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Neurocysticercosis: Review 
of its Psychiatric manifestations

Hristo Davidov1, Zlatoslav Arabadziev2

1Faculty of Medicine, Medical University of Plovdiv, Bulgaria

2Department of Psychiatry and Medical Psychology, 

Medical University of Plovdiv, Bulgaria

Reviews

РЕЗЮМЕ:

Невроцистицеркозата е  паразитно
заболяване на Централната нервна систе-
ма, причинено от ларвовата форма на
свинската тения, Taenia solium. При цере-
бералната цистицеркоза обикновено има
изява на психиатрична симптоматика. И
двете заболявания могат да бъдат комор-
бидни на други неврологични синдроми,
или да се проявяват самостоятелно. Тези
абнормности са били предмет на широко
мащабни проучвания провеждани от пси-
хиатри и невролози в началото на 20 век,
полагащи основите за по–доброто разби-
ране на органичните психични разстрой-
ства.  

Ключови думи: Taenia solium, невро-
цистицеркоза, клинична картина, психиа-
трична коморбидност

ABSTRACT

Neurocysticercosis is a medical condition of
parasites investing the central nervous sys-
tem. It is caused by the larval form of the pork
tapeworm Taenia solium. Psychiatric distur-
bances are typically present as clinical symp-
toms of cerebral cysticercosis, both in comor-
bidity with other neurological syndromes or as
a dominant feature. These kinds of abnormal-
ities were a subject of extensive studies by
psychiatrists and neurologists at the begin-
ning of the 20th century, providing key pre-
liminary insights into organic mental diseases.

Key words: Taenia solium, neurocysticer-
cosis, clinical manifestations, psychiatric
comorbidity 
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INTRoDuCTIoN

Neurocysticercosis (NCC), a condition cau-
sed by the pork tapeworm T. solium, is the
most common parasitic infection of the CNS
(5). Nevertheless, its natural history hasn’t
been well documented. As regards the epide-
miology of NCC, the disease is widely endemic
in underdeveloped countries in Central and
South America, Asia, and Africa. According to
statistical data, more than 400,000 people in
Latin America (1,11) and 10% of those pre-
senting neurologic signs in developing countri-
es (10) have NCC. NCC accounts for up to 2%
of neurologic and neurosurgical admissions in
southern California (15) and for more than
1000 cases per year in the United States (23).
It mostly affects adults in their 30s or 40s
while the infection is quite uncommon in the
elderly and in children younger than 2 years
owing to the long incubation period of T. soli-
um (19).

LIFE CyCLE oF TAENIA SoLIuM

It takes approximately 2 months for the
larva to evolve into a mature adult tapeworm
at is capable of producing eggs (18). The fully-
grown tapeworm lives in the human small
intestines and consists of a scolex and strobi-
la. The strobila consists of proglottids that
contain approximately 40,000 eggs. T. solium
can shed up to 300,000 eggs daily into the
feces. Afterwards, the eggs are disseminated
into the environment. Free-ranging pigs nor-
mally feed on human feces that are contami-
nated with eggs, which later develop into cys-
ticerci (scolex containing cysts). The ingestion
of undercooked infected pork containing cys-
ticerci, whereby ingestion of T.solium eggs
occurs, and the contact with carriers or conta-
minated food infects humans with NCC.
Ingested eggs hatch in the stomach and the
intestine and the then-formed oncospheres
circulate in the blood and get access to various
tissues. Thus cysticerci often develop in sub-
cutaneous tissue, skeletal muscle, the brain,
the eyes, heart, liver and lungs. Actually,
developing cysticerci cause little host reaction.
Usually only after several years, when cysti-
cerci denigrate, inflammation develops.
Ultimately, the cysts undergo necrosis and
may become calcified. These calcified or dead

cysts are antigenic and upon being recognized
by the host, may induce an inflammatory
reaction (17). The survival of the eggs is
adversely affected by extreme temperature
and desiccation, whereas humidity, tempera-
tures ranging between 10°F and room tempe-
rature favor egg survival. It should be taken
into consideration that wind, water, and birds
help dispersing the eggs (19).

CLASSIFICATIoN AND PRoGNoSIS

NCC is categorized according to the viabili-
ty and location of the parasite in the host CNS.
The classification is divided into active (vesicu-
lar), transitional (inflammatory, degenerating,
or colloidal), granular nodular (healing), and
inactive (calcified) stages (4). Each viability
criterion is further subdivided into extraparen-
chymal and parenchymal. Parenchymal forms
of NCC have good prognosis in terms of
remission of clinical signs (7). On the other
hand, the prognosis for extraparenchymal
forms is unfavorable, especially in patients
with hydrocephalus due to arachnoiditis (7).
The viability criterion allows analysis of the
parasite`s natural history and production of
pathophysiologic changes in the hosts CNS.
This is of prime importance as clinical mani-
festations and therefore therapeutic procedu-
res vary depending on the classification (19). 

DISEASE MANIFESTATIoNS

The presentation of NCC in accordance with
the stage, location, and amount of the
cysts.11 The clinical manifestations develop
upon an inflammatory response around a cys-
ticercus that is degenerating. What triggers
such degeneration hasn’t been established,
but the cyst seems to lose its ability to regu-
late the host immune response. It has been
estimated that peak presentation occurs in 3
to 5 years post infection, but it might take lon-
ger than 30 years. After degenerating, the
cysts become calcified and inactive. At this
stage, they may no longer cause symptoms or
may serve as a core for epileptic activity.
Parenchymal NCC is the most common type of
NCC. As a great number of cysts invade the
brain parenchyma, clinical manifestations
include seizures (focal or generalized), focal
encephalitis, edema, and vasculitis. Any focal
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neurologic deficits are usually transient, with
remissions and relapses. Patients may suffer
from headaches and signs of increased intrac-
ranial pressure in both the parenchymal and
extraparenchymal forms. Patients having ext-
raparenchymal disease usually develop sym-
ptoms of hydrocephalus owing to intraventri-
cular cysts. Subarachnoid cysts may lead to
visual field defects and cranial nerve palsies.
Spinal cord cysticer-cosis is rare. When the
spine is affected, the thoracic region is the
most common location. Spinal cord cysticer-
cosis can in turn lead to radiculopathy, parest-
hesias, and sphincter disturbances. Cysticerci
may also develop in the eyes, heart, muscle,
or subcutaneous tissue. Ocular cysticercosis is
usually asymptomatic. Chorioretinitis, retinal
detachment, or vasculitis may result in inflam-
mation that occurs around degenerating cys-
ticerci. When the heart is affected, conduction
defects and arrhythmias may ensue.
Subcutaneous tissue and muscle involvement
will result in subcutaneous nodules and myo-
pathy (19).

PREVALENCE oF PSyChIATRIC 
DISoRDERS

Most of the psychiatric knowledge on NCC
has been gathered from studies carried out in
mental institutions in the late 1800s and the
early 1900s. These sources have provided us
with detailed descriptive accountss of the pati-
ents’ psychopathology. In many cases it would
mimic major psychiatric syndromes such as
schizophrenia and bipolar disorder (12,13,
24). 

The occurence of NCC was presumed to be
high in psychiatric institutions not only due to
a causal relationship between the two medical
conditions, but also because patients with
severe forms of psychosis and dementia were
prone to become secondarily infected as a
consequence of poor hygiene and copropha-
gia.A number of psychiatric syndromes have
been so far attributed to NCC. In early papers
of classic research on this subject, one can
come across accounts that are indistinguis-
hable from dementia praecox, paranoia,
neurosyphilis, Korsakoff’s psychosis and
dementia (22,27). Chronic delusions and hal-
lucinations, as well as mood variations compa-
tible with the diagnoses of major depressive

disorder and bipolar disorder were also repor-
ted (2,21). As the etiology of these cases was
seldom established in life, clinical findings
were retrospectively correlated to neuropat-
hological observations of signs of the parasitic
infection. Leukart (1886), for instance, sug-
gested that cysticerci that are located in the
ventricles and basal ganglia were more liable
to induce mental abnormalities than cortical
lesions (14). In the majority of these cases,
neuropsychiatric findings were compatible
with major cognitive impairments such as
delirium and dementia (14, 24).

In Europe, further interest in NCC was rai-
sed after the evaluation of cysticercosis in 450
British ex-servicemen who had acquired the
disease during military placements in pre-
1947 colonial India (6). 39 of these patients
(8.7%) manifested mental disorders as a pro-
minent feature – there were cases of organic
deterioration, affective disorders and schi-
zophrenia. Excluding the former cases of une-
quivocal organic mental disease, medical
records showed divergence on the etiological
relationship between the psychiatric condition
and cysticercosis. 

Clinicians from Brazil, Chile, Mexico, China
and other countries where prevalence of the
disease was high have also made important
contributions to this field of scientific knowled-
ge.

