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ABSTRACT 

The rheumatoid arthritis is chronic disease with progressive 
course and deteriorations of joints as well as other organs. The 
pathogenesis of rheumatoid arthritis is characterized with 
chronic synovitis and inflammation. The main roles in develop-
ment of rheumatoid arthritis have auto-reactive T cells and in-
flammatory cytokines, especially tumor necrosis factor a, inter-
leukin 1 and interleukin 6. The management of rheumatoid arthri-
tis has evolved significantly in the past twenty years, especially 
with introduction new diagnostic criteria by European League for 
Rheumatoid Arthritis which are very sensitive for early arthritis. 
The main goal of treating rheumatoid arthritis is to start with ther-
apy in the phase of the disease when destruction of joints can still 
be prevented. Therapeutic strategies for rheumatoid arthritis in-
volve wide palette of different drugs which can be divided into 
conventional and biological Disease Modifying Antirheumatic 
Drugs. The use of methotrexate in combination with biological 
drugs provide targeting not only structural changes in rheuma-
toid arthritis but also and immunological pathways in develop-
ment of rheumatoid arthritis. These drugs synergistically provide 
clinical remission and low activity of rheumatoid arthritis in the 
majority of patients. The uses of biological drugs are limited due 
their high costs or safety profile. In order to reduce costs and tox-
icity in the treatment of rheumatoid arthritis, new treat-to-target 
concept is established. The new class of drugs which modulate 
signal pathways and activity of tyrosine kinase are under investi-
gations in post marketing surveys in patients with rheumatoid ar-
thritis as in efficacy as in safety issues. 
 
Keywords: Rheumatoid arthritis, conventional Disease, 
Modifying Antirheumatic Drugs, biological Disease Modifying 
Antirheumatic Drugs.
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INTRODUCTION 

Rheumatoid arthritis (RA) is a serious chronic disease 
which is characterized by persistent synovitis, systemic in-
flammation, and resence of autoantibodies (particularly to 
rheumatoid factor and pcitrullinated peptide) (1, 2). Epidemi-
ological data indicate that RA is one of the most prevalent 
chronic diseases with inflammatory genesis (3). The 
primary targets in development of pathological processes in 
RA are joints but prevalence of extraarticular manifestations 
in RA patients is high too which lead to increased level of 
complications and comorbidities and reducing quality of life 
in RA patients (4-6). The introduction of biological drugs, 
especially those which target tumor necrosis factor-alpha 
have changed the management of RA and in the past decade 
initiated a novel approach in diagnosis and therapy of RA 
(1). In this review, we will evaluate the novel approach in 
diagnosis and therapy in patients with RA. 

Epidemiology and clinical manifestations of rheumatoid 
arthritis 

The prevalence of RA is 1% among general population, 
mostly involving people during their economically produc-
tive part of life (3). The prevalence of rheumatoid arthritis is 
3 to 4 times higher among the women with rising tendency 
with aging (4-5). The onset of disease can be acute, but more 
often RA develops gradually with progressive course, which 
leads to structural changes of affected joints and surrounding 
tissues decreasing their functional ability and reducing qual-
ity of life of patients with RA (6). Mortality rate and morbid-
ity due to RA are higher than in general population, since pa-
tients with RA have increased susceptibility to cardiovascu-
lar diseases, lymphomas and other extra-articular manifesta-
tions of RA (7). Extra-articular manifestations of RA are pre-
sented in 40% of patients with RA and they increase mortal-
ity for 3 to 4 times compared to patients without extra-artic-
ular complications. 

Etiology and pathogenesis of RA 

The etiology of RA is partly known (8). Genetic predis-
position has an important role in pathogenesis of rheumatoid 
arthritis. Recent studies have shown that microbiological 
agents as Parvo viruses could lead to polyarthritis and devel-
opment of RA, but in small percent of patients (2, 7%). The 
other etiological factors are obesity, smoking, heat shock pro-
teins and presence of rheumatoid factor (RF) and/or antibod-
ies against cycled citrullinated peptide (ACCP antibodies). 
(9, 10). RF is an anti-body (IgM and IgA) which binds to Fc 
portion of IgG and ACCP antibodies are autoantibodies 
which are directed to citrullinated peptides. (9). 

The primary pathological process in RA mainly affects 
cells of synovial membrane and cartilage. In pathological cir-
cumstances which dominate in the pathogenesis of RA, cells 
of synovial membrane, fibroblast synovial cells and macro-
phages like synovial cells lose protecting role and transform 
into joint destroying cells which lead to conditions for 

development of increased production of pro-inflammatory 
cytokines (1, 4, 11, 12). The inflammation process on joints 
in RA developed due to increased influx of immune cells, es-
pecially macrophages, dendritic cells, lymphocytes, neutro-
philes, and mastocytes which lead to hyperplasia of cells of 
synovial membrane (13). 

On the surface of inflamed joints, fibroblasts and mono-
nuclear cells contribute to pannus formation, another charac-
teristic of RA which has a significant proteolytic activity and 
implicates further damage of local tissue (2). Angiogenesis 
has a substantial role in the pathogenesis of RA too, espe-
cially in exacerbation of inflammation process. Cytokines: 
tumor necrosis factor-alpha (TNF-α) and interleukin 1, 6, and 
8 (IL-1, IL-6, IL-8) can be powerful inducers or blockers of 
angiogenesis. TNF-α, IL-1, IL-6 may increase directly angi-
ogenic activity or they can modulate vascular endothelial 
growth factor (VEGF)-dependent pathways. TNF-α induces 
the process of neovascularisation by itself and also trough ca-
pillary formulation in process via VEGF activity. IL-6 also 
enhances the angiogenesis process due to initiation of VEGF 
production. IL-8 is involved in process of induced activity of 
transformed synovial fibroblast which leads to induction of 
angiogenesis due VEGF pathways. In the presence of block-
ers of these cytokines the level of angiogenesis is decreased. 
Most of these mediators are targets for biological drugs used 
in the treatment of RA (1, 14). 

