed on the day of injury
revealed a C5 vertebral body fracture and spinal cord contu-
sion. According to the International Standards for Neuro-
logical Classification of Spinal Cord Injury, the patient had
an incomplete lesion American Spinal Injury Association
(ASIA) Impairment Scale (ALS) — C, motor score (MS) was
59 with a C5 neurologic injury level. The patient was inten-
sively rehabilitated and discharged from our rehabilitation
ward after 16 weeks and was able to walk with assistance of
one person. During her rehabilitation program on our ward,
several episodes of autonomic dysreflexia occurred. After
discharge, neurologically, she presented tetraparesis at C5
(AIS-C, MS 89) level that was more pronounced on the right

side and upper limbs, pain and temperature disturbances
more severe on the left side and hyperalgesia on both hands.
She had problems with writing, dressing, feeding, groom-
ing, locomotion and bladder dysfunction (neurogenic blad-
der-detrusor overactivity, no intermittent catheterisation
was needed). After discharge, the patient was referred by a
senior physical medicine specialist in our outpatient clinic.

During the first 2 years, her functional and neurologi-
cal status improved. Just before pregnancy she was able to
walk independently more than 100 m, she had poor knee
stabilisation and foot drop, this caused difficulty in walking
the stairs. She also had problems with writing and typing
on a computer, driving a car, using a telephone and carry-
ing loads over 4-5 kg because of her right-hand paresis. The
neuropathic pain in her upper limbs and bladder dysfunc-
tion (urge incontinence) were present also at this time. Af-
ter 1.5 years, she returned to work in the law faculty where
she worked as an assistant professor. This limitation did
not interfere with her professional career, and she became a
university professor of aviation law. She got married and (4
years later SCI), she got pregnant.

Beyond acute clinical problems related to SCI such as
orthostatic hypertension, sensory disturbances such as neu-
ropathic pain and constipation, no episodes of autonomic
dysreflexia, anaemia or urinary tract infection occurred
during her pregnancy. After 39 weeks, she was admitted for
caesaren section because of somatosensory impairment and
received epidural analgesia. She did not feel uterine contrac-
tions. She gave birth to a male baby, weighing 3500 g. In the
obstetrics ward, the patient met several architectonic barriers
— lack of capacity to adapt to patients with disabilities (beds,
bathrooms). For one week after childbirth, the patient used
a wheelchair, because she felt very weak. The patient could
not take care of the baby, and she had to pay extra money for
care for her newborn baby. Since the first weeks after delivery
until today (one and half years later) she has had several prob-
lems with baby care due to limb paresis and spasticity, which
she could not predict before. Because of right limb paresis,
she had difficulty with breastfeeding, she could not carry her
baby and she had to hire a babysitter. She had severe prob-
lems with lifting her child, dressing and bathing. Later, she
encountered difficulties with meal preparation and watching
the baby. The problem with baby care was also increased by
episodes of autonomic dysreflexia she had in the past after the
injury, and she had the fear of falling down.

The limitation in child care was her biggest problem for
fulfilling the role of motherhood. She felt unsuitable in the
role of mother, and she was not prepared by any medical
professional to fulfil the role of a parent.

4. DISCUSSION

Pregnancy exacerbates most problems affecting women with
SCI, particularly urinary infections which can lead to py-
elonephritis and premature labour.’ No urinary infections
occurred in our patient during pregnancy. In the literature,
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the majority of changes in medical procedures are related to
bladder management, including changes in medication and
in bladder evacuation methods.’ These changes led to an in-
creased rate of urinary tract infections. Most anticholinergic
drugs should not be taken, at least during the first trimester
of pregnancy because foetal malformations were observed in
animal experiments that used these drugs, and botulinum
toxin is also not licensed for use during pregnancy.® Given
this, an ineffective treatment of detrusor overactivity may
occur, usually leading to incontinence, which is frequently
treated by inserting an indwelling catheter, especially if in-
termittent catheterisation becomes more difficult during the
course of pregnancy. The treatment option can be used of a
Brindley stimulator, a sacral anterior root stimulator device
enabling patients with a complete SCI to empty their blad-
ders.” Patients with such a stimulation are less likely to de-
velop urinary tract infections.’

Autonomic dysreflexia is one of the most dangerous
complications during pregnancy in patients with tetraplegia
or tetraparesis. Our patient had in the past, mostly during
the first 3 months after injury, several incidents of auto-
nomic dysreflexia, but during pregnancy she had only two
incidents of a mild blood pressure rise. An SCI at the level
of T6 or above results in loss of supraspinal control of the
greater splanchnic sympathetic outflow. The potential caus-
es of dysreflexia may include bladder and bowel distension,
catheterisation, active haemorrhoids, gastric ulcers, constric-
tive clothing, blisters on the skin and burns or even vaginal
evaluation in a consultation or during labor. Patients must
be informed by medical staff of such a condition and their
health implications and how to behave in this situation (fast
verticalisation and empty the bladder). Practitioners manag-
ing labours in patients with SCI still need to be acutely aware
of the possibility of autonomic dysreflexia and be well-versed
in how to treat potential paroxysmal cardiovascular instabil-
ity. Delayed or suboptimal management can lead to maternal
intracranial bleeding, death and foetal bradycardia or heart
rate irregularities due to paroxysmal hypertensive episodes.?
Pharmacologic treatment of autonomic dysreflexia is nitren-
dipine sublingual or intravenous labetalol.! Pharmacological
treatment should be individualised based on patient medical
history and physical limitations. Our patients did not receive
pharmacological prophylaxis.

There is an increased risk of thromboembolism in the
first 6 months after SCI. Following this period, the risk
is almost the same as that in the general population. This
is attributed to vessel remodelling and other physiologic
changes occurring below the level of SCI.° The combina-
tion of impaired mobility and the hypercoagulable state of
pregnancy raises concerns for thromboembolic disease in
women with SCL.' Studies in nonpregnant adults suggest a
benefit of prophylaxis after acute SCI, but there are no data
specific to women who became pregnant several years after
SCL.M Despite these theoretical risks, insufficient data exist
to recommend universal pharmacologic thromboprophy-
laxis (e.g., low-molecular-weight heparin) during pregnancy
of all women with SCI. Pharmacologic treatment should be

individualised based on patient medical history and physi-
cal limitations.

Spasticity is also a very common sign in patients with
SCI. Our patient did not take any antispastic drugs during
pregnancy, but she had several problems with spasticity
during pregnancy, which interfered with her child care. Her
spasticity was not very severe, partly due to her private con-
tinuous rehabilitation program during pregnancy. In any
pregnancy, planning this problem must be discussed with
the patient because Jackson and Wadley reported a 12% in-
cidence of worsening of spasticity in pregnancy.'? Baclofen
treatment of spasticity in pregnancy is applied, but it is asso-
ciated with side effects, such as neonatal withdrawal symp-
toms, irritability, poor feeding and seizures.!* An intrathecal
pump can be an option in severe cases.!*

Our patient, despite a C5 spinal cord lesion, did not suf-
fer from respiratory problems. In lesions above T4, partial
or complete paralysis of ventilation muscles may occur,
which can make breathing more difficult as the pregnancy
advances. The American College of Obstetrics and Gynecol-
ogy recommends chest physiotherapy, continuous positive
airway pressure and mechanical ventilation if respiratory
function is suboptimal.’® Vital capacity in patients with spi-
nal injuries can be used to predict the need for ventilation.

The ability to provide child care by mothers with SCI
is restricted by many everyday life problems, which can
be very frustrating for women. People with disabilities are
commonly viewed as asexual or sexually innocent, which
can be a result of exclusion from sex education. Women with
SCI in Poland are confronted with many barriers affecting
their ability to carry a child. In Poland, we have no health-
care providers with up-to-date information about SCI and
pregnancy, and there is a need for these providers to be pre-
pared to discuss in advance pregnancy problems with their
patients/consumers with SCI. The patient can get the infor-
mation about pregnancy mostly from other patients or from
the Foundation of Active Rehabilitation. Our patient did
not know about this foundation. During the pregnancy and
after the delivery, the patient received information about
child care but not adapted for a disabled person because the
medical staff were unaware of her limitations caused by SCI.

In the United States, the SCI doctor is the primary
source of information about SCI and pregnancy.’* We think
that creation of SCI centres may improve the situation for
these patients. In our case, the obstetrics ward was not pre-
pared to care for people with disabilities, and the staff were
not familiar with problems or barriers in patients with dis-
abilities. This problem should be more accurately discussed
in the literature and during medical training for doctors and
nurses in Poland.

The case study also indicates a lack of knowledge
among health professionals at the obstetrics ward at the
hospital about the needs of mothers with SCI. The same
conclusion was described by Gunnbjorg Aune in Scandina-
vian hospitals.!” The obstetrics ward to which our patient
was admitted was not adapted for patients with disabilities
like our patient with SCI. We think that more and more
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female patients with disabilities will have babies, and it is
very important to provide them with a comfortable delivery
and hospital stay.

During pregnancy and as a parent, women with SCI have
unique experience and challenges such as the need for practi-
cal arrangements and limitations related to participation. It
should be emphasized that our patient did not have signifi-
cant problems with returning and continuation of work, but
she had severe problems with participation in various activi-
ties related to child care after giving birth. Now, she is still
not able to look after her toddler, who plays inside and out-
side the house. Patients with SCI often depend on others. In
Poland, a lack of knowledge exists about problems encoun-
tered in daily living by mothers with disabilities, primarily
with SCI. Women with cervical SCI after childbearing need
continuous help. Understanding how SCI affects pregnancy
and child care is very important. Disability of mothers with
SCI generates many additional costs. In Poland, there are no
social services recommended to individuals with SCI to help
with daily activities. We think this problem may restrict the
decision of mothers in this population to give birth. Many
women are concerned about their ability to care for a child
and about lack of financial support. Our patient had to hire a
babysitter because she could not take care of her child even
though her disability did not interfere with her scientific ca-
reer. It is also very important to perform investigations from
the father’s perspective and how family roles may change
when one parent has a disability.