In a cross-sectional study of 38 cases at a
neurology outpatient clinic in Brazil, depressi-
on was the commonest psychiatric manifesta-
tion, as shown by the Present State
Examination and the Schedule for Affective
Disorders and Schizophrenia – Lifetime
Version semi-structured interviews (9,25,28).
Signs of psychosis were observed in five pati-
ents although none had a clear-cut schizoph-
renic or bipolar presentation. Only 13 patients
(34.2%) were classified as mentally healthy
by the aforementioned psychometric met-
hods. Thirty-two patients were assessed by
the Mini-Mental State Examination and the
Strub and Black’s Mental Status Examination
(8,26), whereby neuropsychological dysfun-
ction was identified in the majority of the
cases (87.5%). Yet, severe cognitive abnor-
malities were less frequent (15.6%) (9, 24).
Attention deficits were detected in all the pati-
ents assessed, which has probably been influ-
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enced by the effect of antiepileptic drugs(car-
bamazepine and barbiturates). 59.4% had
mild to moderate and 40.6% manifested
severe attention disturbance. Memory and
language were affected in 78% of the patients
and higher cognitive functions were impacted
in 87.5%.Other deficits included disorders of
praxis and motor functions (50%). Reading
and writing skills were not so commonly
impacted (28% and 0.6% of patients, respec-
tively). There was no clear pattern of localiza-
tion for the neuropsychological dysfunction in
the patients. Despite the clinical heterogeneity
of the test group, there was only a mild corre-
lation between the manifestation of depressi-
on and laboratory signs of active disease
(defined by the presence of parenchymal
cysts, not just calcifications , as shown by
computed tomography(CT) and magnetic
resonance imaging(MRI) scans, and/or
inflammatory cerebrospinalfluid (CSF)) (P =
0.04), and modest correlation with the occur-
rence of intracranial hypertension (P = 0.1).
Psychosis also possibly correlated with intrac-
ranial hypertension (P =0.06) but not with
disease activity (P = 0.5). No association was
found between the psychiatric manifestations
and the occurrence of epilepsy (P = 0.63),
even when the epidemiological group of active
epilepsy 29 was considered (P =0.72), nor
with the current use of steroids (P =1).
Previous history of depressive episodes swas
strongly associated with current depression (P
= 0.006) and psychosis (P = 0.04) (9).These
findings come in accordance with several
other studies that have addressed the etiology
of organic mood disorders. Family history of
depression and history of depression before

the onset of the organic disease are regarded
as risk factors for developing depression in
patients with cerebrovascular disease and
multiple sclerosis due to greater biological vul-
nerability (3,20). Disease activity, i.e. diffuse
or localized central nervoussystem inflamma-
tion, is temporally related to organic mood
disorders, as shown in other medical and
neurological conditions like systemic lupus
erythematosus and multiple sclerosis (16,
24).

CoNCLuSIoNS

The assessed mental abnormalities and
cognitive dysfunctions in respectively 65.8%
and 87.5%, of a cross-section of neurological
outpatients with NCC presents an estimate of
the high prevalence of psychiatric morbidity in
the given setting. Samples of psychiatric inpa-
tients might assist with a different profile of
psychiatric findings of more severe or even
specific forms of mental diseases. That is
thanks to psychiatric surveys based on pati-
ents from mental institutions in the first half of
the 20th century reporting up to 75% of seve-
re mental diseases in association with cysti-
cercosis. Such a high rate might be accounted
for by a long period of the untreated underly-
ing organic disease, since many of the afore-
mentioned patients had previous history of
neurological syndromes prior to psychiatric
admission, as written in their medical records.
It is possible therefore that mental disease
represents one of the consequences of a dete-
riorating organic illness, in the setting of no
effective therapeutic strategies for the parasi-
tic infection at that time.
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малигнени неоплазми
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Multiple primary
malignant neoplasms

Raycheva G., Grudeva-Popova Zh., Popov V., Vlajkova M., Valcheva M.
Мedical University, Faculty of Medicine – Plovdiv

Department of Clinical Oncology 

University Hospital „Sv. Georgi” – Plovdiv

РЕЗЮМЕ:

В последното десетилетие честотата на
пациентите с множествени първични
малигнени заболявания нарастна значи-
телно както поради подобрените диагнос-
тични възможности, така и поради удълже-
ната преживяемост. Подобен случай е опи-
сан за първи път от Whipham (1878) при
пациент с левкемия и карцином на пан-
креаса. Billroth (1889) формулира първите
три критерия, характеризиращи подобни
тумори: всеки тумор е с различен хистоло-
гичен произход; имат различна локализа-
ция (добре диференцирани макро, -мик-
роскопски); всяка лезия има свои метас-
тази. Warren and Gates(1932) предлагат
актуални критерии: всеки тумор трябва да
бъде злокачествен; да бъде категорично
различен от другия; възможността единият
да бъде метастатична лезия на другия се
изключва. Огромното разнообразие и въз-
можности за комбиниране на тези тумори
прави невъзможно създаването на една

ABSTRACT

In recent years, the incidence of patients
with multiple primary malignant tumors has
increased considerably - due to the increased
diagnostic capacity and prolonged survival of
these patients. For the first time, such a case
described by Whipham (1878) of a patient
with leukemia and pancreatic carcinoma. First
Billroth (1889) formulates three primary crite-
ria for distinguishing these tumors: each
tumor must have a different histological
appearance; the tumors must arise in various
locations (i.e., clearly differentiated macro-
and microscopically); each lesion must pro-
duce its metastasis. Warren and Gates (1932)
offered broader criteria: each of the tumors
has a clear picture of malignancy; each must
be distinct; the possibility of one being a
metastatic lesion of the other must be exclud-
ed. The huge diversity and countless possibil-
ities for combinations of these tumors make it
impossible to structure them into a single
classification. That is why we divide them into
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класификация. Ето защо те са разделят в
две групи: синхронни (две или повече
неоплазми се развиват едновременно в
период до 6 месеца) и метахронни (втори-
ят карцином се появява повече от 6 месеца
след първия). Според статистическите
данни 5-годишната онкологична прежи-
вяемост е нарастнала до 60%. Данните
показват, че броят пациенти с множестве-
ни първични малигнени заболявания ще
нараства.

Kлючови думи: синхронни неоплазми,
метахронни неоплазми 

two groups: synchronous (two or more neo-
plasias develop simultaneously within a period
of up to 6 months  and metachronous (the
second carcinoma develops after 6 months
compared to the first). By statistical data, 5-
year oncology survival rate increased to 60%.
Data show that the number of patients with
multiple primary malignant neoplasias will
increase. 

Key words: synchronous neoplasms,
metachronous neoplasms 

INTRoDuCTIoN

In recent years, the incidence of patients
with multiple primary malignant tumors has
increased considerably - due to the increased
diagnostic capacity and prolonged survival of
these patients. Patients survived a malignancy
have a 20% higher risk of developing a second
primary neoplasia in the same or another organ
compared to the general population.
Publications in this area were recognized since
the late nineteenth century.

In 1888 Fenger [5] published the first report
on synchronous colorectal carcinomas. Later,  in
1889 Billroth [1] reported a series of cases of
multiple primary breast carcinomas. Until the
end of the 19th century, there was a lack of inte-
rest in the scientific circles of these isolated
cases of patients with multiple neoplasias. At
the beginning of the 20th century, however, it is
noticeable that not only the incidence of patients
progress but also the number of cases described
in the scientific literature. In 1932, Warren and
Gates [19] summarized 1259 cases from the
worldwide publications. In the following years,
over 10,000 cases have been reported globally.

In the period 1926-1931 Warren [18] and col-
leagues observed cases of autopsy patients with
malignancies,  3.7% of all had multiple primary
lesions. From the period 1932-1943 6.8 % have
been demonstrated with multiple primary malig-
nancies. Hurt and Borders [6] reported 3.3% pri-
mary malignant lesions among surgical patients
at the Mayo Clinic in 1929. In 1937 Stalker [14]
and associates confirm 4.5% of primary malig-
nant neoplasia among surgical interventions in
the same clinic.

It is noteworthy that the number of these
patients has increased significantly over the
years and they are no longer isolated cases.
Due to improved treatment methods, patients
who have overcome a malignant disease live
long enough to have the risk of developing a
second illness.

CRITERIA FoR DIAGNoSIS

At the beginning of the 20th century, it was
wrongly believed that the presence of a malig-
nant neoplasia suppressed the development of
another. Hurt and Broders [6], however, noticed
a trend among 71 cases that the occurrence of
a second neoplasia is more likely to occur in the
same organ or system as the first. Taylor, 1931
reported 18 breast cancer patients who develo-
ped a second malignancy in the genital tract
[15]. A little later, other scientists (Pierce and
Slaughter, Huber) sought an explanation for the
relationship between estrogen-dependent
organs and the occurrence of a second neopla-
sia. However, there is no clear evidence to sup-
port these two hypotheses [13].

All this requires the establishment of clear
criteria for the diagnosis of multiple primary
malignancies. Due to the specificity, variety, and
unpredictability of these neoplasias, it’s hard to
be absolute. Multiple primary malignancies are
two or more tumors that are found in the same
individual at the same time or consecutively
over a given period, i. e. occur synchronously or
metachronically in one or different organs.

First Billroth [1] formulates three primary cri-
teria for distinguishing these tumors: 
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l Each tumor must have a different histological
appearance

l The tumors must arise in various locations
(i.e., clearly differentiated macro- and mic-
roscopically)

l Each lesion must produce its metastasis.
Subsequently, it became apparent that due

to these strict requirements, a low incidence of
multiple primary malignant neoplasias was
reported. This is not real because it is entirely
possible that two carcinomas, independently of
each other, with a similar histological characte-
ristic, occur. In 1932, Warren and Gates [19]
offered broader criteria:
l Each of the tumors has a clear picture of

malignancy
l Each must be distinct
l The possibility of one being a metastatic lesi-

on of the other must be excluded.

CLASSIFICATIoN

The huge diversity and countless possibiliti-
es for combinations of these tumors make it
impossible to structure them into a single clas-
sification. That is why we divide them into two
groups [12]: 
1. Synchronous - when two or more neoplasias

develop simultaneously within a period of
up to 6 months.

2. Metachronous - when the second carcinoma
develops after 6 months compared to the
first. This division is somewhat conditional.
Synchronic tumors are not relevant to the
prognosis if they are diagnosed on time. But
if their presence is missed, they later mani-
fest themselves as the so-called an advan-
ced metachronous tumor at an advanced
stage.
Patients with primary malignancy had a

1.29-fold higher risk of developing a second
malignant tumor with the same localization
(Schoenberg) as compared to the general
population. In general, we distinguish the fol-
lowing risk factors: genetic predisposition,
exposure to environmental carcinogenic fac-
tors, prior therapy for first malignant neoplasia
(chemotherapy, radiotherapy), immunocom-
promised status. Most likely, the etiology of a
second primary malignant tumor is multifacto-

rial (table 1). Other determinants include
improved diagnostic tests, complicated, com-
plex treatment, a presence of screening pro-
grams (for breast cancer, colorectal cancer,
prostate cancer, etc.). 