The increased influxes of immune cells in the pathogene-
sis of RA are regulated by: TNF-α, IL-1 and IL-6 (13).  
TNF-α has a dominant role in profoundness of inflammation 
process on synovial membranes and in deterioration of af-
fected joints in RA. The production of these cytokines is re-
sult of interaction between antigen presentating cells and 
CD4-T cells. Antigen presenting cells expose complexes of 
class II major histocompatibility compex molecules and pep-
tides antigens which induce binding with receptors on T cells. 
The following step is activation of macrophages with secre-
tion of proinflammatory cytokines (4). 

The immune cells and their migration into affected joints 
in patients with RA can lead to impairment of bone and car-
tilage tissue around affected joints, not only by cytokine- me-
diated processes, but also due to effects of metalloproteinases 
(MMPs) and aggrecanases originating from bone matrix 
which disturb the balance between anabolic and catabolic 
processes in the bone tissue. MMPs, especially MMP-s 7 in 
injured cells cleaves ectodomain of syndecan-1 which induce 
releasing of chemokine named KC which than increase influx 
of inflammatory cells. (16) 

Activated fibroblast with accumulated T-cells and B-
cells, macrophages and monocytes enhance production of os-
teoclasts via promotion of receptor activator of nuclear factor 
к B ligand (RANKL) T-cells and B-cells and via RANK re-
ceptor on macrophages, dendritic cells and proosteoclasts 
(17). 
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Figure l. The mechanism of developing synovitis in rheumatoid arthritis 

 

 

These newly derived osteoclasts have crucial role in pro-
cess of bone resorption which leads to progression of inflam-
matory process of RA in deeper structures of bone (16). 

Clinical manifestations in RA 

Since that in RA crucial processes on the synovial mem-
brane are chronic inflammation and its complications, clini-
cally in patients with RA dominate pain, stiffness, joint 
swelling, movement difficulty, but also systemic inflamma-
tory changes such as fever, fatigue, anemia, as well as 
changes in laboratory parameters: elevated erythrocyte sedi-
mentation rate, elevated reactive protein C (CRP), hypergam-
maglobulinemia and elevated levels of various auto antibod-
ies (18). Clinical manifestations of RA are the result of in-
tense inflammation process on joints and it is presented 
mainly as fluctuated swelling of joints primarily on hand and 
wrist joints, joints of the feet, or on the larger joints such as 
joints of the cervical spine, shoulders, knees and hips which 
result with different level of disability in patients with RA 
(2). In patients with RA special concern is needed due to ex-
traarticular manifestations of this dis-ease, especially in pa-
tients with poor response on therapy. Extra-articular manifes-
tations include multiorgan diseases as pulmonary, ocular, 
vascular, cardiac, neurological and cutaneous are. These ex-
traarticular manifestations in-volve the presence of rheuma-
toid noduli on different organs or developing inflammation 
processes on different organs in patients with RA. The spe-
cial concern in patients with RA are needed due to higher in-
cidence of comorbidities on cardiovascular system (heart 
failure, myocardial infarction, stroke, hypertension), higher 
incendence of cancer (lymphoma, lymphoproliferative dis-
ease, lung cancer, skin cancer), infections and other diseases 
(depression, osteoporosis, psoriasis, etc) (2, 4). 

Diagnostic criteria for rheumatoid arthritis 

In 1978, American College of Rheumatology (ACR) es-
tablished criteria for diagnosis of RA. According to these cri-
teria during clinical assessment, four of the following criteria 
must be presented in patients: morning stiffness which lasts 
at least one hour, arthritis with edema in three or more joints 
confirmed by specialist, arthritis on joints of a hand (with 
edema more than in one joint), symmetric arthritis, rheuma-
toid skin noduli, positive value of laboratory tests for rheu-
matoid factor, radiologically confirmed typical findings for 
RA. All criteria, except the last two last, must last at least six 
weeks in moment of clinical assessment of RA (19-21). 

In 2010, European League for Rheumatoid Arthritis 
(EULAR) has recommended an amendment of ACR criteria 
for RA, since these criteria lack in sensitivity for early phase 
of RA. According to this amendment, for diagnosis of RA, a 
new scale is established where score should be six or more 
than six, with included criteria such as involvement of the 
joints, the positive values of serological analysis, the pres-
ence of elevated levels of laboratory tests C reactive protein 
and erythrocyte sedimentation and duration of symptoms 
(21). These recommendations are especially related to newly 
diagnosed patients with RA with clinical presentation with 
synovitis and edema within one joint and in patients with syn-
ovitis where etiology is not determined (21). 

Disease activity score (DAS) was designed in 1983, for 
purpose of improvement of former criteria for measuring ac-
tivity of RA-index of RA. Nowadays DAS is a gold standard 
for estimating activity of RA, with values of low and high 
activity of RA. This score is the result of formula which ob-
tains number of joints with edema (with examination of 28 
joints: joints of shoulders, elbows, wrists, knees, 
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metacarpophalangeal joints and proximal interphalangeal 
joints), value of blood sedimentation and general health state 
of patient according to visual analogue scale (VAS) (22, 23). 
The range of DAS 28 is if value of disease activity score is 
higher from 5, 1, then RA has high activity, value of DAS 28 
between 3, 2 and 5, 1 RA has moderate activity and RA has 
low activity if the value of DAS 28 is between 2, 6 and 3, 2. 
EULAR has developed criteria for estimating RA patients' 
response on therapy which are based on DAS 28 criteria. Pa-
tient's response to therapy can be considered good if change 
of value of DAS28 is significant and disease activity is low. 
According to these EULAR criteria, there are three pat-terns 
of response to therapy among patients with RA: good re-
sponse, moderate response and no response to therapy. De-
creasing of value of DAS 28 for 0, 6 indicates that patient 
with RA has no response to therapy, while decreasing of 
value of DAS 28 for 1, 2 and more indicates on moderate and 
good response. If value of DAS 28 is less than 2, 6, then pa-
tients with RA are in remission (24). 

Rheumatoid arthritis decreases the ability of patients for 
management of everyday activity, which leads to a decrease 
of quality of these patients. Health Assessment Questionnaire 
involves functional ability of patients in several domains: in-
ability, pain and discomfort, adverse reactions of drugs and 
economic sphere of treating RA. Each domain of HAQ is as-
signed with a grade, summarizing patient's answers clinicians 
obtain from HAQ score and value they got, which can vary 
from zero to three, where zero represent state without disa-
bility and three represents state of full disability (25-27). 