5. CONCLUSIONS

Although pregnancy outcomes seem to be favourable after
SCI, women with disabilities may face problems during
pregnancy and childbirth due to many barriers. We think
that the management of pregnancy and delivery in this set-
ting emphasises the importance of a multidisciplinary team.
There is a large need in Poland to propagate the pregnancy,
delivery and child care problems of women with SCI. It is
very important to increase the competence of the care deliv-
erer as rehabilitation specialist, physiotherapist, midwifes
etc. There is currently a lack of para- and tetraplegic reha-
bilitation/care centres for SCI patients in Poland.
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ABSTRACT

Introduction: Diffuse axonal injury (DAI), is a rarely occurring consequen-
ce of traumatic brain injury (TBI). For many years identification and outcomes
prediction of DAI was limited. The specific markers have not been described.
Progress in the development of radiological methods has made current abilities
for recognition and prognosis much greater.

Aim: The aim of the paper is the presentation of the clinical image of DAI and
the emphasis of the importance of magnetic resonance imaging (MRI) in the
diagnosis of this neurological condition.

Case study: A 66-year-old female was admitted to the Intensive Care Unit
(ICU) in the 2nd day after TBI due to cardiovascular and respiratory failure. A
suspicion of DAI was formulated on the basis of the brain computed tomography
(CT).

Results and discussion: The neurological state Glasgow coma scale (GCS)
7 did not correlate with changes observed in CT. The brain MRI presented le-
sions in the splenium and in the lobe of the corpus callosum, additionally. The
intensity of changes in radiological classification of DAI based on brain MRI
confirms the neurological state and allows the prognosis formulation.

Conclusions: Thebrain MRI has become important in the diagnosis and pro-
gnostication of DAI.
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1. INTRODUCTION

Diffuse Axonal Injury (DAI), initially described by Strich
in 1956, is a rarely occurring consequence of traumatic
brain injury (TBI).! The analysis of TBI in Poland between
2009 and 2012 performed by Miekisiak et al. demonstrated
a general frequency 126/105 per year of which DAI con-
stituted 2.11%.2 The epidemiological data presented above
is comparable with trends occurring in many European
countries.?

For many years diagnosis and identification of DAI
was limited. The specific biochemical markers still have
not been described.*” Progress in the development of ra-
diological diagnostic methods has made current abilities for
recognition and prognosis much greater. Brain computed
tomography (CT) is the first choice radiological method to
describe consequences of injury, but does not correspond
well to the Glasgow coma scale (GCS) score and neurologi-
cal state. The brain MRI has become especially important in
the imaging and confirming diagnosis of DAIL%12

Numerous classifications have been formed to describe
severity of DAI and predict outcomes of brain injury.!>*
Diagnosis of DAI is based on clinical signs and radiologi-
cal imaging. The treatment of DAI is multidirectional but
still not specific.’>7 The most important management are
the cardiac and respiratory stabilization and the prevention
of secondary complications connected to the brain injury.
Many studies presented positive effects of systemic electro-
lytes and metabolic stabilization, neuroprotective pharma-
cotherapy, rehabilitation and local stimulation of healing
and regenerative processes.'$!

2. AIM

The aim of this paper is the presentation of the clinical im-
age of DAI and the emphasis of the diagnostic importance of
MRI in the diagnosis of this neurological condition.

Figure 1. Axial CT, day of injury (DOI). Small hemorrhagic focus in left subinsular region — arrow (a) and at the level
of the centrum semiovale in the left and right frontal subcortical white matter — arrows (b). Hypodense lesion in genu

of corpus callosum is not well seen in CT - arrow (c).

Figure 2. Axial CT, 18 days after DOI at the same level like in Figure 1. Partially resorbed hemorrhagic foci, hyper- and
hypodense — arrows (a, b). Hypodense lesion in genu of corpus callosum is more evident than on the DOI (c).
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Figure 3. Axial MRI T2* images, 20 days after DOI. Better detection of multiple hemorrhagic shearing foci consistent
with DAL seen as hypointense lesions (blood products/hemosiderin) in left subinsular region (a), in anterior part of

corpus callosum (b) and in the frontal lobes (c) — arrows.
3. CASE STUDY

A 66-year-old female was admitted to the Intensive Care Unit
(ICU) from Emergency Department in the 2nd day after TBI
resulting from traffic accident due to cardiovascular and res-
piratory failure. Neurological condition at admittance to the
emergency room was following: GCS score 3 (eyes — 1, verbal
— 1, motor - 1), pupils even, narrow, non-reactive to light. Ad-
ditional injuries included numerous right side rib fractures,
bruising of the right lung and pneumothorax. The brain CT
showed spotted subcortical hemorrhages within the left in-
sular cortex as well as several bleeds in both parietal lobes,
no hemorrhagic cortical contusions, a symmetrical ventricu-
lar system which was not expanded, with internal structures
not displaced, and with the bones of the skullcap without
visible posttraumatic changes (Figure la—c). A suspicion of
DAI was formulated on the basis of the image. Neurosur-
gical consultation did not qualify the patient for surgical
treatment. At admission to ICU the patient was in critical
general condition, blocked pharmacologically, intubated and
mechanically ventilated, with active intrathorasic drainage,
circulation system required stabilization using the infusion
of vasopressors. Incomplete, due to the sedation, initial neu-
rological assessment was following: narrow, symmetrical pu-
pils, sluggish reaction to light, tendon reflexes symmetrically
preserved, without pathological reflexes.

Subsequent CT scan on day 2 showed no new haemor-
rhagic lesions. A follow-up brain CT performed on day 7
and day 18 showed smaller subcortical bleeds in the left in-
sular cortex and in both parietal lobes, with the symmetrical
ventricular system, not expanded and internal structures
not displaced (Figure 2a—c). After complete withholding of
sedation a comprehensive neurological assessment was pre-
formed. The patient opened eyes in reaction to painful stim-
ulation (2), did not present verbal response (1), withdrawal
motor reaction (4) indicating GCS score 7, with slight
anisocoria of the pupils L > R, tone muscle and strength
was reduced bilaterally, superficial reflexes — positive, sym-
metrical, without pathological reflexes. Recommendations

for further treatment included neuroprotective therapy and
more extensive radiological diagnosis using MRI.

Following MRI scan on day 20 presented multiple areas
of signal loss at the gray-white matter junction in both fron-
tal lobes consistent with old microbleeds. Similar foci were
seen in the area of the splenium and lobe of the corpus cal-
losum and hemorrhaging lesion within the left subinsular
region in the area of the nucleus lentiformis (Figure 3a—c).

Hospitalization at the ICU lasted 71 days. Because of
neurological condition tracheostomy was performed. Start-
ing with day 31 the patient was breathing spontaneously
with tracheotomy tube and the passive oxygen therapy. The
circulatory system was stable and did not require pharma-
cological support. During hospitalization the neurological
condition remained stable. Neurologically no improvement
in the consciousness was achieved and remained at GCS
score — 7 with Glasgow outcome scale extended (GOSE) — at
3 (lower severe disability).

The prognosis remains limited without possibility for
independent functioning. The patient was transferred to the
Department of Neurology with a plan for continuation of
therapy at Rehabilitation and Care Center.

4. RESULTS AND DISCUSSION

DAI is a rare condition resulting from brain injury. The
neurological state often cannot be explained by images ob-
tained using CT. Many publications stress the great impor-
tance of using MRI to diagnose DAI. In the case study pre-
sented above the neurological condition did not correspond
to the injuries visible in CT images. Only in the brain MRI
characteristic lesions to DAI in the structures of the corpus
callosum according to the Marshall classification as a stage
II and Rotterdam Classification — 1, became visible.!*"* The
hemorrhaging area localized in corpus callosum were con-
nected with the poor level of consciousness — GCS score — 7.

Observations of patients with DAI conducted by Park et
al. indicated that after 10 months medical treatment 52% of
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patients recovered a good level of consciousness, 28% were
relatively stable, 12% remained in critical condition while
8% slipped into a vegetative state. Patients with grade II in-
juries had an average GCS score of 7.6 and the mean inter-
val to return consciousness was 12.5 days. Authors showed
that 50% of patients with changes caused by hemorrhage in
corpus callosum as well as in the brainstem never regained
consciousness. The our case study was consistent with the
observations of Park et al. illustrating serious and persistent
neurological state caused by DAI with changes occurring in
the corpus callosum.?

The neurological condition remained stable, however,
due to lack of improvement of consciousness significantly
reduced the possibility for a positive prognosis.

5. CONCLUSIONS

The brain MRI is an important element in diagnosis of neu-
rological state in patient with DAI The discovery of the
characteristic changes caused by hemorrhage within brain
structures explains neurological deficiencies. The staging in
radiological classification reflects the neurological state and
allows the formulation of a prognosis.
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ABSTRACT

Introduction: Diaphragm Mobility (DM) assessment is gaining interest in
the field of medicine and in the healthcare sector. Despite its clinical usage, the
measure of reliability in assessing DM is not clearly known.

Aim: To critically appraise the evidence describing the reliability measures of
DM assessment using any of the diagnostic modalities.

Material and methods: A systematic search across five databases was car-
ried out from January 1990 to September 2016. Quality Appraisal of Reliability
Studies (QUAREL) and the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) system were used to assess the risk of bias and for
rating the quality of the evidence. In addition, levels of evidence grading which
synthesize all the included articles for grading were also used.

Results and discussion: Four papers were included for assessing both
intra-rater and inter-rater reliability using ultrasound and radiography. Three
papers reported ICC measures of reliability, with one paper reporting CV% of
reliability. The results demonstrate that, overall, lower levels of evidence exist
among the selected articles between moderate and good for intra-rater reliability
and good for inter-rater reliability measures. The synthesis of all the included
articles demonstrated that, overall, moderate evidence exists.