CASE STuDIES IN DIFFERENT  
CouNTRIES 

The scientific literature has many retros-
pective studies evaluating the incidence of
multiple primary neoplasias. Due to the
advanced diagnostic methods, it ranges from
0.4% to 21% in different countries.

In a 10-year study (1944-1953)  in Mayo
Clinic, USA, involving 37,580 patients, 1,909
cases of histologically verified multiple prima-
ry malignancies were reported, or 5.1%. This
percentage increased after 309 autopsy
cases demonstrating the presence of more
than one tumor left asymptomatic during the
lifetime [9]. A Swedish study of 808 522
oncologists over 30 years confirms 11% of
cases with second primary malignancy
(Table 2). 

SuMMARy

By statistical data, 5-year oncology survi-
val rate increased to 60%. According to the
World Cancer Registry for 2012, there are
14.1 million cancer patients, of which 8.2 mil-
lion have died. The prognosis for 2030 sho-
wed  21.7 million cases of malignancies, of
which 13 million will end fatally. Data show
that the number of patients with multiple pri-
mary malignant neoplasias will increase. This
patient pool is of interest not only because of
the increasing incidence but also because of
the therapeutic challenges, especially when
combining a solid tumor with an on-hemato-
logic disease. In daily clinical practice, these
patients should be individually refined.

CASE STuDIES I
N DIFFERENT  CouNTRIES 

The scientific literature has many retro-
spective studies evaluating the incidence of
multiple primary neoplasias. Due to the
advanced diagnostic methods, it ranges from
0.4% to 21% in different countries.
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Table 1. Epidemiological factors of multiple primary tumors

In a 10-year study (1944-1953)  in Mayo
Clinic, USA, involving 37,580 patients, 1,909
cases of histologically verified multiple primary
malignancies were reported, or 5.1%. This
percentage increased after 309 autopsy cases

demonstrating the presence of more than one
tumor left asymptomatic during the lifetime
[9]. A Swedish study of 808 522 oncologists
over 30 years confirms 11% of cases with sec-
ond primary malignancy (Table 2). 
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Table 2. Incidence of multiple primaries over all cancer sites 
in the literature
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Table 3. Second tumor appearance depending on location 

In a retrospective study in China for the
period 01.2010-12.2013 involving 15,398
cancer patients, reported 0.99% of cases of
multiple primary malignant neoplasias [8].
They report that patients with primary head-
neck and urinary tract malignancies were
most at-risk of developing a second tumor,
50% of them were having no prior radiation
or chemotherapy (Table 3).

Most studies show that male gender is
more affected [8]. Patients with multiple
tumors are older than those with only
tumors - between 50 and 70 years of age.
Most commonly, the combinations reported
in men are the prostate-colorectal carcino-
ma, prostate-lung, prostate-chronic lym-
phocytic leukemia. In women: breast cancer
with contralateral breast cancer or breast

cancer in conjunction with hematological
malignancy (Table 4).

SuMMARy

By statistical data, 5-year oncology survival
rate increased to 60%. According to the World
Cancer Registry for 2012, there are 14.1 million
cancer patients, of which 8.2 million have died.
The prognosis for 2030 showed  21.7 million
cases of malignancies, of which 13 million will end
fatally. Data show that the number of patients
with multiple primary malignant neoplasias will
increase. This patient pool is of interest not only
because of the increasing incidence but also
because of the therapeutic challenges, especially
when combining a solid tumor with an on-hema-
tologic disease. In daily clinical practice, these
patients should be individually refined.
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Тable 4. Common risk factors for multiple primaries in women with breast cancer 
(adapted from Wood et al. 2012)
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Effects of second generation triptans - 
frovatriptan and almotriptan on locomotor

activity in an experimental model of migraine. 
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Medical University Plovdiv, Plovdiv, Bulgaria

2Laboratory of experimental neuropshychopharmacology, 
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РЕЗЮМЕ:

Целта на настоящето проучване е да се
установят ефектите на фроватриптан и
алмотриптан върху локомоторната актив-
ност на мъжки и женски плъхове с модел
на мигрена. Материали и методи: Бяха
използвани бели мъжки и женски плъхове
порода Wistar (12 групи: 6 – мъжки и 6 –
женски, n=8) третирани с : Контрола (физ.
разтвор) субкутанно; Нитроглицерин 10
мг/кг интраперитонеално (НТГ); НТГ +
Фроватриптан 2,5 мг/кг субкутанно; НТГ +
Фроватриптан 5 мг/кг субкутанно; НТГ +
Алмотриптан 3 мг/кг субкутанно; НТГ +
Алмотриптан 6 мг/кг субкутанно. В апарата

ABSTRACT

The aim of this experiment was to evalu-
ate effects of frovatriptan and almotriptan on
locomotion in male and female rats with
experimental model of migraine. Materials
and methods: Male and female Wistar rats
were used (12 groups: 6 – male, 6- female,
n= 8) treated with: Control (saline) s.c;
Nitroglycerin (NTG) 10 mg/kg i.p; NTG +
Frovatriptan 2,5 mg/kg s.c; NTG +
Frovatriptan 5 mg/kg s.c; NTG + Almotriptan
3 mg/kg s.c; NTG + Almotriptan 6 mg/kg s.c.
In Activity Cage apparatus was registered
horizontal and vertical activity of each rat for
5 minutes. The statistic evaluation was done
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INTRoDuCTIoN

Serotonin (5-HT) is very important monoa-
mine neurotransmitter and plays a significant
role in modulating locomotor activity.
Moreover, different subtypes of 5-HT recep-
tors modulate motor functions in rodents,
including 5-HT1A, 5-HT1B, 5-HT1D [5]. 

The key mechanism of frovatriptan and
almotriptan action in migraine is their agonist
activity on 5-HT1B/1D receptors and moderate
affinity to 5-HT1A receptors [3,6].

Different neuronal pathways participate in
the regulation of locomotor activity - glutama-
tergic, noradrenergic, dopaminergic and sero-
toninergic. Most of the receptor subtypes
(including 5-HT1A/B/D) are expressed in moto-
neurons. [9].

The aim of this experiment was to evalua-

te some effects of frovatriptan and almotri-
ptan on locomotion in male and female rats
with experimental model of migraine. 

MATERIALS AND METhoDS

Animals
We used male and female Wistar rats with

initial body weight 200-220g. The rats were
housed in standard laboratory conditions (23-
25°C, 50-55% humidity and 12/2h light/dark
cycle) and fed with standard commercial food
and given water ad libitum. 

Experimental migraine model was induced
via intraperitoneal (i.p.) injections with nitrog-
lycerin 10 mg/kg (NTG). 130 h after NTG admi-
nistration, rats were treated subcutaneously
(s.c.) with triptans. The rats were divided into
twelve groups (6 male and 6 female groups,

„Activity Cage”  се регистрираха броя хори-
зонтални и вертикални движения на всяко
животно еднократно за 5 минути.
Статистическата обработка на данните бе
направена чрез програмата SPSS (17.0).
За всяка група бе изчислено средната ѝ
стойност (mean) и стандартната ѝ грешка
(SEM). Резултати: Женските плъхове тре-
тирани с фроватриптан и в двете дози, ста-
тистически значимо завишиха хоризонтал-
ната активност спрямо групата третирана
само с модел, докато ниската доза фрова-
триптан завиши само вертикалната актив-
ност. Женските плъхове третирани с алмо-
триптан и в двете дози не промениха
цялостната локомоторика. Мъжките групи
плъхове третирани с фроватриптан 2,5
мг/кг достоверно завишиха хоризонтална-
та и вертикална активност спрямо модел-
ната група с нитроглицерин. Групата с
алмотриптан 6 мг/кг значимо занижи хори-
зонталната активност, а вертикалната не
бе променена. Заключение: Нашите
резултати ни позволяват да предположим,
че повишената експлораторна активност
при мъжките плъхове с фроватриптан се
дължи на пресинаптична регулация чрез
5-HT1A, 5-HT1B рецепторите локализира-
ни върху мотоневроните.

Ключови думи: локомоторика, фрова-
триптан, алмотриптан, плъхове, модел на
мигрена

by SPSS (17.0) by calculating mean and SEM
for each group. Results: Female rats treated
with frovatriptan in both doses, significantly
increased the horizontal activity compared to
the group treated only with NTG. The low
dosage of frovatriptan increased only the ver-
tical activity. Female groups of rats treated
with almotriptan in both doses did not show
significant changes in total motor activity.
Male rats injected with low dosage frovatrip-
tan increased significantly horizontal activity
compared to the group treated only with NTG.
Frovatriptan in both doses, applied in male
rats significantly increased the vertical activity
compared to the model group. Male rats
treated with the high dosage almotriptan sig-
nificantly decreased the horizontal activity,
while vertical activity was not changed.
Conclusion: Our results permitted to suggest
that the increased exploring activity in both
rat sexes, treated with frovatriptan is due to
some presynaptic regulation that comes
directly from both 5-HT1A, 5-HT1B receptors,
localized on motoneurons.