Laboratory parameters in patients with rheumatoid arthri-
tis can indicate presence and course of inflammation process 
and can be useful for assessment of development of RA and 
for monitoring of patients' response to therapy. Increased val-
ues of erythrocyte sedimentation rate, level of fibrinogen, C 
reactive protein and rheumatoid factor are repercussion of in-
duced effects of TNF-α, IL-1, IL-6 partly on immune cells, 
partly on liver (28). The more significance antibodies for RA 
are those directed against cycled citrullinated peptides 
(ACCP antibodies). ACCP antibodies are more specific for 
patients with RA and their presence is better indicator for 
poor response on therapy and progressive joint deteriora-
tions. The results of recent clinical studies indicate that in 
synovial tissue of ACCP antibodies positive RA patients 
dominate lymphocytes and in ACCP antibodies negative RA 
patients synovial membrane are changed due to fibrosis. Cir-
culating ACCP antibodies can indicate on prerheumatoid ar-
thritis, since it can be detected in patients with RA 10 years 
before diagnosis. The presence of ACCP antibodies indicate 
on increased joint deteriorations and on low remmision rate. 
The values of ACCP antibodies and RF decrease due to ef-
fects of therapy, but patients with RA rarely became ACCP 
antibodies negative comparing to RF whereas seropositive 
RF patients more frequently convert to seronegative RF pa-
tients (4, 10). 

 

Therapeutic strategies in patients with rheumatoid ar-
thritis 

The main aim of therapy in rheumatoid arthritis is to pre-
vent spreading of chronic inflammation process and to ensure 
protection of deteriorated joints from further dam-ages (15, 
29). 

The idea of early introduction of therapy in patients with 
RA was substantial for better management of RA, but the 
most crucial step in historical development of therapy for RA 
was introduction of biological drugs (30-33). 

Modern concept of treatment of rheumatoid arthritis in-
volves achieving a state of remission in patients with-out ev-
idence of inflammation and joint damage. In broad terms, the 
goals of therapy can include reduction in dis-ease activity, 
reduction of pain, maintenance of functional status of the 
joints and preservation of working ability, but also the ability 
for daily activities of patients. Since the nature and course of 
molecular mechanisms responsible for symptoms of synovi-
tis in chronic inflammation are different from the mechanism 
which is responsible for the structural deterioration of joints, 
therapy of rheumatoid arthritis should affect both pathophys-
iologal processes (15). 

Disease-modifying antirheumatic drugs in therapy of 
rheumatoid arthritis 

"Go low go slow" concept based on use of physical ther-
apy, non pharmacological treatment and low doses of non 
steroidal anti-inflammatory drugs (NSAIL) was abandoned 
during the eighties of the last century. Despite the use of 
NSAIL in patients with RA which provides reduction in 
symptoms, recommendations for treatment early phase of RA 
indicate that Disease-modifying antirheumatic drugs 
(DMARD-s) that affect the course of the disease should be 
the first choice treatment (35-37). DMARD-s are adminis-
tered mainly orally and in lower doses they provide anti-in-
flammatory effects, prevent further deteriorations of affected 
joints and their surrounding tissues so they can be used for 
management of RA for longer period. Disease modifying an-
tirheumatic drugs include two major classes of drugs: syn-
thetic and biological drugs. Further synthetic DMARD-s can 
be divided into two groups of drugs: conventional synthetic 
DMARD-s and targeted synthetic DMARD-s. The targeted 
synthetic drugs, like tofacitinib and baricitinib are janus ki-
nase inhibitors which can modify the specific reaction in 
propagation of inflammation. Conventional synthetic 
DMARD-s were introduced in the treatment of RA trough 
positive experience but their mode of action in RA has still 
been unclear (38). 

The earlier use of conventional synthetic DMARD-s pro-
vides better control of disease activity in patients with RA 
and improves effects of combination of conventional syn-
thetic DMARD-s and biological drugs. Conventional syn-
thetic DMARD-s applied in patients with RA decrease swell-
ing of joints, reduce pain, lower the parameter values of acute 
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phase of inflammation and improve joint function (21, 39-
45). 

Conventional synthetic DMARD-s 

Conventional synthetic DMARD-s include the broad 
spectrum of drugs: metotrexate, glucocorticoids, sulfasala-
zine, leflunomide, hydroxychloroquine, gold therapy. 

EULAR criteria for management of RA with synthetic 
DMARD-s and biological drugs recommend that therapy of 
RA should be initiated with methotrexate with a low dose of 
glucocorticoides (46). 

Methotrexate (MTX) is a gold standard in the therapy of 
RA which has been used in the last 25 years. The mechanism 
of action of MTX is directed on dihydrofolate reductase 
which MTX competitively and irreversibly inhibits with dis-
abling conversion of dihydrofolate in tetrahydro-folate. By 
this step, MTX inhibits synthesis of DNA, RNA and proteins 
in gastrointestinal, medullar and neoplastic cells. The poten-
tial anti-inflammatory action of MTX can be explained by its 
blocking of thymidylade synthase which increases intra and 
extracellular adenosine activity. By these mechanisms, only 
part of anti-inflammatory action of MTX as its final effects 
on decreasing of proinflammatory mediators: TNF-α, IL-1, 
IL-6, metalloproteinases, prostaglandins and adhesion mole-
cules can be explained (47). The dose regimen for MTX in 
patients with RA for oral or parenteral administration varies 
from 7.5 to 25 mg per week. The results of numerous studies 
have shown that the adequate use of MTX in patients with 
RA provides improvement as in preservation of functional 
ability of affected joints as well as in prevention of further 
structural damages (39, 47). 