Conclusions: There were moderate-to-good reliability measures with a low
risk of bias in both the forms of reliability for assessing diaphragmatic mobility.
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1. INTRODUCTION

Breathing is a natural physiological process which is re-
quired to withstand life. In this context, the diaphragm is
an important muscle of respiration. Thus, it is understood
that dysfunction or impairment of diaphragm disturbs the
breathing cycle. Such undue changes which occur due to the
phenomena of abnormal physiology and biomechanical ab-
normality could eventually lead to altered work of breathing
and deterioration in exercise tolerance, which would affect
the quality of life.!

Diaphragmatic mobility (DM) is one of the important
parameters to be assessed in recent years to identify dys-
function of the diaphragm. In general, DM assessment was
developed to improve screening of individuals who suffer
from respiratory concerns. It has been theorized that indi-
viduals whose breathing is compromised because of respira-
tory illness and musculoskeletal disorders may exhibit poor
movement patterns of the diaphragm, thus predisposing an
individual to respiratory dysfunction.’>* In order to know
the extent of DM, a few imagery assessment methods are
used to evaluate the function and position of the diaphragm.
The imagery assessment methods that are in practice are X-
ray, fluoroscopy, magnetic resonance imaging (MRI), and
ultrasonography.>” Out of all these techniques proposed
to assess DM, ultrasound has the advantage of being a safe
operating procedure, as described in the earlier literature.?
Even though various techniques of assessment are available
to assess DM, the commonly used methods of estimation to
ensure reliability of results are not understood clearly.

In general, reliability takes two forms, one is relative re-
liability and the other is absolute reliability.’ In relation to
DM, relative reliability is the degree to which DM values
differ on two occasions, and this can be expressed by means
of Pearson’s correlation coefficient and intraclass correla-
tion coefficient (ICC). On the other hand, absolute reliabil-
ity is the degree to which repeated measurements of DM
vary for individuals, which can be expressed by means of the
standard error of measurements (SEMs), the coefficient of
variation (CV), and Bland and Altman’s 95% limits of agree-
ment. The current consensus in the literature is that these
two forms of reliability estimates need to be used together
while performing reliability statistics in order to test repeat-
ability and reproducibility.®

On considering these two reliability forms, the term reli-
ability of DM has been reported in a few studies.!®!! These
studies have utilized differing forms of reliability and dif-
ferent methods of evaluating DM using different diagnos-
tic modalities. In addition, the authors have utilized raters
with different levels of clinical expertise and different back-
grounds in the field of medicine. Therefore, there is no con-
sensus on which forms of reliability measures are commonly
used to test reliability measures and which mode of assess-
ment technique is reliable for evaluating DM.

To date, there has been no synthesis of the evidence re-
garding the reliability of DM to make a definite statement
regarding the clinical applicability or use of this method in

practice using a particular modality for assessment. If this
assessment method of using any of the modalities is reli-
able within and between the raters, clinicians can be confi-
dent in their assessments and begin to utilize interventions
to improve the patient’s status. Furthermore, it will enable
clinicians and researchers to assess the effectiveness of their
treatments through reevaluation to improve the patient’s
condition following respiratory rehabilitation.

2. AIM

The specific objective of this systematic review was to criti-
cally appraise published evidence describing the reliability
measures of DM using any of the diagnostic modalities de-
scribed in earlier literature.

3. MATERIAL AND METHODS

3.1. Search strategy and selection criteria

The details of the search are presented in Figure 1. Two re-
viewers (VM and AP) independently selected the eligible
studies based on the inclusion and the exclusion criteria as
stated in the study protocol. All studies that investigated
the reliability of DM assessment using any of the measure-
ment devices were included. The criteria for the inclusion
comprised the following: the articles had to assess human
subjects with no restriction regarding methods of the as-
sessment instrument. Furthermore, only articles that are
published in English were considered in the present study.
Studies, which are not published in relation to reliability
and DM were excluded. In the initial review, the extracted
data included the type of study design, purpose of study, and
examination of DM with statistical analysis and conclusion.
In case of disagreement in the article selection, a consensus
was reached by consulting with a third reviewer (MM).

3.2. Quality assessment

The methodological quality of the included studies in this
present systematic review was assessed using a Quality Ap-
praisal of Reliability Studies (QUAREL) scale.’? A score of
60% or more indicates high-quality studies.!>* The tool was
found to be a reliable tool for assessing diagnostic reliability
studies.’® The present study adapted the QUAREL scale to
identify whether the equipment used was able to detect DM.
The quality assessment was carried out by two reviewers (PS
and UFH) independently for all the four included studies.
In case of discrepancy in rating the articles, a consensus was
reached by consulting with a third reviewer (SD).

3.3. Level of evidence

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach was used to rate
the quality of evidence and the grading strength of the
recommendations.’* The GRADE method of approach de-
scribes the evidence as high, moderate, low, and very low. In
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addition, the level of evidence was analyzed using updated
method guidelines for systematic reviews in the Cochrane
group, as proposed by van Tulder et al.”?

4. RESULTS

The computer software used for this review included Mi-
crosoft Office 2008, SPSS v. 21 (IBM Corporation; Armonk,
New York), Microsoft Office Excel 2008, and Mendeley v.
1.16.3 for reference formatting. The SPSS data sheet im-
ported all, the averaged data of QUAREL between the ob-
servers for inter-rater reliability of Kappa statistic measures
of assessment from a Microsoft Excel spreadsheet.

4.1. Literature search

The PRISMA flow chart depicting the systematic search
and review process for selection can be found in Figure 1. Of
the initial 70 articles retrieved through the electronic search
engines, 6 articles met the criteria set by the study protocol.
In addition, 2 other articles were retrieved through other re-
sources, thus totaling the number of articles to be 8. After
screening and removing the duplicates, the total number of

articles in the qualitative synthesis was 4. Three articles de-
termined the intra-observer and the inter-observer reproduc-
ibility in relation to DM assessment using ultrasound. Only
1 article determined both reproducibility and repeatability in
relation to DM assessment using radiograph. The character-
istics of all the included studies are presented in Table 1.

4.2. Assessment of risk of bias within studies

The two reviewers initially agreed on 39 out of 44 (88.63%)
items on the QUAREL checklist with a Kappa score (0.42).
Differences in the QUAREL scores were resolved through
discussion among the reviewers. The quality scores ranged
from 45.45% to 81.81% with one high-quality study (>60%)
and three low-quality studies (<60%). The internal compo-
nent ranged from 14.28% to 71.42%, while the external va-
lidity component was 100%. All the studies rated at 100% on
the statistical portion of the QUAREL scale.

4.3. Study characteristics
Three modalities including B-mode, M-mode ultrasonog-

raphy, and radiographic equipment were used for assessing
DM in four of the included studies.!®!%!° Three studies

Figure 1. Flowchart of study selection process according to the preferred reporting items for systematic review and

meta-analysis (PRISMA).

Records identified through databases searching:
EBSCO (n = 12),
Ovid (n = 20),
Science Direct (n = 16),
PubMed (n = 21),
Scopus (n = 1)
(n = 70)

Additional record identified through other
sources; references
(n =3)

Record after screening the title and abstract:
EBSCO (n = 3),
Ovid (n = 2),
Science Direct (n = 0),
PubMed (n = 0),
Scopus (n = 1),
other sources (3)
(n=29)

Records after duplicates removed
(n=9)

Full-text articles assessed for eligibility
(n=23)

Record excluded based on relevance
or no reliability statistic data
(n=4)

Included studies
(n=4)
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Table 1. Characteristics of included studies.

Sample size Rater

(raters)

Reliability design

(experience)

Position of

Side of diaphragm NS

mobility

Sample size

Modality (participants)

Grams et al. (2014) Intra-observer

Inter observer RP

& repeatability 2 1 year B-Mode US
Intra and inter
Boussuges et al. (2009) observer RP 2 NC
Intra and inter
Houston et al. (1992) observer RP 2 NS
Supine/inter-
costal probe 55 general

Probe position

Dorsal decubitus/
right subcostal

M-mode US RT and LTHD  between mid- medical ward
axillary & mid-  patients
clavicular line

Saltiel et al. (2013) i ol B 2 NS

observer RP

RT HD e . 40 HS
region in the sagit-
tal plane
Standing/
subcostal or
low intercostal
M-mode US RT & LT HD probe placed 180 HS
between the
anterior & mid
axillary lines
Real time US &
Chesn oz 44 patients who
; . waited for cho-
raphy: Antero- RT & LT HD Supine/NS ————
posterior view zurgery y

Comments: HD — hemi-diaphragm, HS — healthy subjects, LT — left, NS — not specified, NC — not clear, RT - right, RP — reproducibility, US — ultrasound.

used an ultrasound device in which two of the studies used
M-mode ultrasonography and one study used B-mode ul-
trasound.!%® One of the included studies used the radi-
ography method to assess the reliability measures of DM.1°
Among the four included studies, only one study reported
that the rater had one year of clinical experience, whereas
the remaining four studies did not specify anything about
experience, or it was not clearly mentioned. Three of the in-
cluded studies evaluated both right and left hemi-DM. One
of the included studies evaluated only right hemi-DM.

The interpretation of the ICC values for all the includ-
ed studies was based on evidence as poor (0.00-0.25), fair
(0.26-0.50), moderate (0.51-0.75), and good (0.76-1.00).%°
The inter-rater reliability according to the ICC interpreta-
tion for three of the included studies are good. The intra-
rater reliability according to the ICC interpretation for three
of the included studies ranged from moderate to good. Only
one of the included studies utilized coefficient of variation
percentage (CV %) to report reliability measures for DM us-
ing real time and M-mode ultrasonography. Both the meas-
ures of reproducibility of quiet and deep breathing using the
real-time method of assessment were acceptable, with a CV
of 13%, and the deep real time of DM was good, with 6.5%.

Statistical pooling of the data was not performed as the
number of studies that used B-Mode, M-mode ultrasound,
and radiography for assessing DM was limited. Second, meth-
odological variation in terms of the position of the patients by
identifying a landmark varied between the studies. Third, the
inclusion criteria between the studies were heterogeneous in
terms of samples. A few of the studies decided not to perform
funnel plot analysis to rule out publication bias.