Key words: locomotion, frovatriptan,
almotriptan, rats, migraine model
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n=8) as it follows: Control group – treated
with saline 0.1 ml/100g s.c. Second group,
treated only with NTG 10 mg/kg i.p. Third
group, treated with NTG 10 mg/kg i.p and
Frovatriptan 2.5 mg/kg s.c. Fourth group,
treated with NTG 10 mg/kg i.p and
Frovatriptan 5 mg/kg s.c. Fifth group, treated
with NTG 10 mg/kg i.p and Almotriptan 3
mg/kg s.c. and sixth group, treated with NTG
10 mg/kg i.p and Almotriptan 6 mg/kg s.c.

All experiments were carried out according
to the guidelines of laboratory animals in EU-
guidelines/EEC Directive of 1986.

Substances
Sodium chloride solution 0.9% (saline) was

purchased from B.Braun Medical EOOD (Sofia,
Bulgaria). Both triptans were purchased as pure
substances Frovatriptan succinate monohydrate
and Almotriptan malate from Sigma-Aldrich
(USA), and NTG was purchased as Nitronal
solution. (G. Pohl-Boskamp GmbH & Co).

Locomotor activity test 
The original automatic activity cage (Ugo

Basile, Italy) with UV detector for horizontal
and vertical movements was used. The rats
were tested 40 min after the administration
(s.c.) of triptans. Each rat had single test for 5
min. The horizontal and vertical movements
were measured in relative units.

STATISTICAL EVALuATIoN

Data management was performed in SPSS
17.0 statistical software. All observed para-

meters were expressed as mean ± S.E.M for
each group. A value of P<0.05 was considered
representative of a significant difference.

RESuLTS

Female rats with migraine model, i.e. the
groups treated only with NTG, did not show
any significant change in locomotion. The gro-
ups treated with NTG and frovatriptan in both
dosages increased significantly the horizontal
activity (P<0.05), compared to the model
group, while the vertical activity was increa-
sed significantly (P<0.05) from the group
treated with frovatriptan in low dose. In fema-
le groups, rats treated with almotriptan in
both doses did not induce changes in total
locomotion (Figures 1, 2).

On the other hand male rats treated with
experimental model of migraine with NTG 10

mg/kg did not change the locomotion. Only the
group treated with model and frovatriptan 2.5
mg/kg, increased significantly (P<0.05) the hori-
zontal activity compared to model group.
Frovatriptan 5 mg/kg did not show any significant
results. Male rats treated with frovatriptan in both
doses increased significantly (P<0.05) the num-
ber of vertical movements, compared to the
group injected only with NTG. The group treated
with almotriptan 6 mg/kg decreased significantly
(P<0.05) the horizontal activity, while vertical
movements were not changed (Figure 3, 4).

Figure 1. Effects of frovatriptan and almotriptan on horizontal activity in female
rats with migraine model; 

* p<0.05 compared to the model group, treated only with NTG
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DISCuSSIoN

The abundance of 5HT1B/1D receptors in
some subcortical brain regions – caudate
putamen, n. accumbens, hypothalamus and
also in the frontal cortex in mice, rats and gui-
nea pigs, suggests their participation in modu-
lating locomotor activity [10].

Other authors describe the possibility 
5-HT1A, 5-HT1B, 5-HT2A, 5-HT2C and 5-HT3
receptors to regulate dopaminergic activation,
GABA neurons and serotonin projections to
striatum, which in their turn, perform presy-
naptic serotonin regulation on dopamine
release [1].

Our experiments showed that female rats
treated with the NTG migraine model and fro-
vatriptan increased the total locomotion.
Frovatriptan possesses high agonist activity to
5-HT1B receptors (pKi = 8.6). The specific
location of these receptors on GABA neurons
in the ventral tegmentum and their influence
from frovatriptan indirectly leads to increased
dopaminergic transmission in these areas,
respectively, and dopamine levels [11].

The above mentioned suggests that frova-
triptan’s high affinity to 5-HT1B receptor could
influence locomotor activity in male and fema-
le rats. In an experimental study Borycz et al.

Figure 2. Effects of frovatriptan and almotriptan on vertical activity in female rats
with migraine model;

* p<0.05 compared to the model group, treated only with NTG

Figure 3. Effects of frovatriptan and almotriptan on horizontal activity in male rats
with migraine model;

*p<0.05 compared to the model group, treated only with NTG
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(2008) explored 5HT1B/1D receptor agonist
SKF99101H activity and detected hyperloco-
motive activity in guinea pigs, which is anot-
her proof of the participation of 5-HT1B recep-
tors in the motor activity at all [4].
Frovatriptan is a full agonist with moderate
affinity to 5-HT7 receptors (pKi/IC50 =6.7)
[2]. A large number of immunohystochemical
studies prove the location of this receptor in
thalamus, hypothalamus and hippocampus.
All these structures are also proven to be
involved in motor activity in rodents which
gives us the reason to suggest that 5-HT7
receptors do not play a minor role in the exp-
loratory activity in male and female rats [8].

Decreased horizontal activity in male rats
treated with almotriptan 6 mg/kg probably
could be due to almotriptan’s agonist activity
to 5-HT1A receptors (pKi/IC50 =7.4), for
which scientific data describes a possible sup-
pressive role on locomotion in male rats, trea-
ted with NTG migraine model [7].

CoNCLuSIoN

Frovatriptan showed better results in the
„open field” test in both rat sexes, while the
suppressed motor activity in the rats treated
with almotriptan is a consequence of its ago-
nist activity to 5-HT1A receptors.

Figure 4. Effects of frovatriptan and almotriptan on vertical activity in male rats
with migraine model;

*p<0.05 p<0.05 compared to the model group, treated only with NTG
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Сравняване на телесното тегло, BMI, 
нивата на глюкоза, кръвното налягане 
и пулсовата честота на различни 
възрастови групи пациенти включени 
в проекта НИРДИАБО от Пловдив
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РЕЗЮМЕ:

Въведение: Цел на проучването е да се
сравнят различни показатели (тегло, BMI,
кръвна захар, кръвно налягане и пулс) в
няколко възрастови групи от Пловдив и да
се оцени възможния риск от развитие на
диабет тип 2. Метод: В изследването са
включени доброволци с BMI над 25, разде-
лени на 5 възрастови групи: a) 20-29г; б)
30-39г; в) 40-49г; г) 50-59г; д) 60-69г
(n=5-9). Вземането на кръвни проби е
единствената слабо болезнена процедура.
Първите 2 месеца пациентите са на ниско
калорична диета 1200 калории дневно.

ABSTRACT

Introduction: The aim was to compare
the different values in age groups in NIRDIA-
BO project from Plovdiv region and to evalu-
ate the possible risk to develop pre-diabetes.
Method: The volunteers with BMI over 25
were included (male and female), divided in 5
age groups: a) 20-29 years; b) 30-39 years;
c) 40-49 years; d) 50-59 years; e) 60-69
years (n=5-9). The only mild harmful proce-
dure on the patients was taking blood sam-
ples. First 2 months the patients had low
caloric diet 1200 per day. The diet included
low fat, moderate protein and low carbohy-
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Диетата включва ниско съдържание на
мазнини и на въглехидрати, умерено на
белтъци, както и прием на пробиотик.
Резултати: Най-високо телесно тегло се
регистрира в групата 40-49г. В същата
група са и най-високите нива на глюкоза в
кръвта сутрин на гладно. След натоварва-
не с глюкоза същата група показа най-
високи стойности над тези на гладно. Не
установихме големи промени в систолното
и диастолно кръвно налягане или в пулсо-
вата честота при всички групи пациенти.
Заключение: Настоящето изследване е
малък принос към поддържането на подхо-
дящ стил на живот при хора с наднормено
тегло и риск от развитие на пред-диабет и
диабет тип 2 за българската популация,
поради използването на ниско калорична
диета, съчетана с прием на пробиотик и
умерена физическа активност. 

Ключови думи: ниско калорична
диета, пробиотик, предпазване от разви-
тие на диабет тип 2.

drate food and probiotics. Results: The body
weight of the patients showed the higher
value had the group 40-49 years. The higher
mean values of blood glucose early morning
are seen in a group of 40-49 years. After load-
ing with glucose only the same group showed
higher level. We do not register very big
changes in systolic and diastolic blood pres-
sures as well as in heart rate, in all groups of
patients. Conclusion: The present study had
important impact in management of pre-dia-
betic people and prevention from developing
diabetes type 2 in Bulgarian population due to
the usage of probiotics with appropriate low
caloric diet and increasing the everyday phys-
ical activity. 

Key words: low caloric diet, probiotic, pre-
vention of type 2 diabetes.

INTRoDuCTIoN

Diabetes mellitus type 2, also known as
non-insulin dependent diabetes, is among the
most rapidly spread diseases in the world.
This tendency is mainly due to rise of overwe-
ight and obesity in population. Usually people
at first develop the so-called pre-diabetes,
which can be prevented [6]. 

There are several risk factors that predis-
pose the development pre-diabetes. They are
considered the same risk factors as the factors
related to diabetes type 2. 

Weight is one of them and it is measured
mainly by body mass index (BMI). When BMI
is higher than 25, the patients are at high risk
for developing pre-diabetes. Especially if the
patient carry a lot of extra weight in his/her
abdomen, he/she may develop pre-diabetes.
The excess of fat cells can cause the body to
become more insulin resistant [1]. 

The next risk factor is the lack of physical
activity. This often goes hand-by-hand with
being overweight. If a person isn’t physically
active, he/she is more likely to develop pre-
diabetes. The family history should be taken in
mind, because there are also some hereditary
factors. If a patient’s close family member has

(or had) it, he/she is more likely to develop
the disease [7].

Age is also an important risk factor, becau-
se old-aged people are at high risk to develop
pre-diabetes. It was found, that at the age of
45 this risk starts rising, and after the age of
65, the same risk increases exponentially [5].

Other issues like high blood pressure
(hypertension) and high cholesterol level,
(especially the so called “bad” LDL choleste-
rol) could increase very easily the risk of
acquiring diabetes type 2 [4].