Despite these facts, the effects of MTX in patients with 
RA may fail due to toxicity or inefficacy. According to guide-
lines, use of MTX in patients with RA should be followed 
with associated administration of folic acid (5-15mg per 
week) or folinic acid (leucovorin in dose 27, 5 mg per week) 
due to decreasing adverse events (48). The most frequent ad-
verse events are gastrointestinal ones with mild clinical 
presentations as dyspepsia, nausea, vomiting and abdominal 
pain. Rarely, severe clinical presentation as hepatic, pulmo-
nary, haematologic, neurological, cutaneous and infectious 
adverse events can occur during MTX administration. 
Among hepatic adverse events in patients with MTX therapy, 
hepatic fibrosis and cirrhosis are most frequent. In order to 
prevent these adverse effects, special monitoring of liver en-
zymes (transaminases, gamma-glutamyl transferase, and al-
kaline phosphatase) is recommended and special concern is 
needed if these enzymes are higher two or more than two 
times in patients with MTX therapy as decreasing the dose of 
MTX and discontinuation of therapy are (47, 48). Chest X-
ray should be performed at the beginning and during MTX 
therapy due to evaluated pulmonary toxicity induced by 
MTX (interstitial pneumonitis, pulmonary fibrosis, and non-
cardiogenic pulmonary oedema). In the interest of prevention 
of hematological adverse events, patients with MTX therapy 

should undergo the tests of blood cell counts. Infectious dis-
eases are more common in patients undergoing MTX ther-
apy. Among neurological adverse events due to MTX tox-
icity headache, dizziness or impairments of speech, vision or 
cognition are more often. It is recommended that patients 
with RA treated with MTX should undergo frequent medical 
testing and supervisions, not only by rheumatologists but also 
by other specialists. The supplementation with folic acid is 
another preventive measure for reducing of MTX induced 
toxicity (48-52). MTX therapy is X category according to 
Food and Drug Administration and it is not recommended 
during pregnancy; the treatment with MTX should be deter-
mined 1 to 3 months be-fore conception (53). 

MTX is indicated as monotherapy or in combination with 
other drugs in the treatment of RA. (45). The glucocorti-
coides are indicated as in the early phase of RA as in RA with 
developed extra-articular manifestations of RA. The dose 
regimen varies from use of small doses (< 7, 5 mg prednisone 
or equivalent per day) in the first six months of treatment, use 
of average doses (10-30 mg per day), use of large doses 
(>30mg per day) and use of pulse therapy with a dose higher 
than 250 mg of methylprednisolone per day via infusion (54, 
55). The main disadvantages of use of glucocorticoides are 
adverse drug reactions of this group of drugs, which can be 
divided into two groups: prevent-able and non preventable 
(47). Preventable adverse drug reactions include wide range 
of impairments: heart failure, hypertension, peptic ulcer, dia-
betes mellitus, osteoporosis, myopathy, insomnia and mood 
disturbance. Considering that facts that pathological pro-
cesses in RA affect bone too, osteoporosis induced by gluco-
corticoides remains the most endangering adverse drug reac-
tion due to its decreasing effects on the process of bone for-
mation and increasing effects on the bone resorption. Non-
preventable adverse reactions involve infections, cataract, 
cutaneous modifications, accelerated atherosclerosis, and 
weight gain (54). For this reasons, crucial recommendations 
regarding the use of glucocorticoides in RA are that their use 
should be favorable in settings where their benefit exceeds 
risks: short term systemic use during relapse of RA, where 
their effects lead to rapid improvement and local use when-
ever it's possible (55-57). 

Hydroxychloroquine and chloroquine are antimalarial 
drugs with antirheumatic activity which is directed to lysoso-
mal membranes. These drugs change pH activity of lyso-
somes and stabilize the membranes of these cell structures 
which leads to suppression of immune response and activity 
of cells with dominant role in inflammation process: T cells 
and granulocytes and their migration. These drugs are mainly 
used in combinations as triple therapy with MTX and sul-
fasalazine, since their use as monotherapy has moderate effi-
cacy in patients with RA. The use of these drugs is related to 
adverse reactions mostly with mild clinical presentations: 
nausea, anorexia, rash, photosensitivity, while those with se-
vere clinical outcome (irreversible retinopathy) are rare (58, 
59). 
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Sulfasalazine is pro drug, which is transformed by bacte-
ria in colon into active forms of sulfapyridine and 5-amino 
salicylic acid. Anti-inflammatory activity of sulfasala-zine is 
related to reduction of the secretion of TNF-α, IL-1 and IL-
6, decreasing production of immunoglobulin G and rheuma-
toid factor by B lymphocytes and to inhibition of T lympho-
cytes. The dose regimen of sulfasalazine in patients of RA is 
2-3 g/day, as monotherapy as in combination with conven-
tional or biological DMARD-s (50, 60-63). The side effects 
of sulfasalsalazine have mild clinical presentations: nausea, 
dyspepsia, anorexia, mild damage of liver, rash, itching, pho-
tosensitivity, anxiety, headaches and sleep disturbance. The 
multiform erythema and serious hematological adverse ef-
fects as lymphopenia, neutropenia and agranulocytosis are 
rare during sulfasalazine treatment in patients with RA (63). 
Treatment of RA during pregnancy with sulfasalazine is 
mostly safe, but due to its' concentrating in milk, special con-
cern is needed during breastfeeding (64). 

Leflunomide is another pro-drug which is converted after 
first hepatic passage in the submucosal intestinal into active 
form and that leads to inhibition of dihydroorotate dehydro-
genase and decreasing synthesis of enzymes in-volved in py-
rimidine synthesis and further to diminishing of activity of 
tyrosine kinase and nuclear factor (NF)-kB activation. The 
usual dose for leflunominde is 20 mg per day and it is effec-
tive in treatment of RA, as monotherapy as in association 
with other DMARD-s. Leflunomide is used as effective treat-
ment both in early and late stage of RA leading to improve-
ment, remission and prevention of further structural deterio-
ration. The safety profile of leflunomide is similar of those of 
MTX (65, 66). 

In the treatment of RA, the gold therapy can be used too, 
since they inhibit cytokine production and decrease the level 
of mediators of inflammation which leads to suppression of 
macrophages. But, despite its efficacy, the gold therapy is 
only used if patients haven't responded adequately to previ-
ous treatment, since the presence of its significant adverse 
reactions (34, 67). 