4.4. Level of evidence

The results of the inter-observer and the intra-observer reli-
ability statistics demonstrate that, overall, low levels of evi-
dence existed in the selected articles, which were between
moderate and good for intra-rater reliability. For inter-rater
reliability measures, it was good, on using the GRADE
method of assessment.!® Equally, the van Tulder et al. ap-
proach indicates that, overall, moderate evidence exists in
both inter-observer and intra-observer reliability of DM."7

5. DISCUSSION

The present study is, to our knowledge, the first systematic
review assessing the risk of bias and summarizing the results
of reliability measures such as relative and absolute for DM
using various modalities. The included studies had different
measuring equipment and were conducted with different
methodological measures. Hence, a universal methodology
for assessing DM either using ultrasound or through radio-
graph is necessary. All the included studies were conducted
with low risk of bias and had a moderate level of evidence
for the measures of reliability in measuring DM.

All the included studies examined intra-observer reli-
ability and inter-observer reliability. However, the statisti-
cal measures that were utilized differed between the studies.
Three of the studies included in the review reported relative
reliability (ICC) and Pearson correlation coefficient analy-
8is.!%1L1% One of the included studies reported absolute reli-
ability (CV %).!® Only one study used both absolute and rel-
ative forms of reliability measure, which were Pearson and
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Bland-Altman methods of analysis.’ The studies reported
for inter-rater reliability were, overall, shown to have good
reliability, indicating that clinicians could replicate the
measurement of DM using an ultrasound device. Measure-
ment of the other type of reliability, which is intra-observer
reliability measurement, had a distinction between moderate
and good reliability. This signifies that neither of the forms
of reliability measures, which are relative and absolute reli-
ability measures, was reported in any of the included studies
for the present systematic review. A report which was car-
ried on diaphragmatic displacement using ultrasound was
excluded when it was identified through other resources.?
The reason behind the exclusion is that the majority of the
characteristics which were to be extracted for the present
study were not clear. Nevertheless, the results of the short
report showed that the measurement of the diaphragmatic
displacement at tidal breathing was reliable. This further
supports that the studies which were carried out in this area
did not report clearly the measures of reliability.

5.1. Methodological considerations

Three of the included studies demonstrated low internal valid-
ity (1/7) and one of the included studies showed high internal
validity (5/7) as assessed by the QUAREL checklist. Hence, it
can be inferred that the included studies ranged between low
and high quality in terms of internal validity measures. Most
of the parameters of internal validity as assessed through the
QUAREL checklist scored ‘unclear’ or ‘no’ in three of the in-
cluded studies, indicating that the quality of the studies was
low. The intimidation to internal validity as evaluated by the
QUAREL checklist concerns the parameters of blinding raters,
blinding clinical information, additional cues, and diseases.

In order to avoid bias between the reviewers who as-
sessed the QUAREL checklist, the review team opted for
one clinical content expert and a non-expert as recommend-
ed by earlier guidelines for performing a systematic review.!
In addition, the review team carried out a pilot test of meth-
odological quality assessment on the various articles that
were not included in the review. This could be the probable
reason why the quality scores were graded as low, as opera-
tionalization and interpretation of each of the parameters
are discussed earlier for methodological quality assessment
using the QUAREL scoring method. Furthermore, the re-
view group opted to have an international group of authors
to reduce bias in the inclusion of articles.

5.2. Practical implications

The results of this systematic review imply that inter-observer
reliability is typically good while intra-observer reliability is
typically between moderate and good. Therefore, it can be in-
terpreted that the results are encouraging enough to conclude
that clinicians can replicate the DM values. The range of in-
terpretation which is between moderate and good for intra-
rater reliability is concerning the credibility of the assessment.
The lack of consistency within the rater’s reading challenges
the credibility of the measurement. This can be overwhelmed
by identifying factors such as knowledge of the anatomi-

cal landmark of the abdomen, experience of the investigator,
the position of the patient, and positioning of the transducer.
Therefore, it can be conceded that these factors need to be de-
liberated on to improve the consistency within the investiga-
tor’s reading. In addition, currently, there no reference stand-
ards for DM values, meaning there are no acceptable ranges of
healthy and diseased subjects. Hence, there is a need to gener-
ate the reference values with regard to both healthy and clinical
populations. Overall, the intra-observer and the inter-observer
measures of reliability were found to be good. However, the re-
sults of the systematic review need to be interpreted with cau-
tion as there is limited literature in this particular field.

5.3. Limitations and recommendations of re-
view

The systematic review, which assessed intra-observer and
inter-observer reliability of DM using ultrasound and radi-
ography was accomplished based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines. In addition, the measures of QUAREL,
GRADE, and level of evidence grading were employed
based on earlier guidelines.!>!5-17

Even though the measures of systemic review guidelines
were followed, the study has certain limitations. Firstly,
only articles that were published in English for assessing
intra-observer and inter-observer reliability were included.
Even though no articles were retrieved during the search
other than articles in English, this could be considered as
one of the limitations. This could be because of the selection
of the databases for the present systematic review: it could
be that these databases were not able to retrieve articles oth-
er than those in English.

Out of the four articles included in the systematic review,
two articles were from Brazil, one was from France, and the
fourth was from the United Kingdom. The impression is that
the study was including two articles from South America and
two from Europe. This indicates that articles relevant to the
topic may have been published in languages other than Eng-
lish which the team may have presumably missed out. Sec-
ondly, most of the articles which were included in this review
performed DM assessment on healthy subjects, which means
that there is a possibility that the results of the assessment
may be different in various clinical conditions. Hence, the
measure of reliability needs to be tested on clinical popula-
tions to ascertain the reliability measures of DM. Studies
with similar methods need to be carried out on various clini-
cal populations, such as those suffering from musculoskeletal,
neurological, and cardio-respiratory conditions for the study
findings of the reliability measures to be generalized.

6. CONCLUSIONS

The results of this systematic review indicate that diaphrag-
matic mobility assessment is presented in studies with mod-
erate-to-good reliability with low risk of bias. The clinical
implications of the tests may be suggested with caution.
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Therefore, utilization of this technique may be recommend-
ed. However, future research is important to evaluate dia-
phragmatic mobility in both healthy and diseased subjects.

Conflict of interest
None declared.

Acknowledgements
The authors would like to thank the library assistance of
Universiti Teknologi MARA, Puncak Alam, Malaysia.

References

1

Kolar B, Sulc J, Kyncl M, et al. Postural function of the dia-
phragm in persons with and without chronic low back pain.
J Orthop Sports Phys Ther. 2012;42(4):352-362. https://doi.
org/10.2519/jospt.2012.3830.

Paulin E, Yamaguti WPS, Chammas MC, et al. Influence
of diaphragmatic mobility on exercise tolerance and dys-
pnea in patients with COPD. Respir Med. 2007;101(10):
2113-2118. https://doi.org/10.1016/j.rmed.2007.05.024.
Rocha T, Souza H, Brandao DC, et al. The Manual Diaph-
ragm Release Technique improves diaphragmatic mobility,
inspiratory capacity and exercise capacity in people with
chronic obstructive pulmonary disease: A randomised trial.
F Physiother. 2015;61(4):182-189. https://doi.org/10.1016/j.
jphys.2015.08.009.

Santana PV, Prina E, Albuquerque AL, Carvalho CR, Ca-
ruso P. Identifying decreased diaphragmatic mobility and
diaphragm thickening in interstitial lung disease: the utility
of ultrasound imaging. ¥ Bras Pneumol. 2016;42(2):88-94.
https://doi.org/10.1590/51806-37562015000000266.

Haji K, Royse A, Green C, Botha ], Canty D, Royse C. In-
terpreting diaphragmatic movement with bedside imaging,
review article. ¥ Crit Care. 2016;34:56—65. https://doi.or-
£/10.1016/j.jcrc.2016.03.006.

Kolaf B Neuwirth J, Sanda J, et al. Analysis of diaphragm move-
ment during tidal breathing and during its activation while bre-
ath holding using MRI synchronized with spirometry. Physiol
Res. 2009;58(3):383-392. https://doi.org/10.1093/ehjci/jeul87.
Rocha FR, Briiggemann AKY, Francisco D de S, Medeiros
CS de, Rosal D, Paulin E. Diaphragmatic mobility: rela-
tionship with lung function, respiratory muscle strength,
dyspnea, and physical activity in daily life in patients with
COPD. ¥ Bras Pneumol. 2017;43(1):32-37. https://doi.
org/10.1590/s1806-37562016000000097.

Toledo NSG, Kodaira SK, Massarollo PCB, Pereira OI, Mies
S. Right hemidiaphragmatic mobility: assessment with US
measurement of craniocaudal displacement of left branches
of portal vein. Radiology. 2003;228(2):389-394. https://doi.
org/10.1148/radiol.2282011554.

9

20

21

Bruton A, Conway JH, Holgate ST. Reliability: What is it,
and how is it measured? Physiotherapy. 2000;86(2):94-99.
https://doi.org/10.1016/S0031-9406(05)61211-4.

Saltiel R V., Grams ST, Pedrini A, Paulin E. High relia-
bility of measure of diaphragmatic mobility by radio-
graphic method in healthy individuals. Brazilian J Phys
Ther. 2013;17(2):128-136. https://doi.org/10.1590/S1413-
35552012005000076.

Grams ST, von Saltiél R, Mayer AF et al. Assessment of
the reproducibility of the indirect ultrasound method of
measuring diaphragm mobility. Clin Physiol Funct Imaging.
2014;34(1):18-25. https://doi.org/10.1111/cpf.12058.

Lucas NP, Macaskill P, Irwig L, Bogduk N. The develop-
ment of a quality appraisal tool for studies of diagnostic
reliability (QAREL). ¥ Clin Epidemiol. 2010;63(8):854-861.
https://doi.org/10.1016/j.jclinepi.2009.10.002.

May S, Chance-Larsen K, Littlewood C, Lomas D, Saad
M. Reliability of physical examination tests used in the as-
sessment of patients with shoulder problems: A systematic
review. Physiotherapy. 2010;96(3):179-190. https://doi.or-
£/10.1016/j.physi0.2009.12.002.