The aim of our study was to compare some
values examined in different age groups of
volunteers that took part in the project “NIR-
DIABO”. We have evaluated the possible risk
for each group to develop pre-diabetes. The
volunteers were from the Plovdiv region and
they participated in the first year of the pro-
ject. 

METhoDS

The project aimed to examine the quality of
life and the effects of some non-pharmacolo-
gical interventions on volunteers with obesity
and high BMI. Both male and female volunte-
ers with BMI over 25 were included in this
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study, and were divided in the following gro-
ups: a) 20-29 years of age; b) 30-39 years of
age; c) 40-49 years of age; d) 50-59 years of
age; e) 60-69 years of age. The number of
patients in each age group was relatively
small (n=5-9).

All volunteers have signed a form of con-
sent that they took part in the study. The
Ethical Committee of Medical University
approved the study. The written consent inclu-
des an information who of the included pati-
ents have a risk of developing pre-diabetes or
diabetes type 2. If a patient followed correctly
all the written instructions and kept the neces-
sary diet he/she would have low chance to
develop diabetes type 2. The results would
help the patient to prevent the development
of some cardio-vascular diseases. There
weren’t any harmful procedures on the pati-
ents excluding the weak discomfort when
blood samples were taken. It was possible for
a patient to become hungry, or to suffer from
a weak headache, or to feel cold, but such
reactions usually are weak and diminish easily
in the first weeks. 

We have formed the following including
factors and criteria: 
1. A written and signed consent for taking part

in the study;
2. BMI over 25.
3. To perform a 2 hours of glucose-loading

test for study glucose tolerance.
4. Motivation to take part in the study and fol-

lowing the necessary protocol for it.
Excluding factors and criteria: 

1. Patients with diabetes type 2 diagnose.
2. Chronic diseases requiring medications that

could influence the levels of blood glucose.
3. Taking part in active sport and games.
4. Specific food regimen – as vegans, etc.
5. Psychiatric diseases like anorexia or drug

dependence.
6. Regular intake of alcohol over 21 Units for

men and 15 Units for women per week.
The non-pharmacological interventions of

the study are the following:
1. Two stages of diet performing;
2. Moderate physical activity;
3. Psychological influence.
The first 2 months of the study all the pati-

ents had to run a low caloric diet of 1200 kcal
per day. This diet included 5 times of food

intake during the day, but one of the nourish-
ments had to be replaced with a product con-
taining probiotics. The other nourishments
had low fat, low carbohydrate, moderate pro-
tein containing food. The objective was for 2
months the patients to lose up to 5 % of
weight compared to the basal one. 

We used „TANITA C 300 BC-420 MA body
composition analyzer” apparatus (USA) to
make the following measurements: age, sex,
body weight, BMI. The blood pressure and
pulse frequency were measured on patients’
forearms by Tensoval apparatus (Hartmann,
Germany). To measure waist, hips, tights, we
used a simple soft tailor ruler.

Statistics: all observed values were calcula-
ted and the mean for each group was estima-
ted. Because of the small number of patients
in each age group the statistical significance
was not determined.

RESuLTS

The results included in this study showed
that the age group 40-49 years had a higher
value of body weight. This group is very resis-
tant to reduce body weight, despite the pre-
sence of the diet. Even the fact that patients
had been following the instructions of the
study and maintaining the new low-caloric
diet, they did not decrease weight. There is
not enough data to make a complete compa-
rison of the values for statistically significant
differences, but the tendency is quite clear
(Fig. 1.).

The same tendency, we could see in the
Fig. 2 which illustrates the differences in BMI
for all groups of patients. Again, the middle-
aged group (40-49 years old patients) did not
decrease BMI. 

Patients from different age groups showed
different mean values of blood glucose early in
the morning on empty stomach (Fig. 3). The
highest values are observed in the 40-49
years old patients group. After loading with
glucose only the above mentioned group sho-
wed higher levels of blood glucose compared
to the levels before loading. 

We did not register big changes in systolic
and diastolic blood pressures in all groups of
patients (Tabl. 1). Only for the systolic pre-
ssure we found a slight tendency to decrease
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during the second visit, probably due to the
slight increase in the every day physical acti-
vity, which was reported by the patients and
the low caloric diet, especially in the age group
40-49 years. The heart rate was also not sig-
nificantly changed in all groups.

DISCuSSIoN

Our results permit the suggestion that the
main risk group is the group of 40-49 years of
age. They showed higher body weight, BMI
and level of blood glucose before and after the
glucose loading test. The other groups sho-
wed weak decrease in their body weight and
BMI after 2 months of low caloric diet, having
in mind, that patients from these groups were
keeping a moderate physical activity. This is in
accordance with some clinical studies showing
that lifestyle modification and low caloric diet
are among the favorable factors contributing
to the successful life without complications of
diabetes type 2 for overweight people [1]. The
decreased weight was not so high, but for a
long term period if the patients maintain this
weight or even decrease it, that would be a

big success of the NIRDIABO study. 
Lifestyle modifications, including both heal-

thy eating choices and increased physical acti-
vity, are essential for weight management and
diabetes prevention [2, 8]. Garber [2] found,
that the designed his Program for diabetes
prevention and the modulation of some para-
meters individually for each patient have
shown repeated success and long-term main-
tenance. He made the conclusion that obesity
is rather a metabolic disorder than a personal
weakness. It may work with patients to add-
ress this condition and improve long-term
health outcomes.  In our study during pati-
ent’s visits we talk with them on this matter. 

There is strong, consistent evidence that
the relationship between blood glucose levels
and cardiovascular risk extends the diabetic
range and obesity [7]. The same authors
assumed that obesity and diabetes also
increase the risk of heart failure, independent
of coronary heart disease and hypertension
and may cause cardiomyopathy (a frequent)
and often fatal complications. In our study
only middle age group (40-49 years of age)
showed the tendency for none tolerance to
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glucose loading. This group on our opinion is
at higher risk for developing pre-diabetes and
later on diabetes type 2, if the patients do not
change their life style and do not keep the low
caloric diet and more daily physical activity. 

Some authors [9] found, that the obese
people presented higher blood pressure and
heart rate values at rest, compared to the eut-
rophic ones. They assume that probably such
results may be explained by a reduction in
parasympathetic activity and relative pred-
ominance of sympathetic activity. Wang et al.,
[10] suggest that annual blood pressure mea-
surements are associated with increased sur-
vival and the strategy is to improve measure-
ment frequency in obese patients which sho-

uld be implemented. Our results support such
view. We do not found very bug changes when
we compare the blood pressure and heart rate
during first and second visit, but even slight
decrease in systolic values are important.

CoNCLuSIoN

The present study has important impact in
management of pre-diabetic people and pre-
vention from developing diabetes type 2 in
Bulgarian population. The use of probiotics
with appropriate low caloric diet and increa-
sing the everyday physical activity are the
milestone key for prophylaxis of diabetes type
2 in our country.

Table 1. The values of systolic and diastolic blood pressure as well as heart rate,
measured during the first and the second visits. Mean values for each group.
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РЕЗЮМЕ:

Целта на съвременната противоракова
терапия е да се приложи генетична
информация за тумора, която да ръково-
ди решенията за персонализирано лече-
ние. Този подход се отнася до комплекс-
но лечение на рак, но в момента най-
голямата и най-реалистична употреба е в
химиотерапията, особено целенасочена
терапия. Интег рирането на биологичната
информация за подобряване на радиаци-
онната стратегия и съответно на терапев-
тичния отговор може да се определи като
персонализирана лъчева терапия. За
тази цел са необходими надеждни про-
гнозни биологични маркери, за да се
характеризира индивидуалната ефектив-
на радиационна реакция и възможността
за радиална токсичност. Задачата е труд-
на и създава много въпроси, свързани с
избора на типа радиотерапия, фракцио-
ниращи схеми, комбинирани модалности
и др. Потенциалните маркери за пред-

ABSTRACT

The goal of modern anticancer thera-
py is to apply genetic information about
a tumor to guide decisions on personali-
zed therapy. This approach concerns
complex cancer treatment, but currently
the largest and most realistic use is in
chemotherapy, especially targeted the-
rapy. Integrating biological information
to improve the radiation strategy and
the therapeutic response, respectively,
can be defined as personalized radiation
therapy. For this purpose reliable predic-
tive biological markers are required to
characterize the individual effective
radiation response and the possibility of
radial toxicity. The task is difficult and
creates many issues related to the choi-
ce of type of radiotherapy, fractionation
schemes, combined modalities, etc.
Potential predictive markers should be
discussed as a hypoxia markers, mar-
kers of DNA repair, markers of different
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INTRoDuCTIoN

The goal of modern anticancer therapy is to
apply genetic information about a tumor to
guide decisions on therapy. This personalized
therapy approach is a considerable deviation
from traditional combined-modality therapy,
where surgery, chemotherapy, and radiation
therapy (RT) are integrated in regimens tailo-
red to the site of origin  and stage of the
tumor [1].

Clonal evolution and the „survival of the
nastiest” remain the chief obstacles to curing
cancer. But what if we could find a way to use
the principles of evolution to beat evolving
cancers cells at their own game? Is it possible
to use Darwin;s notebook to outsmart resis-
tance and cancer survival? May be – targeting
the evolutionary trunk… truncal tumor neoan-
tigens could allow scientists to target and
destroy tumors without harming healthy tis-
sues. The heterogeneity will nearly lead to the
failure of therapies that target specific types of
cell.