Biological DMARD-s 

Since the crucial role of immunopathogenic pathway in 
development of RA, biological therapy has demonstrated ef-
ficacy in prevention as well as in functional and structural 
deteriorations in patients with RA. Biological therapy in 
treatment of RA is directed to cytokines such TNF-α, Il-1, 
IL-6 and these groups of drugs are defined as cytokines in-
hibitors. The other group of biological drugs, non-cytokines 
agents are involved via their' mechanism of action in path-
ways of T-cell co-stimulation blockade, and B-cell depletion 
and on non-cytokine as CD-20 receptor on B cells (68-70). 

The blockade of TNF-α is a potent mechanism of action 
which is directed to cytokine with a pivotal role in the path-
ogenesis of RA. These drugs can be administered intrave-
nously (infliximab) or subcutaneously (adalimumab, etaner-
cept, golimumab and certolizumab pegol). Among TNF 

blockers, the structure of etanercept matches with the struc-
ture of TNF receptor, while other drugs operate as monoclo-
nal antibody or its part (40, 48). 

Etanercept is a recombinant form of the soluble human 

TNF receptor, which binds specifically to circulating 
TNF-α and prevents further proinflammatory role of TNF-α 
in RA. The use of etanercept in the treatment of RA is indi-
cated in presence of a moderately severe or severe form of 
RA where patients have previously responded inadequately 
to conventional DMARD-s. The usual dose regimen is 50 mg 
per week (40, 71, 72). 

Adalimumab is human IG-1 monoclonal anti TNF-α an-
tibody, which targets specifically TNF, blocking further in-
teractions with TNF receptor and interfering with reactions 
which are mediated by this mediator. Adalimumab is indi-
cated as subcutaneous injection in dose of 40 mg every other 
week in patients with a moderately severe or severe form of 
RA who have previously an inadequate response to conven-
tional DMARD-s (71, 72). 

The other fully human monoclonal antibody which binds 
TNF-α is golimumab with usual dose regimen of 50 mg per 
month. Certolizumab is derived from human monoclonal anti 
TNF-α antibody and it contains only Fab 

fragment which is covered with polyethylene glycol. Cer-
tolizumab is used every two weeks in dose of 200 mg (40, 
48). 

Infliximab is a chimeric monoclonal antibody which is 
consisted of parts of human IG1 and variable murine Fv re-
gions. It is the only TNF-α blocker for intravenous ad-min-
istration with dose regimen of 3-10 mg / kg every 4-8 week 
(40, 48). 

The safety profile of biological drugs encompasses in-
creased level of infections, cancer, demyelinating disease, 
deterioration of heart disease, allergic reactions and produc-
tion of anti drug antibodies and anti ds- DNA antibodies (73, 
74). 

Tocilizumab is biological drug with anti IL-6 effects. It is 
administered via intravenous infusion in dose of 8 mg/kg 
once a month. Tocilizumab is used as monotherapy or in 
combination with other cDMARD-s in patients who didn't 
respond to the pervious treatment with MTX or anti-TNF 
therapy. During therapy with tocilizumab, adverse reactions 
as infections, diverticulis, dyslipidemia, liver damage and 
neutropenia can occur (75, 76). 

Abatacept is the first biological drug whose mechanism 
of action is involved into modulation of T lymphocyte activ-
ity. Abatacept binds to CD80/86 and CD 28 costimulatory 
factors and via these mechanisms, it decreases activity of T 
lymphocytes. Abatacept is administered via intravenous in-
fusion in dose regimen of 500-1000mg (at weeks 0, 2, 4 and 
then once monthly) or as subcutaneous injection in dose of 
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125 mg per week. The most frequent adverse reactions are 
increased risk of infections, reduced positive response to vac-
cines and infusion related reactions. (76-79). 

Rituximab is a chimeric monoclonal antibody whose 
mechanism of action is directed at CD 20. It is administered 
intravenously in dose of 1000 mg every 6 months who are 
unresponsive to TNF-blockers. The use of rituximab is indi-
cated in patients with RA who are unresponsive to TNF-
blockers. The safety profile of rituximab is more favorable 
than in other biological drugs especially in patients with RA 
who have concomitant diseases: multiple sclerosis, lym-
phoma or latent tuberculosis with contraindications of 
prophylaxis with isoniasid whereas other biological drugs 
should be avoided since they can provoke these diseases (40, 
45, 80-82). 

The use of biological therapy during pregnancy is dis-
puted, results of recent studies indicate that use of TNF in-
hibitors does not correlate with conception or teratogenic 
risk, similar data have been published for tocilizumab and 
abatacept (83, 84). 

Review of effectiveness of different therapeutic strate-
gies in RA 

The results of clinical studies which compare MTX and 
glucocorticoides and MTX and biological drugs in patients 
with RA haven't shown significant difference in outcomes. In 
patients with RA, who were treated with glucocorticoides in 
low doses in combination with MTX better structural protec-
tion of affected joints was provided than in the group with 
monotherapy with MTX (85). After six months of therapy, 
the dose of glucocorticoides should be gradually decreased 
and stopped when DMARD-s achieved full effects (85, 86). 
The clinical outcomes in patients with RA, in studies which 
compare MTX, sulfasalazine and leflunomide were similar, 
but MTX remains the core of therapy of RA especially be-
cause it optimizes effects of further therapy with biological 
drugs. In the numerous clinical studies triple therapy for RA 
(MTX, sulfasalazine and hydroxychloroquine) was com-
pared to monotherapy with MTX, but greater efficacy of tri-
ple therapy remains "blured" since in that arm of study glu-
cocorticoides were applied in higher doses. Further results of 
clinical randomised studies where lower dose of glucocorti-
coides was administered in triple-and in mono-therapy group 
have shown that no significant advantage was detected in the 
group with triple therapy, but only higher costs and more ad-
verse effects (86, 87). According to ACR guidelines, combi-
nation of cDMARD-s is not recommended as early first line 
therapy in patients with RA due to limitations of numerous 
clinical studies which investigate use of these kind of thera-
peutic strategy in RA. But, in patients with RA with low risk 
of progressive disease and with poor response on MTX add-
ing of other cDMARD-s or switching on other cDMARD-s 
may be optimal treatment (88, 89). EULAR provides guide-
lines for treating patients with high disease activity, high val-
ues of autoantibodies and RF and early joint damages on ra-
diography; according to these recommendations patients with 

these characteristics should be switched to the biological 
therapy in combination with cDMARD-s and glucocortio-
cides (45). 