May S, Littlewood C, Bishop A. Reliability of procedures
used in the physical examination of non-specific low back
pain: A systematic review. Aust J Physiother. 2006;52(2):
91-102. https://doi.org/10.1016/S0004-9514(06)70044-7.
Lucas N, Macaskill P, Irwig L, et al. The reliability of a qu-
ality appraisal tool for studies of diagnostic reliability (QA-
REL). BMC Med Res Methodol. 2013;13:111. https://doi.
org/10.1016/j.jclinepi.2009.10.002.

Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines:
1. Introduction — GRADE evidence profiles and summary
of findings tables. ¥ Clin Epidemiol. 2011;64(4):383-394.
https://doi.org/10.1016/j.jclinepi.2010.04.026.

Van Tulder M, Furlan A, Bombardier C, Bouter L. Upda-
ted Method Guidelines for Systematic Reviews in the Co-
chrane Collaboration Back Review Group. Spine (Phila
Pa 1976). 2003;28(12):1290-1299. https://doi.org/10.1097/
BRS.0b013e3181b1c99f.

Houston JG, Morris AD, Howie CA, Reid JL, McMillan N.
Technical report: Quantitative assessment of diaphragmatic
movement — A reproducible method using ultrasound. Clin
Radiol. 1992;46(6):405-407. https://doi.org/10.1016/S0009-
9260(05)80688-9.

Boussuges A, Gole Y, Blanc P. Diaphragmatic motion stu-
died by M-mode ultrasonography. Chest. 2009;135(2):391—
400. https://doi.org/10.1378/chest.08-1541.

Portney LG, Watkins MP. Foundations of Clinical Research
Applications to Practice. 3rd Ed. New Jersy: Prentice Hall He-
alth; 2009.

Blaney F, English CS, Sawyer T. Sonographic measurement of
diaphragmatic displacement during tidal breathing manoeu-
vres — a reliability study. Aust ¥ Physiother. 1999;45:41-43.


https://doi.org/10.2519/jospt.2012.3830
https://doi.org/10.2519/jospt.2012.3830
https://doi.org/10.2519/jospt.2012.3830
https://doi.org/10.2519/jospt.2012.3830
https://doi.org/10.1016/j.rmed.2007.05.024
https://doi.org/10.1016/j.rmed.2007.05.024
https://doi.org/10.1016/j.rmed.2007.05.024
https://doi.org/10.1016/j.rmed.2007.05.024
https://doi.org/10.1016/j.jphys.2015.08.009
https://doi.org/10.1016/j.jphys.2015.08.009
https://doi.org/10.1016/j.jphys.2015.08.009
https://doi.org/10.1016/j.jphys.2015.08.009
https://doi.org/10.1016/j.jphys.2015.08.009
https://doi.org/10.1016/j.jphys.2015.08.009
https://doi.org/10.1590/S1806-37562015000000266
https://doi.org/10.1590/S1806-37562015000000266
https://doi.org/10.1590/S1806-37562015000000266
https://doi.org/10.1590/S1806-37562015000000266
https://doi.org/10.1590/S1806-37562015000000266
https://doi.org/10.1016/j.jcrc.2016.03.006
https://doi.org/10.1016/j.jcrc.2016.03.006
https://doi.org/10.1016/j.jcrc.2016.03.006
https://doi.org/10.1016/j.jcrc.2016.03.006
https://doi.org/10.1093/ehjci/jeu087
https://doi.org/10.1093/ehjci/jeu087
https://doi.org/10.1093/ehjci/jeu087
https://doi.org/10.1093/ehjci/jeu087
https://doi.org/10.1590/s1806-37562016000000097
https://doi.org/10.1590/s1806-37562016000000097
https://doi.org/10.1590/s1806-37562016000000097
https://doi.org/10.1590/s1806-37562016000000097
https://doi.org/10.1590/s1806-37562016000000097
https://doi.org/10.1590/s1806-37562016000000097
https://doi.org/10.1148/radiol.2282011554
https://doi.org/10.1148/radiol.2282011554
https://doi.org/10.1148/radiol.2282011554
https://doi.org/10.1148/radiol.2282011554
https://doi.org/10.1148/radiol.2282011554
https://doi.org/10.1016/S0031-9406(05)61211-4
https://doi.org/10.1016/S0031-9406(05)61211-4
https://doi.org/10.1016/S0031-9406(05)61211-4
https://doi.org/10.1590/S1413-35552012005000076
https://doi.org/10.1590/S1413-35552012005000076
https://doi.org/10.1590/S1413-35552012005000076
https://doi.org/10.1590/S1413-35552012005000076
https://doi.org/10.1590/S1413-35552012005000076
https://doi.org/10.1111/cpf.12058
https://doi.org/10.1111/cpf.12058
https://doi.org/10.1111/cpf.12058
https://doi.org/10.1111/cpf.12058
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.physio.2009.12.002
https://doi.org/10.1016/j.physio.2009.12.002
https://doi.org/10.1016/j.physio.2009.12.002
https://doi.org/10.1016/j.physio.2009.12.002
https://doi.org/10.1016/j.physio.2009.12.002
https://doi.org/10.1016/S0004-9514(06)70044-7
https://doi.org/10.1016/S0004-9514(06)70044-7
https://doi.org/10.1016/S0004-9514(06)70044-7
https://doi.org/10.1016/S0004-9514(06)70044-7
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2009.10.002
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1016/S0009-9260(05)80688-9
https://doi.org/10.1016/S0009-9260(05)80688-9
https://doi.org/10.1016/S0009-9260(05)80688-9
https://doi.org/10.1016/S0009-9260(05)80688-9
https://doi.org/10.1016/S0009-9260(05)80688-9
https://doi.org/10.1378/chest.08-1541
https://doi.org/10.1378/chest.08-1541
https://doi.org/10.1378/chest.08-1541

272

PorL ANN MED. 2018;25(2):272-276

M

(KO =g
\ég\&\\* 0, e
S ) 5

-

p
B4 et ™

QNARMWS”Z’
. .. < 2
Polish Annals of Medicine § ol %
 |Alvl 2

Journal homepage: https://www.paom.pl ¥ 01w’

Review article

Effects of exercise on blood glucose levels in type 2 diabetic patients —

Literature review

Apolinary Ginszt', Michat Ginszt!, Piotr Majcher', Zbigniew Tarkowski’

! Chair and Department of Rehabilitation, Physiotherapy and Balneotherapy, the Medical University of Lublin, Poland
2 Department of Pathology and Rehabilitation of Speech, Medical University of Lublin, Poland

ARTICLE INFO

Article history

Received 20 July 2017
Accepted 19 October 2017
Available online 7 May 2018

Keywords
Diabetes
Glucose
Exercise

Doi
10.29089/2017.17.00037

User license

This work is licensed under a
Creative Commons Attribution —
NonCommercial — NoDerivatives
4.0 International License.

(@) sv-ne-no |

ABSTRACT

Introduction: Diabetes is a major global health problem that affects almost
382 million people worldwide. Physical exercises have been considered as a ‘gold
standard’ in treatment of type 2 diabetes. Nevertheless, there is still a low preva-
lence of exercise in diabetes population.

Aim: The aim of our study is to present the effects of resistance, aerobic, com-
bined, and high-intensity exercise on blood glucose levels in patients with type
2 diabetes.

Material and methods: The attempt was made to investigate the effects of
exercise on blood glucose levels in type 2 diabetic patients. Using keywords ‘dia-
betes,” ‘exercise,” ‘glucose,” we performed a review of relevant articles based on a
PubMed and Scopus online databases, focusing on the last five years.

Results and discussion: The combination of resistance and aerobic tra-
ining seems to have a greater impact on glycemic control than both types of
exercise alone. In addition, some studies have shown a positive effect of high-
-intensity exercise, especially high-intensity interval training, in the treatment
of diabetes.

Conclusions:Both resistance, aerobic, and combined exercises have benefits
in glycemic control for type 2 diabetic patients. The type of exercise chosen to
the treatment of diabetes should be matched according to the individual clinical
profile of the patient. Further studies are needed to assess the effects of high-in-
tensity exercises on blood glucose levels in type 2 diabetes.
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1. INTRODUCTION

Diabetes is a major global health problem that affects almost
382 million people worldwide.! The pathogenesis of type 2
diabetes (T2D), which accounts for 85%-95% of all diabe-
tes cases in the world, has been for a long time. Current re-
search shows, that insulin resistance and B-cell dysfunction
are the major factors in the pathogenesis of T2D.? However,
the disease process is heterogeneous, including genetic and
environmental determinants such as physical inactivity
and poor nutrition.>* The environmental determinants of
insulin resistance and B-cell dysfunction are strongly asso-
ciated with obesity and a sedentary lifestyle. Thus, physi-
cal exercise has been considered as a ‘gold standard’ in the
treatment of T2D. This non-pharmacological therapeutic
strategy improves glycaemic control and insulin sensitiv-
ity.> Moreover, physical exercises have a positive impact on
body composition, blood pressure and lipid profile, which
disorders can be a predictor of T2D.® European Association
for the Study of Diabetes and American Diabetes Associa-
tion pay attention to the important role of well-planned ef-
fort in the treatment of diabetes, especially of type 2.8 Fur-
thermore, individuals at high risk for developing T2D can
significantly decrease the rate of diabetes onset by lifestyle
intervention, such as increasing physical activity to at least
150 min/week of moderate activity and weight loss of 7% of
body weight.?

Nevertheless, in some countries there is still a low preva-
lence of exercise practice in patients with T2D.® It might
be due to the lack of knowledge about potential benefits of
physical exercises and current international recommenda-
tions for diabetic patients.! Over the last few years, more
research is using a continuous glucose monitoring system,
which gives unprecedented access to control patient’s blood
glucose levels.!'? In spite of this, there is still a lack of stud-
ies demonstrating which type of exercise should be recom-
mended for T2D. Scientific organisations (International
Diabetes Federation, European Association for the Study of
Diabetes, American College of Sports Medicine, American
Diabetes Association, American Heart Association, Belgian
Physical Therapy Association, Canadian Diabetes Associa-
tion, European Society of Cardiology, Exercise and Sports
Science Australia, Francophone Diabetes Society, Swed-
ish National Institute of Public Health) recommend both
aerobic activity, resistance exercise and combined aerobic/
resistance training.!* In addition, some studies have shown
a positive effect of high-intensity exercise, especially high-
intensity interval training, in the treatment of diabetes, in-
cluding the increase of glucose uptake and improvement of
mitochondrial function.!*!6

Therefore, exercise volume and the type of training
should be carefully analyzed and matched to the medical
profile of the diabetic patient, which may be a major deter-
minant of proper glucose level.