RADIoThERAPy (RT)

Approximately 60% of all patients with
cancer perceive RT at some point during their
treatment course. The interaction of radiation
and chemotherapy was prominently described
in the 1970s by George Steed, who postulated
four mechanisms by which combined modality
treatment could  improve clinical outcomes
[2]. Patients show an individual response to
the standard RT (fraction of 2 Gy daily for 6-7
weeks). The main guidelines for optimizing
the therapeutic efficacy of radiation therapy
are aimed at improving the physical and tech-
nical parameters - dose and optimization of
the treatment plan.

Chemoradiation is the standart therapy
for the majority of inoperable, locally advan-
ced cancers. While there is a need to improve
chemoradiation efficacy, normal tissue toxicity
limits our ability to give additional chemothe-
rapy or higher doses RT. Thus, there is excite-
ment about the addition of molecularly targe-
ted agents, which tend to be less toxic than
chemotherapy, to chemoradiotion regimens.
Unfortunately, initial empiric attempts have
not been successful. We focus on the evidence
that supports rational combinations of targe-
ted agents with chemoradiation, with an
emphasis on agents that target the DNA
damage response and radiation-induced
membrane signaling.
l Sensiting to chemoradiation by directly tar-

geting the DNA damage response – PI3K /
AKT, MEK, TGF-beta

l Sensiting to chemoradiation by alternative
strategies

l Sensiting to chemoradiation by targeting
radiation-induced membrane signaling –
EGFR, VEGFR
Eliminating chemotherapy by a dual-targe-

ted approach with radiation [3]. 
Studies of stereotactic ablative body RT, in

particular, suggest improved clinical outcome
compared  with those previously seen  with
combination of conventional radiation and
chemotherapy. Although ablative treatments
may continue to gain traction in early-stage
and oligometastatic disease, in which targets
are generally smaller and often better defined,
it is unlikely that further advances in physical
targeting and fractionation alone will result in
marked improvements in survival among pati-
ents with locally advanced disease [4]. 

Relatively fewer efforts of researchers are
focused on including individual patients`s

сказване трябва да бъдат обсъдени
като маркери на хипоксия, маркери за
поправка на ДНК, маркери на различни
отделения на туморна микросреда,
маркери за ангиогенеза и противора-
ков имунитет.

Ключови думи: лъчева терапия,
персонализирана лъчетерапия, пред-
сказващи маркери

compartments of the tumor microenvi-
ronment, angiogenesis markers and anti-
cancer immunity.

Key words: radiation therapy, perso-
nalized radiotherapy, predictive markers
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characteristics in determining the treatment
strategy. There are various radiobiological fac-
tors that contribute alone or in combination
for the tumor response to radiotherapy. These
include a number of stem cells and their irra-
diation, repopulating capacity and reoxygena-
tion in the course of radiation therapy, recove-
ry of radiation tissue damage and tumor
hypoxia. These indicators were researched in
experimental and clinical studies as individual
irradiation factors [5].  

PERSoNALIZED  RADIoThERAPy

Integrating biological information to impro-
ve the radiotherapy strategy and therapeutic
response can be defined as a personalized RT.
To do this, reliable predictive biological mar-
kers are needed which can be used to deter-
mine optimal dose, choice of fractionation
schemes, or combined modalities. Biomarkers
can also be classified according to modality of
assessment , and this has implication for how
particular biomarker might be developed. The
most common types of biomarkers according
to this classification are [6]:
1. Genetic (gene mutation, gene copy num-

ber, translocations) – EGFR, HER2, BCR-abl
2. Genomic ( gene expression profiles) –

Mamma Print
3. Protein (serum protein assays)
4. Proteomic (analysis of serum or tumor)
5. Pathological (immunohistochemistry, histo-

patology)
6. Imaging (PET, Blood Oxygen Level Depend

- fMRI)
7. Other (Circulating Tumor Cells)

The recent progress in this area focusing on
the key stages in the biomarker development
process: discovery, validation, qualification
and implementation [6]. Validation of biomar-
ker involves a systematic evatuation to assure
that the technique used to assay the biomar-
ker is reliable to perform its task. The process
is guided by the established principles of bio-
analytical method validation [7].  

The currently used pretreatment parame-
ters for evaluating and selecting the appropri-
ate treatment plan currently include: histolo-
gicy, stage of differentiation, performance sta-

tus and stage, but tumor associated biological
parameters are not discussed. Typically,
tumors are characterized by heterogeneity,
which may become more pronounced during
the course of complex treatment. The availa-
bility of reliable predictive early response the-
rapies would improve and individualize RT of
the patient. Typically, tumors are characteri-
zed by heterogeneity, which may become
more pronounced during the course of com-
plex treatment. The availability of reliable
predictive early response therapies would
improve and individualize the patient's RT. The
possibilities of individualizing RT schemes sho-
uld be based not only on morphological crite-
ria but also on biological information related to
the tumor. Important indicators at baseline
and during radiation therapy may be hypoxic
status, angiogenesis, metabolic and prolifera-
tive activity, activity of DNA repair systems in
the course of applied radiotherapy. In contrast
to the relatively wide use of a personalized
therapeutic approach in medical oncology, RT
status is more conservative.

1. Individualization of Radiotherapy
based on hypoxia markers

Experimental and clinical data demonstrate
the role of tumor hypoxia for malignant pro-
gression and RT resistance [5,8]. The mecha-
nisms that can explain this association are lis-
ted above: 
l Oxygen effect – three times higher radiation

resistance of cells in conditions of hypoxia
due to cells with normal oxygenize.

l Selection of resistant clones during carcino-
genesis through hypoxic-induced acute and
chronic changes in gene expression.
Identifying hypoxic tumors allows the deve-

lopment of strategies to potentially overcome
the hypoxic condition [5]. For example: increa-
sed oxygen import before / during irradiation,
use of oxygen carriers as radiosensitizers,
direct cytotoxicity by using reductant compo-
unds. Results from clinical trials have shown
that some of these strategies have the poten-
tial to improve the therapeutic response.
However, while the prognostic value of the
various hypoxicity markers is confirmed by a
number of experimental and clinical trials, their
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feasibility as predictive markers for the indivi-
dualization of therapy in hypoxic tumors has
been studied in a small number of studies

Serum protein оsteopontin is associated
with tumor hypoxia with potential mechanism
of negative correlation wich von Hippel-Lindau
(VHL) gene expression [5,8]. VHL regulates
oxygen-dependent uptake and proteolysis of
the hypoxia-inducible transcription factor
(HIF-1a). It activated transcription of genes,
responsible for the adaptive response to hypo-
xia. Hypoxia-induced osteopontin secretion in
vitro and osteopontin plasma levels correlate
with oxygen partial pressure in the tumor in
patients with leukemia and neck cancer. High
levels of osteopontin as a marker for hypoxia
are associated with therapeutic failure after
radiotherapy.

2. Individualization of Radiotherapy
based on markers of DNA repair

RT induces a series of DNA damage more
of which can be recovered from the affected
cell, but the unresolved damage causes cell
death and mutations. Proteins involved in the
repair of DNA damage are considered as a
potential biomarkers for therapeutic response
at RT [8]. One of the most studied markers is
the histone protein gH2AX, which accumulates
in the focus of double-stranded DNA damage
and may affect other DNA proteins [9]. In
patients with hypoxic tumors, a lower residual
gH2AX expression was observed [9,10]. The
use of DNA repair markers is useful in identi-
fying potentially resistant tumors with effecti-
ve DNA repair mechanisms. In these cases,
combining radiation with an inhibitor of DNA
repair mechanisms is an attractive approach
to overcoming radiation resistance. As a sui-
table biomarker, the poly (ADP-ribose)-poly-
merase-1 (PARP) enzyme that protects the
cell from apoptosis is considered. PARP inhibi-
tors block DNA repair and select the tumor
response to radiation in a number of pre-exis-
ting in vivo tumor models. PARP inhibition has
been found to result in increased accumulati-
on of gH2AX focuses in lung tumors. These
data justify accepting that PARP may serve as
a biomarker candidate for the selection of
patients eligible for combined radiation / tar-
get therapy [8,9].

3. Individualization of Radiotherapy
based on markers of different compar-
tments of the Tumor MicroEnvironment
(TME)

Tumor MicroEnvironment (TME) emerged
as one of the key factors in therapy resistan-
ce. Tumor stroma - a complexity dictated by
the hypoxic TME. RT as known to influence
and modify diverse components of the TME
[11].  The impact of low and high single dose,
as well as fractionated RT on host cells (endot-
helial cells, fibroblasts, immune and inflam-
matory cells) and the extracellular matrix.
Optimizing the schedule of RT (i.e. dose per
fraction) and other treatment modalities is a
current challenge. RT has a nonspecific effect,
triggering both tumor and host cells. 

The effect on endothelial cells depends on
the dose per fraction. At a clinical single dose
of 2 Gy, endothelial cell survival as favored
through miRHA upregulation. Low doses RT
(<1 GY) can be used as a anti-inflammatory
treatment. High dose (above 10 Gy) are more
likely to induce endothelial cell apoptosis and
tumor vessel collapse [12]. This could explain
the clinical efficacy of stereotactic body radia-
tion therapy and stereotactic radiation surge-
ry. With intermediate doses (5-10Gy) tumor
vessel normalization and dilatation are obser-
ved and associated with reduced vascular lea-
kage and increased tumor oxygenation
[13,14]. 

RT can initiate inflammatory cascades by
two main pathway: the nuclear and cytoplas-
mic pathway. NK cell mobilization following
neoadjuvant RT appears crucial. Normal fib-
roblasts are well known to resist to high radia-
tion dose (up to 50 Gy). Cancer-associated
fibroblasts actively contribute to cancer agg-
ressiveness by modulating different processes
– angiogenesis, inflammation and extracellu-
lar matrix remodeling [11,14].  