The results of numerous clinical studies have shown ben-
efits of biological treatment in patients with RA. MTX in 
combination with TNF inhibitors or with tocilizumab provide 
clinical remission in 30-60% of RA patients (30). The bio-
logical DMARD-s accomplishe more significant effects in 
patients with RA if they are in combination with MTX or 
other cDMARD-s, especially leflunomide. The results of re-
cent studies indicate that tocilzumab should be biological 
drug of choice in settings where patients with RA due to in-
effectiveness or intolerance of MTX. In patients with RA, to-
cilizumab has shown better outcomes in functional as well as 
in structural changes, compared to monotherapy with TNF 
inhibitors or monotherapy with MTX (90-92). 

Review of the cost effectiveness analyses of different ther-
apeutic strategies in RA 

Due to their high costs, prescription of biological drugs is 
limited with special set of demands and only in patients who 
previously failed with two drugs from DMARD-s including 
MTX (92, 94). The results of cost effectiveness studies which 
compare different TNF- inhibitors are mainly given by socio 
economic conditions and health policy of country where 
study was performed. Kobelt et al. have shown that inflixi-
mab were cost effective for rheumatoid arthritis in economic 
settings of Sweden and Great Britain, from societal perspec-
tive, since in the infliximab group direct and indirect costs 
were reduced and incremental cost effectiveness ratios 
(ICER) were close to threshold. The similar findings were in 
study conducted by Bansback et al which was performed in 
Sweden. TNF inhibitors have favorable cost effectiveness ra-
tio in case where threshold was estimated from 50 000 to 100 
000 €/ QALY, and if threshold is 35000 €/QALY rituximab 
was found to be the most cost-effective alternative compared 
to other biologics among the patients with an insufficient re-
sponse to TNF inhibitors (95). In our country, socio eco-
nomic settings are different, the costs of the biological drugs 
are high as in other countries, while the costs of medical ser-
vices are significantly lower than in other countries, which 
leads that biological drugs, tocilizumab is not cost effective 
for treatment of RA compared do cDMARD-s (92, 93). 

Targeted synthetic DMARD-s 

The size of bDMARD-s (90000-150000 Dalton) provides 
that their mechanism of action is directed only at cytokines 
and molecules which are part of cell membrane. Orally avail-
able cDMARD-s have lower molecular weight and interfere 
with structure positioned in cytoplasm and directly regulate 
intracellular signal pathways. The process of phosporylation 
of kinase proteins especially of Janus kinase mediates pro-
cesses of cell proliferation, differentiation and adhesion 
which are crucial for development of RA. Janus kinase (JAK) 
family involves homodimer or heterodimer of Jak1, Jak2, 
Jak3 and tyrosine kinase 2 (Tyk 2) (96). 
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Tofacitinib is the first orally approved targeted synthetic 
DMARD which inhibit family of Jak kinase. Tofacitinib in 
combination with MTX, in dose of 5 mg twice a day, has 
shown similar efficacy as biological therapy in patients with 
RA. In contrast to most biological drugs, tofacitinib was su-
perior to MTX in patients with RA. Tofacitinib has been ap-
proved only in USA and other countries, but not yet in the 
European Union. The side effects of tofacitinib involve naso-
pharyngitis, elevation of transaminase and level of creatine, 
increase of total cholesterol, neutropenia and anemia (96-98). 

The inhibition of pan-JAK is a promising new mechanism 
which induces production of palette of new orally drugs: bar-
icitinib, decernotinib, peficitinib and filgotinib with expecta-
tions that they would be valuable therapy with cDMARD-s 
and bDMARD-s not only in RA, but also in other autoim-
mune disease (96). 

CONCLUSIONS 

The primary goal of therapy of RA is to achieve clinical 
remission and to prevent further structural and functional de-
terioration of affected joints. Early diagnosis and induction 
of DMARD-s are crucial for maintaining remission and pre-
vention of complications of RA. The new concept in treat-
ment of RA includes treat-to-target principal which provoke 
that treatment should last while remaining course of disease. 
The core of this principal encompasses selection of drug with 
high efficacy and low rate of hazards, dose reduction of drugs 
in a remission phase and even therapy discontinuation espe-
cially for bDMARD-s in patients with RA (46). 

The selection of therapeutic strategies for RA due to all 
these reasons may be a challenge for clinical practitioners and 
should be based on clinical guidelines and recommendations 
which summarize global evidences of the highest level, but 
also on individual characteristics of patients (29). 

The targeted synthetic DMARD-s are new therapeutic 
strategy for RA but its well defined position among other 
available therapeutic strategies should be investigated in ef-
ficacy aspects as well as in safety aspects (40). 
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ABSTRACT 

The present study strives to assess the cardioprotective role of 
phosphocreatine as an agent for postconditioning and percondi-
tioning of isolated rat heart.  
Rat hearts (n=30) were perfused with a Langendorff apparatus 
and randomly assigned to three groups subjected to 20 minutes of 
global ischemia and 30 minutes of reperfusion: control group (un-
treated rat hearts), postconditioning group (hearts treated with 
0.2 mmol/l of phosphocreatine during the first 5 minutes of reper-
fusion), and perconditioning group (hearts treated with 0.2 
mmol/l of phosphocreatine during the first 5 minutes of ischemia). 
During the experimental protocol, cardiodynamic parameters 
were evaluated, while oxidative stress parameters such as super-
oxide anion radical, hydrogen peroxide, nitrites and index of lipid 
peroxidation were determined in coronary venous effluent.  
Postconditioning and perconditioning with phosphocreatine im-
proved contractile function, heart rate and coronary flow, while 
the examined oxidative stress parameters in coronary venous ef-
fluent were significantly reduced in groups of treated rat hearts. 
The results of this study indicate that phosphocreatine has the po-
tential as a therapeutic agent for perconditioning and postcondi-
tioning the heart in ischemia reperfusion injury. 
 