2. AIM

The aim of our study is to present the effects of resistance,
aerobic, combined, and high-intensity exercise on blood
glucose levels in patients with T2D.

3. MATERIAL AND METHODS

The attempt was made to investigate the effects of exercise
on blood glucose levels in type 2 diabetic patients. Using
keywords ‘diabetes,’” ‘exercise,” ‘glucose,” we performed a
review of relevant articles based on a PubMed and Scopus
online databases, focusing on last five years.

4. RESULTS AND DISCUSSION

4.1 Resistance exercise

Resistance exercise is an anaerobic type of training, which
is used to increase muscular strength, power, and endurance
by varying the resistance intensity range between 50%—75%
of 1l-repetition maximum.!”’® Well-planned, ten-week re-
sistance training may increase resting metabolic rate by 7%
and reduce fat weight by 1.8 kg.!” By decreasing visceral
fat and improving insulin sensitivity and glucose control,
resistance training can be a useful tool in the treatment of
T2D. Hence, resistance exercise for T2D is recommended
by national and international organisations.?>?> According
to Position Statement of the American Diabetes Associa-
tion, resistance training of any intensity is recommended
for diabetic patients to improve strength, balance, and abil-
ity to engage in activities of daily living throughout the life
span. In addition, adults with diabetes should engage in 2-3
sessions/week of resistance exercise on nonconsecutive days
(1).2 Moreover, Ishiguro et al. (2016) Systematic Review and
Meta-Analysis suggests that the resistance training could
be recommended in the early stage of T2D, especially for
patients with relatively poor glycaemic control.* However,
there is no agreement on detailed duration, dosage and re-
sistance exercise programs.!

The positive effect of exercise on blood glucose level and
diabetes treatment has been demonstrated in many stud-
ies over the years.” However, in the last five years, only a
few papers dealt with this issue. Russell et al. (2017) study
showed that resistance training improves glycaemic control
(fasting blood glucose, HbAlc, and glucose area under the
curve).” The significant differences between the resistance
exercise group and the control group in the reduction of glu-
cose level (22.21%A vs. 7.99%A, respectively; P < 0.05) was
found by AminiLari et al. (2017).” Moreover, improvements
in glycaemic control and glucose homeostasisin type 2 dia-
betic patients were also reported by Hameed et al. (2012),
Mavros et al. (2013), and Hsieh et al (2016) studies.?-*°

4.2 Aerobic exercise

Aerobic type of training involving large muscle groups with
low and middle intensity can be performed safely by dia-
betic patients. Aerobic exercises such as running, walking,
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cycling, swimming, and rowing, are typically included in
this category of training.'®3! International diabetes societies
recommended 150 minutes of aerobic exercise spread over
a minimum of three days per week with moderate intensity
(40%-59% of heart rate reserve, 64%—76% of the maximum
heart rate) with no more than two consecutive days without
exercise.’® American Diabetes Association recommended
for adults with T2D regular aerobic activities that last at
least 10 minutes, with the goal of 30 min/day or more, most
days of the week.?

Van Dijk et al. (2013) study reported the effectiveness
of aerobic-endurance exercises in improving glycaemic con-
trol. A single bout of moderate-intensity exercise lowered
average blood glucose concentrations by 0.9 mmol/L and
reduced glycaemic variability (0.7 to 1.2; P < 0.05).3 More-
over, the single 45-minutes bout of moderate-intensity exer-
cise (6 METS) reduced the glycaemic response to breakfast,
lunch, and dinner (P < 0.05 for all postprandial periods).*
Nygaard et al. (2017) showed significant decrease of the gly-
caemic variability after aerobic postprandial exercises com-
pared to the control day (1.22 = 0.49 mmol/L vs. 1.58 =
0.52 mmol/L, respectively; P < 0.05). They also observed
decrease in the mean of the 10 highest glucose values meas-
ured after exercises in each individual (8.6 = 1.9 mmol/L).>*
The positive effect of aerobic exercise on glycaemic control
has been demonstrated also by Aminil.ari et al. (2017). The
study protocol has consisted of 3 sessions per week for 12
weeks (25 minutes exercise in order to achieve 50%—-55% of
maximum heart rate). In this study, the reduction of glucose
level was observed in comparison to controls (24.58%A vs.
7.99%A, respectively; P < 0.05).7

The differences between resistance and aerobic exercises
were analyzed several times in the literature. Although nu-
merous studies reported statistical significance differences
in diabetic control measures between resistance and aerobic
exercise training programmes, there is no evidence that they
are of clinical importance.?

4.3 Combined aerobic and resistance exercise

Both resistance and aerobic training have a positive thera-
peutic effect in the treatment and control of T2D. However,
the combination of both types of training seems to have a
greater impact on glycaemic control than both types of ex-
ercise alone.!?%%

Kang et al. (2016) study confirms the effectiveness of
combined exercise in the insulin resistance improvement
and blood glucose control enhancing. The 12 weeks com-
bined aerobic and resistance training programme reduced
significantly fasting blood glucose concentration (Pre: 139.5
+ 12.3 mg/dL, Post: 132.9 + 11.6 mg/dL; P < 0.001).>* The
study Liu et al. (2015) evaluated the difference between
combined aerobic/resistance exercises and conventional
treatment during 12 weeks. The authors observed the re-
duction of postprandial blood glucose level after combined
training in comparison to the conventional therapy group
(9.00 = 1.91 mmol/L vs. 7.30 = 0.98 mmol/L, respectively;
P < 0.01).” Moreover, Tan et al. (2012) showed significant

reduction of the fasting blood glucose concentration after 6
months of combined intervention in comparison to controls
(6.19 = 1.47 mmol/L vs. 6.69 = 1.73 mmol/L, respectively;
P < 0.05).® Similar results were obtained by AminiLari et
al. (2017), Yalamanchi et al. (2016), Adeniyi et al. (2013), and
Jorge et al. (2011).27:3¥#

4.4 High-intensity exercise

High-intensity interval training (HIT) is an increasingly
popular form of time-efficient exercises program, consisting
brief bursts of very vigorous exercise (290% VO, _ ) sepa-
rated by brief recovery periods.# Although the large group
of studies has demonstrated the ability of HIT to produce
large gains in both aerobic and anaerobic exercise ability
in rehabilitation, only several studies described this type of
effort in the management of diabetes.** Moreover, accord-
ing to Position Statement of the American Diabetes Asso-
ciation, those diabetic patients, who wish to perform HIT,
should be clinically stable, have been participating at least
in regular moderate-intensity exercise, and should be super-
vised during the first stage of exercise.?

Lee et al. (2015) finding indicate that the 12 week high-
intensity exercise program (n = 10; 3 trainings per week at
not less than 80% heart rate reserve) resulted in more posi-
tive changes in glycemic control (fasting glucose, C-peptide,
homeostasis model assessment 2 of insulin resistance; P <
0.05) in type 2 diabetic patients than the typical low-intensity
exercise training (n = 10; 6 trainings per week at not more
than 40% heart rate reserve).* Gillen et al. (2012) study re-
ported, that HIT reduced hyperglycaemia above 10 mmol/L
(HIT: 4.5 = 4.4 mmol/L vs. CTL: 15.2 = 12.3 mmol/L, P
= 0.04) and postprandial hyperglycaemia (HIT: 728 * 331
mmol/L ¢ 9hvs. CTL: 1142 + 556 mmol/L * 9 h, P = 0.01).
The study protocol consisted of 10 X 60 s cycling efforts at
~90% maximal heart rate, interspersed with 60 s rest and in-
volved a small number of diabetic patients (n = 7) in a short
continuous glucose monitoring system monitoring period
(24 hours)."* The similar protocol used by Little et al. (2011),
which examined the effects of 2 week HIT on glucose regu-
lation showed the reduction of average 24-hours blood glu-
cose concentration after training (7.6 + 1.0 mmol/L vs. 6.6
+ 0.7 mmol/L; P < 0.05). However, the study only reported
on eight participants.” Thus, lack of studies and small study
groups in existing research do not allow assessing the effects
of high-intensity exercise on blood glucose levels and the ef-
fectiveness of this method in the management of diabetes. In
addition, the high prevalence of co-morbid illness (hyperten-
sion, cardiovascular disease) in diabetes can also be a con-
traindication to exercise an intensity of 90% maximal heart
rate.” Hence, perhaps this type of exercise is not included in
the recommendations of diabetic associations.

5. CONCLUSIONS

1. Both resistance, aerobic, and combined exercises have
benefits in glycaemic control for type 2 diabetic patients.
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The type of exercise chosen to the treatment of diabetes
should be matched according to the individual clinical
profile of the patient.

Further studies are needed to assess the effects of high-
intensity exercises on blood glucose levels in T2D.
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ABSTRACT

Introduction: Stretching constitutes an important element of therapeutic
management in numerous disciplines, starting from neurology to motor training
and orthodontic practice. Different models and approaches that apply stretching
use their own terminology, and yet they are based on similar assumptions and
purposes.

Aim: The aim of this study was to establish scientific fundamentals of using
different forms of stretching, and to determine areas of its effective application.

Material and methods: Medline searches were conducted in context of
stretching, hold-relax technique, athletic injury prevention and physiotherapy.

Results and discussion: Although stretching is widely recognized as an
effective method of working with muscle restrictions, there are many studies that
undermine its impact on the muscle length, especially in short-term observation.
Similar limitations are noted with regard to its application in patients with neu-
rological paresis, or as an element of warm-up before sports activity.