4. Radiotherapy and Cancer Immuno -
genic Effects

The balance between proimmunogenic and
immunosuppressive effects of radiotherapy
and tumor rejection is very difficult [15]..
Radiation promotes the priming and effector
phases of the antitumor immune response.
Key molecular signals that promote priming of
antitumor T cells by dendritic cells loaded with
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tumor antigens include exposure of
CalReTiculin (CRT) and High-Mobility Group
Protein B1 (HMGB1). These signals are relea-
sed by the tumor cells undergoing a radiation-
induced immunogenic cell death and, together
with InterLeukin 1b (IL-1b) lead to activation
of tumor-specific T cells. Key molecular signals
that promote the effector phase include the
upregulation of chemokines CXCL9, 10, and
16, which attract activated T- cells to the
tumor. Tumor infiltration by T cells produce
InterFeroN y (IFN-y) and Tumor Necrosis
Factor-alfa (TNF-a). The process is facilitated
by upregulation of Vascular Cellular Adhesion
Molecule 1 (VCAM-1) on tumor endothelium
[16]. Radiation-induced upregulation of Major
Histocompatibility Complex Class 1 (MHC-1)
and InterCellular Adhesion Molecule-1 (ICAM-
1) on surviving tumor cells improves their
recognition and killing by T cells. On the other
hand, radiation activates immunosuppressive
Transforming Growth Factor-beta (TGF-b) and
promotes accumulation of regulatory T-cells
and protumorogenic M2 macrophages. Data
suggest that positive effects of radiation other
predominate over negative ones but are insuf-
ficient to shift the balance of the immunosup-
pressive tumor microenvironment to achieve
tumor rejection in the absence of targeted
immunotherapy [15,17]. 

5. Individualization of Radiothe rapy
based on Angiogenesis markers 

Tumor blood vessels are recognized as
major actors in tumor development at least
through an active and passive exchange of
nutrients, waste and gaz [13,16]. The effects
of ionizing radiations on angiogenesis are
more complex than might be expected. There
are now at least three distinct ways in which
radiation can affect vessel growth:
l The protons of electromagnetic radiations

stimulate vessel growth at least in part, by
causing the increased expression of angio-
genesis factors.

l Low Linear Energy Transfer (LET) charged
particles like protons inhibit angiogenesis
by an unknown mechanism although dec-
reased expression of angiogenesis factors
and reduced motile tip activity is implica-
ted. 

l High LET heavy ions like Fe ions also inhibit
angiogenesis by an unknown mechanism
that  affects  the later stages of tubuloge-
nesis. 
This complexity of response opens up pos-

sibilities of greater control over angiogenesis
and the resulting pathologies during coinci-
dent exposure or therapy. For exposure in
space, knowledge of these mechanisms will
enable more precise risk assessment and liti-
gation strategies. For radiotherapy, treatment
could be manipulated to utilize the radiation
effectively. In addition, effectiveness can be
increased further when used in the right com-
bination of anti-angiogenesis drugs. Further
research in this field should contribute to a
great improvement in these strategies.

CoNCLuSIoN 

The hypoxia markers, markers of DNA
repair, the different compartments of TME and
the angiogenesis markers are closely related
and contribute not only to tumor progression,
but also to its treatment response. RT delivery
to the primary tumor, ionizing radiation also
target non tumor cells the influence tumor
growth and metastatic dissemination. The
TME-mediated and the other models of radio-
resistance is now the object of researchers
[14,16]. However the impact of PERSONALI-
ZED  RT is often neglected. Here we pointed
out the impact of this element of multimodal
oncology treatment.
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Intra-articular platelet 
rich plasma injections 

for Knee osteoarthritis
Zhelyazkova M., Todorov P., Popova V., Karalilova R.,  Batalov A.

Medical University of Plovdiv, Faculty of Medicine, 
Propedevtics of Internal Diseases, 

UMHAT „Kaspela”, Department of Rheumatology

РЕЗЮМЕ:

Въведение: Представя се метод за
лечение на колянна остеоартроза с прила-
гане на тромбоцит богата плазма вътрес-
тавно. Съдържанието на голям брой рас-
тежни фактори обуславя нейната ефектив-
ност. Цел: Да се определни ефективност-
та и безопасността от чиста Тромбоцит
Богата Плазма (ТБП) при лечение за
колянна остеоартроза (ОА), сравнена с
други методи на терапия- хиалуронова
киселина (ХК) и кортикостероиди (КС).
Mатериали и методи: Не-рандомизира-
но, единично-заслепено проучване, което
включва 96 пациента. Случайно разпред-
лени в три групи, пациентите са получили
тромбоцит богата плазма, хиалуронова
киселина или кортикостероидни аплика-
ции в три поредни седмици. За оценка на
ефективността от терапията преди лече-
нието, на 1-ви, 6-ти и 12-ти месец е изпол-
зван Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC).
Отбелязани са настъпилите нежелани
реакции. Резултати: Изходните характе-
ристики на групите са съпоставими. На

ABSTRACT

Introduction: Treatment method for knee
osteoarthritis is applications of plateler rich
plasma. It consists of huge number of grow-
ing factors, which determine its efficacy. Aim:
To determine the safеty and efficacy of pure
Platelet Rich Plasma (PRP) for knee
osteoarthritis (OA) treatment, compared with
other treatment methods-hyaluronica acid
(HA) and corticosteroids (CS). Material and
Methods: A non- randomized, single-blinded
control study of 96 patients. The patients
were randomly selected in three groups and
received either platelet rich plasma, hyaluron-
ic acid, or corticosteroid for a series of 3 week-
ly injections. Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)
was used for evaluation of the patients before
injections and at 1, 6 and 12 months after the
first application. Adverse events were also
recorded. Results: The baseline characteris-
tics of the groups are similar. At first month all
treatment methods provide efficacy with no
difference between groups but statistically
significant difference compared with baseline.
There is a clear difference in efficacy at month
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INTRoDuCTIoN 

Osteoarthritis is the fourth leading cause of
invalidation worldwide, and WHO 2012 classi-
fied it inside a group of 25 diseases leading to
life in disability. Osteoarthritis is common wor-
ldwide with small geographic differences.  Of
a great interest are knee and hip osteoarthritis
because of the size and money needed to be
treat. The age standardized prevalence of
radiographic knee OA in adults age ≥ 45 was
19.2% among the participants in the
Framingham Study and 27.8% in the
Johnston County Osteoarthritis Project (10).
In the third National Health and Nutrition
Examination Survey (NHANES III), approxi-
mately 37% of participants age >60 years or
older had radiographic knee OA (10). Recent
study using cadaver-derived skeletons among
individuals describes osteoarthritis of the
knee as a ‘mismatch disease’ and explain
approximate doubling of knee OA prevalence
that has occurred in the United States since
the mid-20th century (17). The disease is no
longer attributed to aging and obesity. Allels of
the genes, such as GDF 5,  have been shown

to influence knee OA susceptibility. Also the
role of environmental factors have been risen.

Gonarthrosis is a condition that affects the
articular cartilage, synovial membrane and
subchondral bone. All of these structures are
responsible for biochemicle and biomechanical
balance of the joint (14). OA is a pathology
accompanied by an increased presence of
inflammatory cytokines and proteolytic mole-
cules in the tissue, which in turn lead to ext-
racellular matrix degeneration and functional
impairment. Chondrocytes and synovial cells
change their quiescent phenotype in response
to an abnormal microenvironment from trau-
ma-induced inflammation (6) The main proin-
flammatory cytokines involved in the pathop-
hysiology of OA are interleukin (IL)-1b, tumor
necrosis factor, and IL-6. These cytokines con-
tribute to OA pathogenesis through several
mechanisms contributing to the phenotype
shift of chondrocytes, through which activated
cells increase the expression of catabolic and
proinflammatory genes. In addition, these
cytokines intensify and maintain OA disease
by inducing the production of other proinflam-

първи месец всички терапевтични групи
осигуряват ефективност без разлика
помежду им, но със статистически значима
разлика спрямо базовото ниво. Изразено
различие в терапевтичната ефективност
има на 6-ти месец, където ПРП и ХК показ-
ват по –добри резултати спрямо кортикос-
тероидите. Липсва разлика между ПРП и
ХК в този период. На 12 месец и двете
групи все още показват сигнификантно по-
добри резултати, сравнени с КС, но по-
лоши спрямо тези отчетени на 6 месец.
Наблюдаваните странични реакции са
болка, подуване, контрактура.
Заключение: ТБП осигурява добро пов-
лияване на болката, намаляване на скова-
ността и подобряване на функцията в еже-
дневието. Представлява по-добър терапев-
тичен избор при колянна остеоартроза
спрямо кортикостероиди като има съпоста-
вим  ефект с хиалуроновата киселина отче-
тено на 6 и 12 месец от терапията. 

Kлючови думи: тромбоцит богата
плазма (ТБП), колянна остеоартроза, интра
артикуларно 

6 where PRP and HA groups illustrate better
results compared with CS. There is no differ-
ence between PRP and HA at that point. At
month 12 both groups still show significant
results compared with CS, but worse than
month 6. Adverse events are swelling, pain,
temporary loss of function. Conclusion: PRP
provide good relieve of pain, reduce stiffness
and alleviate function. It is a better therapeu-
tic choice for knee osteoarthritis. Still better
one from intra-articular corticosteroids and
provide similar effect as hyaluronic acid best
seen at 6 and 12 month after treatment. 

Key words: platelet rich plazma (PRP),
knee osteoarthritis, intra-articular   
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matory cytokines, such as IL-8, IL-15, IL-17,
IL-8, IL-21, and leukemia inhibitory factor
(8,11).

The aim of treatment is reducing pain, stiff-
ness and improve function (1). There are non-
pharmacological, pharmacological and surgi-
cal methods. Approved intra-articular treat-
ment methods are Corticosteroids (12),  hya-
luronic acid  (3). However, ACR 2012 do not
state HA’s benefit (7). On the other hand,
Hondroitin sulphate and Glucosamine sulpha-
te have shown controversial results in rando-
mized control trails (16), so they are not
recommended by ACR. There are not known
any disease modifying drugs for treatment of
osteoarthritis. 