Keywords: Langendorff apparatus, creatin phosphate, cardio-
protection, oxidative stress. 
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INTRODUCTION

A major problem of the health system around the world 
is the high prevalence and poor prognosis of patients with 
heart failure. In order to start discovering new therapeutic 
strategies, it is crucial to fully elucidate all mechanisms in-
volved in the development of cardiac dysfunction. Given that 
cardiomyocytes' energy needs are high, it is extremely im-
portant to have an adequate balance between energy pro-
duced and expended by continuous resynthesis in order to 
maintain an optimal contractile response of the heart muscle 
(1, 2). Chemical energy in the form of adenosine triphosphate 
(ATP) is created in mitochondria during the process of oxi-
dative phosphorylation, and most of the substrate for energy 
production are fatty acids, while less than 10% is obtained 
from glucose, lactate, and ketone bodies (3, 4). The phospha-
gen system should provide the energy necessary for myocar-
dial function through the interaction of creatine and ATP in 
the presence of creatine kinase. In addition to numerous stud-
ies, the precise role of high-energy phosphate metabolism in 
cardiovascular disease has not yet been fully elucidated. 
There is thought to be an association between phosphocrea-
tine levels and the development and progression of heart dis-
ease, and this claim is supported by the results of studies con-
ducted on both animal models and the human population (5). 

During ischemia, the process of oxidative phosphoryla-
tion is disturbed, the production of ATP and the energy sup-
ply of the heart muscle are reduced. Damaged membrane po-
tential on mitochondria and inability to undergo oxidative 
phosphorylation lead to deeper myocardial damage. How-
ever, available data suggest that significant cardioprotection 
can be achieved by accelerating the creatine kinase system in 
the heart (6), while the loss of creatine kinase system compo-
nents can be extremely harmful in the conditions of ische-
mia/reperfusion (I/R). Given that, it is believed that phospho-
creatine can reduce the release of heart enzymes and the part 
of the heart affected by a heart attack. On the other hand, ex-
ogenous administration of phosphocreatine can prevent the 
occurrence of potentially fatal arrhythmias after ischemia and 
reperfusion, which together with the aforementioned benefits 
can greatly improve heart recovery after ischemia (7). 

Given that the research focuses on novel modalities of 
conditioning, it would be very interesting to examine the ef-
fects of phosphocreatine as a post- and perconditioning 
agent. By definition, perconditioning is the administration of 
a specific conditioning agent during ischemia, while postcon-
ditioning is the administration of an agent immediately after 
ischemia. According to the literature, the application of a pro-
tective agent during ischemia will lead to a reduction in the 
necrotic area and the infarct size of the affected tissue, how-
ever, the mechanisms leading to protection are different from 
the mechanisms involved in preconditioning and postcondi-
tioning (8).  

Since there is a lack of data regarding the role of phos-
phocreatine in the therapy of ischemic/reperfusion injury, the 
aim of this study was to examine the role of phosphocreatine 

as an agent for postconditioning and perconditioning of iso-
lated rat heart. 

MATERIALS AND METHODS 

This is an experimental study on ex vivo animal material 
(isolated rat heart). During the experimental work, the provi-
sions of the prescribed acts (EU Directive for the Protection 
of Vertebrate Animals used for Experimental and other Sci-
entific Purposes 86/609 / EES) and the principles of ethics 
were respected. 

Animals and experimental protocol 

In order to investigate the effects of phosphocreatine on 
I/R heart damage, healthy Wistar albino male rats, 8 weeks 
old, weighing 200-250 g, were used. Rats were raised in the 
vivarium of the Center for Clinical and Functional Research, 
Faculty of Medical Sciences, University of Kragujevac in 
standard laboratory conditions - air temperature 23 ± 1o C, 
relative humidity 50%, 12:12 hours cycle light:darkness 
(with at the beginning of the light period at 9:00 am) and with 
free (ad libitum) access to water and food. 

Ex vivo examination of cardiac function was performed 
using the Langendorff model of retrograde perfusion of an 
isolated heart (Langendorff apparatus, Experimetria Ltd, 
1062 Budapest, Hungary). Hearts of all animals (30 in total) 
were isolated and placed on cannula of Langendorff appa-
ratus. After placing the heart on the device, stable cardiac 
work was confirmed by detecting unchanged values of coro-
nary flow and heart function parameters after several consec-
utive measurements. All hearts were subjected to 20 minutes 
of global ischemia, followed with 30 minutes of reperfusion. 

Isolated hearts were randomly divided into control (n = 
10, hearts of rats with acute I/R injury) and two experimental 
(n = 20) groups depending on the period of application phos-
phocreatin; postconditioning group - phosphocreatine at a 
dose of 0.2 mmol/l was applied in the heart during the first 5 
minutes of reperfusion, perconditioning group - 
phosphocreatine at the same dose was administered during 
first five minutes of reperfusion. 

Examination of the effect of phosphocreatine on cardio-
dynamic parameters and coronary flow 

Using the Langendorf apparatus and software followed 
cardiodynamic parameters were continuously monitored: 
dp/dt max - maximum rate of change of pressure in the left 
ventricle, which is expressed in mmHg/s; dp/dt min - 
minimum rate of pressure change in the left ventricle 
expressed in mmHg/s; SLVP - systolic pressure in the left 
ventricle expressed in mmHg; DLVP - diastolic pressure in 
the left ventricle expressed in mmHg; HR - heart rate 
expressed as beats per minute (bpm). Coronary flow (CF) 
was measured flowmetrically and expressed in mL of coro-
nary venous effluent per minute. Values of cardiodynamic 
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parameters as well as coronary venous effluent were 
collected at: stabilization points (S), first (1), fifth (5), tenth 
(10), fifteenth (15), twentieth (20), twenty-fifth (25) and in 
the thirtieth (30) minute of reperfusion.  

Examination of the effect of phosphocreatine on  
cardiac redox status 

In order to examine the effects of phosphocreatine on 
cardiac production of prooxidans in coronary venous effluent 
samples, oxidative stress parameters were determined. All 
biochemical analyzes were performed 
spectrophotometrically (Specord S-600 Analytik Jena, UK). 