Conclusions: Stretching is an effective tool in working with myofascial pain
syndromes; however, its actual influence on the condition of muscles and fascia
remains unclear.
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1. INTRODUCTION

Muscle stretching is highly recommended by a wide range
of specialists working with the movement sstem, including
various sports disciplines trainers, physiotherapists helping
patients with pain and mobility limitations. Based on dif-
ferent explanations, they introduce elements of the therapy
aimed at reducing muscle tone or increasing muscle length.
Scholars have also been searching for an optimal model af-
fecting body structures so as to permanently increase mobil-
ity. Research findings are sometimes astonishing, especially
those questioning the impact of stretching on changes in
muscle morphology, and reducing the effect of ‘muscle is
extending’ only to changes within the nervous system. Ac-
cording to the sensory theory, the actual muscle length stays
the same, and the observed therapy result is only a change
in a subjectively sensed level of muscle stretching achieved
through increasing the tolerance to stretch.! Another in-
teresting research finding is a negative influence of muscle
stretching on its kinetic properties, especially on the peak
strength moment and explosive force. Even though this ef-
fect, known by researchers as the stretch-induced strength
loss, concerns only certain forms of stretching, it makes us
ponder the real, clinical value of stretching exercises.

2. AIM

The aim of this study was to establish scientific fundamen-
tals of using different forms of stretching, and to determine
areas of its effective application.

3. MATERIAL AND METHODS

Medline searches were conducted in context of stretching,
hold-relax technique, athletic injury prevention and physi-
otherapy.

4. RESULTS

Currently used types of stretching methods may be divided

into three groups:

(1) Static stretching (SS) which involves holding a muscle
in a position of preserving the distance between its ori-
gin and insertion. The duration varies and ranges from
short 15-30 s sessions repeated 2—4 times a day even to
40-minute interventions.

(2) Dynamic stretching (DS) involves actively and repeat-
edly moving a limb in the full range of motion.

(3) The majority of techniques derive from the proprioceptive
neuromuscular facilitation concept (PNF). Their common
characteristic feature is a submaximal isometric contraction,
which lasts for several seconds and is followed by a passively
performed stretch. The most common of those techniques is
hold-relax (HR) and muscle energy technique (MET).

4.1. Stretching efficacy in improving the range
of movement (ROM)

Effects of stretching need to be considered in terms of acute
changes occurring immediately after workout, and in terms
of permanent plastic adaptations. Acute changes result from
the viscoelastic properties of muscles, which, while under
pressure, are able to change their length temporarily, only
to return to their primary length once the stimulus ceases
to affect them. The effects in the form of an increase in pas-
sive and active range of mobility achieved immediately af-
ter stretching are undisputed and concern all the types of
stretching: static, dynamic, and stretching with initial ten-
sion. A comparative study of the PNF and SS applications
demonstrated no difference between those two stretching
types when it comes to improving the hamstrings flexibil-
ity."3 In order to achieve long-lasting effects, it was essential
to ensure adequate duration of a stretching stimulus. In a
study where the stimulation was performed 4 X 30 s, the
achieved increase in the range of movement (ROM) subsid-
ed after 10 minutes. It was only after prolonging this time to
4 minutes or 8 minutes that the effect could be preserved for
10 minutes and 30 minutes respectively at the level of 50%
of the reduction occurring immediately after the workout.*
Long-lasting effects after many weeks of workout also attest
to the effectiveness of different forms of stretching. A study
comparing two forms of stretching hamstring muscles for
6 weeks, namely PNF and passive stretching, proved to be
effective in improving the range of motion.’> All the forms of
workout proved to be equally effective in a study including
117 people after the knee replacement procedure, where 2
weeks of intervention with the SS, DS, and PNF methods
brought the improvement of the 20-degree angle.® A slight
advantage of the SS method was observed in a 4-week train-
ing carried out with the exceptionally low intensity of 3
X 30 s per week. After 2 weeks of using PNE SS and self-
stretching all the study subjects had similar results, but after
finishing the training only static stretching brought a sta-
tistically significant result, while the other methods proved
ineffective.’

However the results obtained in this area do not allow
us to draw definite conclusions. Some researchers claim
that the observed improvement of mobility after stretch-
ing workout does not result from the muscle rebuilding,
but from increased stretch tolerance, that is, from sensory
adaptation.! The outcome of a 4-week stretching regime
conducted in a group of 14 healthy volunteers demonstrated
a significant improvement in the subjectively sensed mo-
bility even though there were no changes in flexibility of
the stretched muscles.” Also workout of muscle stretching
performed for 30 minutes daily over 6 weeks by 60 young
volunteers did not change elasticity of the examined mus-
cles, although stretch tolerance improved, with the effect
of mobility increasing by 10° on average.!° No alteration in
the stretched muscles flexibility was observed in many other
studies, which seems to confirm the hypothesis of the sen-
sory conditioning of mobility changes.®!"!?
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4.2. The influence of muscle stretching techni-
ques on biomechanics

The majority of recently published reports support the the-
sis that stretching workout has a negative influence on mus-
cular activity. This negative effect, known in literature as
stretch-induced strength loss (SISL), concerns mainly the
impact of pre-exercise SS and PNE In people undergoing
static stretching, researchers have noted a considerable loss
of muscle strength (22% on average) and explosive force,
as well as impaired quality of performance regarding many
functions, e.g. vertical jump (mean reduction by 3%—4%),
sprint (mean reduction by 2.4%), or bench press lying face
up.!® This effect is transient in character and subsides with
time. After 3 minutes of stretching, complete elimination
of SISL in the lower leg muscles occurred only after 30
minutes, although in a study by Power et al. the quadri-
ceps femoris strength loss (by 9.5%) and the decrease in the
level of its activation (5.4%) persisted even after 2 h follow-
ing stretching.’* It has been observed that stretching exerts
a particularly adverse effect when it lasts over 60 s, while
shorter sessions, below 45 s and 30 s, do not cause such sig-
nificant changes in muscular work.!* Intense stretching,
especially at the end range of physiological mobility, near
the point of discomfort (POD), leads to a greater SISL ef-
fect than less intensive activity. According to a study by
Young et al., reducing the intensity of 2-minute stretching
to 90% of POD eliminates its negative impact on a vertical
jump result.”” PNF training has a comparably negative in-
fluence on kinetic parameters and function. When applied
immediately before the main workout, it adversely affects
the forms of activity that requires maximum intensity per-
formance, namely sprint, weight lifting or vertical jump. A
study by Bradley compares and contrasts the effects of SS
and PNF on vertical jump performance. The author noted
the result deterioration by 4.1% and 5.0%, but this effect
subsided completely 15 minutes after the intervention.!®
Yet another study by Marek demonstrates a negative impact
of PNF on muscular strength and power.'” A good alterna-
tive to static stretching and PNF is dynamic stretching.!
Research comparing the influence of SS and DS on vertical
jump, conducted in a group of 11 athletes, demonstrated the
occurrence of the SISL effect only in the SS group, whereas
the DS group presented improvement in the jump results.?
Similar findings were observed when testing balance, the
upper limb pace, and agility, where negative influence typi-
cal of SS application did not occur after dynamic stretching;
on the contrary, improvement was noted in the results con-
cerning the areas observed.?

4.3. Application of stretching in physiotherapy

A common indication for stretching is prevention of con-
tractures and muscle shortening. This is the case when
immobilization or dysfunction may lead to restrictions
of mobility, and also when patients are at risk of muscle
shortening resulting from paresis. The key to understand-
ing muscle length changes as an adaptive process seems to
lie in muscular activity in the course of immobilization.?

Animal testing has provided a chance of comparing the
effects of passive stretching and passive stretching with
contraction on the soleus muscle length after the Achilles
tendonectomy. Passively stretching the muscle for 20 min-
utes daily, under anaesthesia, did not have any impact on
reducing the number of sarcomeres. It was only after ap-
plying muscular contractions simultaneously with passive
stretching that the loss of sarcomeres in the sequence was
prevented. Negative results were also obtained when exam-
ining the influence of passive stretching on denervated or
anaesthetized muscles, which indicates that the method is
ineffective as prevention of muscular contractures.’”? The
outcome of work with patients having contractures after the
spinal cord lesion is equally dissatisfying. The analysis of 24
studies on effectiveness of contracture prevention revealed
lack of clinical impact of stretching on patients after spi-
nal injuries both in terms of shortterm effects (first degree
improvement) and longterm effects (no improvement).?* In
fact, these conclusions are similar to the inferences in this
scope of work with neurological patients in general. Accord-
ing to Katalinic et al. there is no possibility of effectively
preventing contractures by means of regular stretching, and
a different form of therapy is needed.” When the course of
therapy is aimed at preventing contractures and restoring
normal mobility in orthopaedic patients considerably better
results are achieved. Stretching is a confirmed method of
restoring normal ROM in patients after knee replacement.
Two weeks of training may increase the range of movement
by 19.9%-25.3%, depending on the method used.®

Another group of patients includes those with pain as
the main therapeutic problem. Possibilities of working with
those individuals are confirmed in a study by Levit and
Simons, who achieved immediate improvement in 94% of
patients through the application of postisometric relaxa-
tion.?® A significant improvement caused by stretching was
also noted in a 12-month observation of patients with neck
pain. The effect was similar after applying only stretching
and stretching combined with muscle strengthening,”” even
though it is usually more effective to apply stretching with
strengthening, a phenomenon revealed by researchers from
Cochrane in 2015.2 Patients suffering from low back pain
(LBP) may also be significantly relieved after stretching.
The result is comparable to the effectiveness of yoga and
concerns 51% of the individuals subject to observation over
26 weeks, in whom the mitigation of symptoms was signifi-
cant or complete.? DS when combined with spine stabili-
zation is recommended to regain optimal elasticity and to
minimize the risk of irreversible structural changes and oc-
currence of LBP3¢

4.4. Influence of stretching on athletic injury
prevention

Since the 1980s it has been widely accepted that muscle
stretching reduces the risk of sports injuries. That is why
different forms of stretching are commonly applied as an el-
ement of preparation for workout. However, up-to-date re-
ports show that this approach is not scientifically proven, and
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may sometimes even lead to the opposite effect, increasing
the risk of injuries.* The majority of recent studies, as well as
systematic reviews repeated over the last years, question the
influence of stretching on the incidence of injuries.?* The
ranking of 5 exercises most commonly applied in the frame-
work of injury prevention in football does not include any
form of stretching, and instead enumerates eccentric train-
ing, training of balance, proprioception, global stability and
the gluteus maximus activation. This opinion appears to
have been shared by sports physicians during the 2014 FIFA
final; in their view the most common injury risk factors in-
cluded a previous injury, fatigue, muscular imbalances and
poor physical capacity. Stretching was not regarded as a com-
monly recommended training method.*® It is thus possible
to assume that stretching in sports, especially professional
sports, is becoming less trendy, although its influence on in-
jury incidence, especially within ligaments and muscle-ten-
don units, should be taken into account and analysed in fur-
ther research. In a study comprising 1538 American recruits
the incidence of injuries was significantly lower in a group
practicing stretching than in the control group, and muscle
tears were noted 5 times less frequently.®” Similar results were
achieved by Hadala after introducing stretching to the train-
ing of America’s Cup regatta participants.