The purpose of the study is to establish the

efficacy and safety of intra-articular applicati-
ons of platelet rich plasma for knee OA, com-
pared with other methods- intra-articular hya-
luronic acid and corticosteoids.

MATERIAL AND METhoDS 

This was designed as s prospective, single-
center, non-randomized, single-blind, 3-arm
group study. The study had a permission from
the Ethical Comission at Medical University
Plovdiv. Patient selection was based on strict
inclusion/exclusion criteria (Table 1) All pati-
ents had a screening visit (visit 1), three tre-
atment visits (visit 2, 3, 4, recpectively) and
follow up visits at 1 month (visit 5), 6 month
(visit 6) and end of study visit at 12 month

Table 1. Subject eligibility criteria 
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(visit 7). At visit 1, 5, 6 and 7 patients were
evaluated by Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). At
all visits patient were asked and examined for
any adverse events.

The study included a total of 96 patients.
Baseline characteristics of the patients shown
on Table 2.

The study group consists of 37 patients. To
prepare the PRP, at each visit 2, 3 and 4 res-
pectively, 20 cc of peripheral blood was ext-
racted from each patient by venepuncture into
extraction tube containing 3 ml Sodium Citrat
as anticoagulant. The extraction tube was
connected to SW-PRP kit, SAEWON, Korea.
The PRP kit was centrifuged at 3850 RPM for
7 minutes at room temperature in SW-400
machine, Korea. It was followed by second
centrifugation but for 8 minutes. Once the kit
was centrifuged, we proceeded to physically
separate the plasma fractions and receive
approximally 2-3 cc of poor leucocyte, pure
platelet rich plasma ready for aplication.

The first control group consists of 27 pati-
ents. They receive 3 IA injections of Sodium
hyaluronate, 20 mg/2 ml.  The second control
group consists of 32 patients. They receive 1
IA injection of Diprophos 7 mg/1 ml. A visit 3,
and 4 they receive IA injection of saline-place-
bo.

All intra-articular injections were applied in
lateral suprapatellar recessus followed by 15
minutes rest.

outcome measures
The primary efficacy outcome was the

change in pain, joint stiffness, and physical
function measured using WOMAC at baseline,
1 month, 6 month and 12 month. The
WOMAC consist of 24 total items devided
among 3 subscales: pain ( 0-20), stiffness ( 0-
8) and fisical function (0-68). Higher scores

are representative of greater pain and stiffnes
as well as worsened physical capability.
Patients answer the questions before any pro-
cedure and are not allowed to review the pre-
vious answers. The second outcome is safety
of the treatment method.

Statistical analysis was performed by the
use of SPSS v17.0. Nonparametric tests of U-
Mann– Whitney and Kruskal–Wallis (for conti-
nuous variables) were used.

RESuLTS

1. Efficacy
No difference in baseline WOMAC parame-

tes existed between the three groups, p  > .05
(WOMAC pain, p = .532; WOMAC stiffness, p
= .250; WOMAC function, p = .628; WOMAC
total, p = .626). 

At month 1, there are no difference betwe-
en the three treatment groups according to
pain, stiffness, function, and total score
(WOMAC  pain, p = .679; WOMAC stiffness, p
= .523; WOMAC function, p = .261; WOMAC
total, p = .396). At the end of the first month
there is continuating similarity in results bet-

Table 2. Demographics and groups of treatment
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ween the treatment groups. 
At month 6, there is no difference between

the three treatment grups according to
WOMAC pain,  p = .070; According to stiff-
ness, function and total score, there are sta-
tistically significant difference (p = .009;  p <
.001; p < .001, respectively). WOMAC stiff-
ness: PRP shows statistically significant diffe-
rence from CS: p < .001 (PRP < CS); HA has
statistically significant difference from CS: p =
.011 (HA < CS).  There is no statistically sig-
nificant difference between PRP and HA, p >
.05. WOMAC function: PRP shows statistically
significant difference from CS: p = .002 (PRP
< CS); HA have statistically significant diffe-
rence from CS: p = .006 (HA < CS).  There is
no statistically significant difference between

PRP and HA, p > .05. WOMAC total: PRP
shows statistically significant difference
from CS: p < .001 (PRP < CS); HA have
statistically significant difference from CS:
p = .004 (HA < CS).  There is no statisti-
cally significant difference between PRP
and HA, p > .05. 

At month 12, there are statistically sig-
nificant differences between the three tre-
atment grups according to WOMAC pain,
stiffness, function and total (p = .001; p <
.001; p =.001; p < .001, respectively).
WOMAC pain: PRP and HA show statistically
significant difference from CS: p < .001
(PRP < CS) and p = .007 (HA < CS). There
is no statistically significant difference bet-
ween PRP and HA, p =.548. WOMAC stiff-



ness: PRP and HA show statistically signifi-
cant difference from CS: p < .001 (PRP <
CS) and p = .002 (HA < CS). There is no
statistically significant difference between
PRP and HA, p =.417. WOMAC function:
PRP  and HA show statistically significant
difference from CS: p < .001 (PRP < CS)
and p = .003 (HA < CS).  There is no sta-
tistically significant difference between PRP
and HA, p =.853. WOMAC total: PRP and
HA show statistically significant difference
from CS: p < .001.  (PRP < CS) and p =
.002 (HA < CS).  There is no statistically
significant difference between PRP and HA
p =.724. 

2. Safety
There are statistically significant diffe-

rences between study and control groups
according to adverse events at the first
month, p = .003. 5% of people from the
PRP group reported pain after applicati-
ons longer than 12 hours, effusion was
reported by 14% of patients and tempo-
rary loss of function by 5%. Only 5% from
HA group said they had pain after injecti-
ons. At months 6 and 12 there are no
adverse events and significant difference
between the three groups, but 2 patients
from the HA control group underwent
arthroscopy compared with one patient
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from PRP group. One patient had total
knee replacement surgery from HA con-
trol group. All these people were excluded
from the statistical analysis.

DISCuSSIoN 

The primary porpous of the study is to
evaluate the efficacy of treatment with
PRP compared to other treathment met-
hods, and the second aim was evaluating
the safty. The study confirmed the hypot-
hesis that PRP is better treatment than
CS and have similar results compared to
HA. This effect is seen at month 6 especi-
ally for stiffness and function, but at 12
month of the follow-up there are statisti-
cally significant differences at all parts of
WOMAC (pain, stiffess and function). 

The study shows similar results with
prior studies comparing PRP with HA or
PRP with CS.

Data from Duymus et al 2017 (5)
shows similarities with our study. They
perform randomized control trial with a
total of 102 patients, which were treated
with either PRP 2 intra-articular injecti-
ons, HA single-dose of intra-articualr
injection, or ozone x four  times. At the
end of the first month after injections,
significant improvements were seen in all
groups. The result was similar with our
outcome.

At 6  month, while the clinical efficacies
of PRP and HA were similar and continu-
ed, the clinical effect of ozone had disap-
peared (p < 0.001).  Our results showed
similar changes according to WOMAC
compartments in PRP and HA group.

At the end of 12 month, PRP was deter-
mined to be both statistically and clinical-
ly superior to HA (p < 0.001) suggested
the study team. Our study shows no sig-
nificant differences between PRP an HA at
month 12 of the follow-up period, but
better significant results compared to
baseline. Similar results illustrated Lana
et al 2016 (9). They evaluated PRP treat-
ment compared to HA or a combination of
PRP and HA. They performed a randomi-
zed control trial with 105 patient, 36 trea-
ted with PRP three intra-articular injecti-

ons, 36 with HA also three intra-articular
injections. The rest of the patients were
treated with a combination. The results
showed greater improvement in WOMAC
function at 12 month (p=0.008) when
compared to HA group. Data from
Bottegoni et al 2016 (2), observed 60
patents treated with PRP three intra-arti-
cular injections or CS single application
showed worsening of the results at 6
month. 

Similar results at 6 month are seen in
doble randomized clinical trial of
Montañez-Heredia et al 2016 (13) compa-
ring 27 patients treated with PRP and 26
treated with sodium hyaluronate. 

Cole et al 2015 (4) performed double-
blinde, randomise clinical trail with a total
ot 99 patients treated with PRP or HA
three times during weekle interval. They
discovered no statistically significant dif-
ference between the two groups at month
12 according to WOMAC score.

A meta- analysis was performed by
Riboh et al 2016 (15) including 6 rando-
mised controlled trials (evidence level 1)
and 3 prospective comparative studies
(evidence level 2) with a total of 1055
patients. Injection of leucocyte pour PRP
(LP-PRP) resulted in significantly better
WOMAC score than hyaluronic acid (mean
difference, -21.14;95% Cl, -39.63 to -
2.65) or placebo (mean difference, -
17.84; 95% Cl, -34.95 to -0.73) No such
difference was observed with leucocyte
rich PRP (mean difference, -14.28; 95%
Cl, -44.80 ti -16.25). The SUCRA analysis
showed that LP-PRP was the highest ran-
ked treatment for measure of clinical effi-
cacy (WOMAC)

PRP injections resulted in a higher inci-
dence of adverse reactionsnthan hyaluro-
nic acid (odds ratio, 5.63; 95% CI, 1.38-
22.90), but there was no difference bet-
ween LR-PRP and LP-PRP (odds ratio,
0.78; 95% CI, 0.05-11.93). These reacti-
ons were nearly always local swelling and
pain, with a single study reporting medi-
cal side effects including syncope, dizzi-
ness, headache, gastritis, and tachycardia
(17/1055 total patients). The final analy-
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