5. DISCUSSION

Diversity of potential techniques and the intuitively felt
need to stretch out suggest that this activity should be effec-
tive and that it is worthwhile to stretch muscles. And yet the
material discussed above undermines, at least partially, reli-
ability of this approach. The most surprising part is the fact
that the very effect of stretching on the actual tissue length
remains unclear. The sensory theory put forward by Mag-
nusson and later on confirmed by other researchers reduces
stretching exclusively to the process of modifying stretch
tolerance, which abolishes the basic assumption of muscle
stretching as a plastic process with a permanent effect.®!%:12
Although some studies demonstrate different results, the
discrepancies in the findings do not allow us to unanimous-
ly determine whether we are able to stretch muscles, or just
increase our resistance to stretching stimuli.

The effectiveness of stretching in athletic injury preven-
tion is lower than commonly expected. Numerous studies
conducted over the years, particularly systematic reviews,
indicate that there is almost no relationship between flex-
ibility improved through stretching and a decrease in the
incidence of injuries.?>*

The findings of the research concerning effects of
stretching on contracture formation and prevention in
neurological patients clearly and undoubtedly demonstrate
ineffectiveness of this form of therapy, which, therefore,
should not be applied.?*

The effectiveness of stretching in the field of physio-
therapy is unquestionable. The ROM alteration, no matter
if sensed subjectively, involving an increase in tolerance to

stretch, or existing in reality, is well documented and refers
to all the therapy types to a very similar extent. Both static
and dynamic techniques, as well as those with initial con-
traction have proved to be effective tools in counteracting
contracture formation and in restoring the normal range
of movement.*>* Although the negative effect that SS and
PNF techniques exert on certain biomechanical parameters
(SISL) may be of concern, replacing them with DS elimi-
nates this effect, preserving beneficial results of work on
mobility.'* Dynamic stretching positively affects ROM,
balance, agility, vertical jump and strength.!$-2

The application of stretching techniques in pain man-
agement has strong scientific basis. The pioneer study by
Levit and Simons, demonstrates enormous (90%) efficiency
of this course of treatment.?® Various stretching techniques
have proved to be effective in treating impingement syn-
drome in the shoulder joint, neck pain and LBP.?*** Those
findings and similar results of other studies in the area of
orthopaedic physiotherapy give us hope that correctly ap-
plied stretching adjusted to a particular dysfunction may ef-
fectively help patients with pain.

6. CONCLUSIONS

(1) Stretching is an effective method in relieving pain in
many musculoskeletal dysfunctions

(2) The effectiveness of stretching in athletic injury preven-
tion is lower than commonly expected.

(3) Stretching should not be recommended as a contracture
prevention method applied to neurological patients.

(4) PNF and SS forms of stretching should not be per-
formed prior to exercise due to their negative influence
on biomechanics.

(5) Stretching is an effective method of improving ROM,
though some researchers claim its efectiveness is only
due to the modified stretch tolerance of elongated tis-
sues.
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1. INTRODUCTION

Information on multiple sclerosis (MS) in Poland has been
sparse historically. Few studies have been conducted and
the few that have were very localized. The only two of note
were a comparison study conducted between 1965 and 1981
rates! and a very recent study of a single region south of
Warsaw.? The latter was not comprehensive enough to de-
termine associations between MS prevalence and weather
in Poland, and the former may have been faulty based on
a less obvious fact that was highlighted by the latter study:
MS rates were shown to be much lower in men than they
were in women. With a prevalence in the former of 69.7
and in the latter of 159.6 for an average rate of 115.7/100
000. The former study showed a rough average of preva-
lence of 61.11/100 000 in 1965 and 45.08/100 000 in 1981.
This would lead the author of this article to suspect that
the former study was only analyzing the rates of men for
whatever reason. As for the latter study, its prevalence rate
would appear to be more consistent with the weather pat-

terns of Poland and the rates that would be expected under
such weather patterns if a recent study of MS prevalence
and average weather was considered. That study® showed
that MS prevalence rates peaked at 8°C, which is the same
temperature at which the TRPMS8 temperature receptor in
the body is known to have the highest activity. The Brola
et al. study was conducted in the region of éwiqtokrzyskie
where, according to the Norwegian Meteorological Insti-
tute, the average temperature was 7.99°C* at its capital city
of Kielce. This is not very different from the temperature
for peak prevalence and the apparently high prevalence rate
of 115.7/100 000 may reflect that.

In the Wender et al. study of 1985 there was one study lo-
cation that was noted for having a high prevalence rate: That
of Leszno, of which the rate was 96.22/100 000 in 1965 and
130.97/100 000 in 1981. That location had an average tem-
perature of 7.75°C. If those rates were adjusted for possible
gender bias it would give a rate of 158.8/100 000 in 1965 and
217.4/100 000 in 1981. The difference between these two preva-
lence rates was addressed in that study as being due to an in-
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crease in the population of individuals under the age of 25: MS
typically does not show symptoms until at least a person’s late
20s. In addition it was noted that there was an almost equal
number of definite cases between 1965 and 1981: 1302 in 1965
vs. 1244 in 1981. The only major change was in probable cases:
255 in 1965 vs. 64 in 1981. It’s the author’s opinion that this
reflects improvements in diagnostic criteria and education
about MS symptoms rather than any real change in MS cases.
Leszno’s increase was not explained in Wender et al. and may
well be due to an increase in definite cases over probably cases
stemming from better diagnostic methods.

There is the established fact that Poland has many areas
with an average temperature range that is what could be the
danger zone for MS prevalence. The only mitigating factor in
the fact that variation from that average temperature is very
wide compared to the UK, where the low variation from the
peak TRPM? reactivity temperature produces the highest MS
rates in the world of 193/100 000 in the Orkney Islands® and
152/100 000 in the Shetland Islands’ (Table 1). These areas have
an average variation from their average temperatures of 7.83°C
and 7.125°C, respectively, of less than 4°C difference.* In Poland
the variation is 7°C-8°C difference from the average tempera-
tures of the locations of consideration mentioned here. It needs
to be recognized, regardless, that much of Poland appears to
have an average temperature around 8°C, with Gniezno having
an average temperature of 8.21°C and Leszno an average tem-
perature of 7.90°C.* If these locations are indicative of average
temperature in the rest of the country then it is possible that
MS could be much more widespread and serious in Poland that
what is currently accepted.

2. AIM

To determine if Poland’s MS prevalence rate could be esti-
mated based on other location with the same average yearly
temperature range of between 7°C-9°C.

3. MATERIAL AND METHODS

Variation from average yearly temperature was measured by
regression line analysis for locations of MS prevalence with
an average yearly temperature that were specific locations
(not regions) and had an average yearly temperature 7°C-9°C.
The results were considered significant if P < 0.05.

4. RESULTS

Variation away from this average temperature is a significant
factor in the aggravation or mitigation of MS prevalence rates
(Table 1, Figure 1). Regression line analysis of the variation
from the average yearly temperature vs. MS prevalence rate
was significant (P < 0.001).

Table 1. Locations of MS prevalence rates used in this study.

Variation from MS preva-  Average
Location average yearly lence per yearly tem-
temperature 100 000 perature
Leszno, Poland 7.90352338* 130.97! 7.775*
Gniezno, Poland 7.470406261* | 122.83! | 8.216666667*
Shetland Islands, UK 3.21* 1527 7.1254
Gothenburg, Sweden 6.7¢ 9612 7.78*
Kielce, Poland 7.998693075* 115.72 8.31¢
Berne, Switzerland 6.698094483+ 110 8.641666667*
Montrose, UK 4.2478069214 184° 8.525¢
Edinburgh, UK 4.280682472* 1871 8.766666667*
County Donegal, Ireland 3.895092094* 1843 8.158333333+
Orkney Islands, UK 3.378900664* 193¢ 7.833333333*
Aberdeen, UK 4.146438779* 1451 8.1254
Copenhagen, Denmark 6.228818653* 1128 8.24
Gorski Kotar, Croatia 6.793557554° 1245 7.38°
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Figure 1. Average variation from average yearly tempe-
rature plotted vs. MS prevalence rates. The association
was P < 0.0017.

5. DISCUSSION

In regards to the other locations themselves most of these
are located in or near the British Isles,*!* which is noted
for having the highest MS prevalence rates in the world.
Berne, Switzerland!* and the Gorski Kotar region of Croa-
tia’® are noteworthy for having high MS prevalence rates
without possessing the same northern latitude of the other
locations. Both possess their low average yearly tempera-
ture due to their high altitude locations and correspond-
ing mountain weather effects instead of a high northern
latitude.
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6. CONCLUSIONS

Poland’s variation from average temperature is higher than the
other tested locations, which likely mitigates MS prevalence
in this country below those locations. Regardless, Poland’s MS
prevalence could be expected to be above 105/100 000 based on
the resulting trendline for this association.
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