The lipid peroxidation index was determined indirectly 
by measuring the products of the lipid peroxidation reaction 
with thiobarbituric acid, ie the levels of TBARS 
(Thiobarbituric Acid Reactive Substances). The 
spectrophotometric method is based on the determination of 
lipid peroxide levels based on the reaction of 
malonyldialdehyde with thiobarbituric acid (9). 

Measurement of nitrite released levels in coronary venous 
effluent is a suitable method for indirect assessment of the 
functionality of the endothelial L-arginine, based on the use 
of Griess reagent (10). 

The determination of the amount of superoxide anion 
radical (O2

-) in coronary venous effluent and plasma is based 
on the reaction of O2

- with nitro tetrazolium blue (NBT) to 
form nitroformasan blue (11). 

The determination of H2O2 is based on the oxidation of 
phenol red by a hydrogen peroxide reaction catalyzed by the 
enzyme Horse Radish Peroxidase. With this method, it is 
possible to determine the formation and release of H2O2 
during a time interval of 5-60 minutes (12). 

Statistics 

During the experimental protocol, the parameters of 
interest were monitored at the time of stabilization, as well as 
every five minutes during the thirty-minute reperfusion 
(points marked with 1, 5, 10, 15, 20, 25, 30). All obtained 
results are presented as mean ± standard deviation and are 
presented using graphs created in Microsoft Excel. In order 
to perform adequate comparison between groups and 
subgroups, all points of interest were also presented as 
percentage values in relation to the stabilization point, which 
was 100%. 

RESULTS 

The effects of different phosphocreatine conditioning 
modalities on cardiodynamic parameters and coronary 
flow of isolated heart of rats subjected to acute  
ischemic-reperfusion injury 

Figure 1 shows the absolute values of cardiodynamic 
parameters (dp / dt max, dp / dt min, SLVP, DLVP, HR), as 
well as CF of the control and experimental groups recorded 

every five minutes during thirty-minute reperfusion period 
(points 1, 5, 10, 15, 20, 25, 30). Based on the obtained results, 
it is clear that the values of most of the monitored parameters 
were statistically significantly higher in experimental than in 
the control group. Only the value of DLVP in the control 
group was significantly higher in the first and the fifth minute 
of reperfusion compared to the experimental groups. In the 
group of hearts postconditioned with phosphocreatine, most 
of the monitored parameters were almost constant during the 
reperfusion period, except for SLVP where a decrease was 
observed. Similar results were obtained in perconditioning 
group except in HR where significant decrease during the 
first 5 minutes of reperfusion is observed, but during the re-
maining 25 minutes of reperusion the HR values gradually 
increased. To compare the effects of different models of 
phosphocreatine conditioning on cardiodynamic parameters 
and CF of an isolated rat heart, results were presented also as 
a percentage relative to stabilization (Figure 2). In percondi-
tioning group most of the monitored parameters after thirty 
minutes of reperfusion have values of about 90% of the val-
ues recorded before ischemia, except for diastolic pressure 
(73.59%) at which a decrease was observed. More im-
portantly, all values in the perconditioning group were sig-
nificantly higher than the values obtained in the control 
group. 

The effects of different phosphocreatine conditioning 
modalities on oxidative stress parameters of isolated 
heart of rats subjected to acute ischemic-reperfusion  
injury 

Concentrations of prooxidants such as O2
-, NO2

-, H2O2 
and TBARS were determined from coronary venous effluent 
collected at stabilization time (S), as well as every five 
minutes during thirty-minute reperfusion (points marked 1, 
5, 10, 15, 20, 25, 30). However, three points of interest were 
considered for data analysis: the 1st, 5th, and 30th minute of 
reperfusion. Figure 3 shows the absolute values of these 
prooxidants during the ex vivo experiments. Based on these 
results it can be noticed that O2

- and TBARS values were sig-
nificantly higher, while NO2

- was significantly lower in the 
control group, compared to experimental groups during the 
first minutes of reperfusion. On the other hand, at the end of 
reperfusion only TBARS remained higher in the control com-
pared to the examined groups. Also, on this graph it is clear 
that the use of 0.2 mmol/l phosphocreatine after ischemia sig-
nificantly increased the values of O2

- and H2O2, compared to 
the group in which this agent was used during ischemia 
(perconditioning). Furthermore, Figure 4 shows the values in 
all points of interest expressed as a percentage through stabi-
lization values of 100%. Both tested phosphocreatine condi-
tioning maneuvers at a concentration of 0.2 mmol/l showed 
potential in reducing prooxidation parameters, especially O2

-

, H2O2, and NO2
-. Namely, these graphs show that postcondi-

tioning with phosphocreatine led to significant fluctuations 
in O2

- levels during reperfusion (67.08% in the first minute 
and 114.43% in the last minute of reperfusion), while the val-
ues of other measured prooxidants remained unchanged dur-
ing the whole experimental protocol. On the other hand, use 
of phosphocreatine during the first five minutes of ischemia 
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significantly prevented fluctuations in monitored prooxi-
dants, except for O2

- levels which, after thirty minutes of 
reperfusion, were 27.47% higher than those measured at the 
time of stabilization. 

 

 

Figure 1. Cardiodynamic parameters and coronary flow of the control (CTRL),  
postconditioning (Post) and perconditioning (Per) groups of rats, presented as absolute values  

(mean ± standard deviation) recorded every five minutes during the 30-minute reperfusion period.  
Interrupted line – control group, gray line – postconditioning group, black line – perconditioning group. 
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Figure 2. Values of cardiodynamic parameters and coronary flow of the control group  
and groups whose isolated hearts were subjected to different modalities of phosphocreatine  

conditioning expressed as a percentage of the stabilization point of 100%. 
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Figure 3. Oxidative stress parameters of the control (CTRL), postconditioning (Post)  
and perconditioning (Per) groups of rats, presented as absolute values (mean ± standard deviation)  

recorded every five minutes during the 30-minute reperfusion period. Interrupted line – control group,  
gray line – postconditioning group, black line – perconditioning group. 

 

Figure 4. Values of oxidative stress parameters of the control group and groups  
whose isolated hearts were subjected to different modalities of phosphocreatine conditioning  

expressed as a percentage of the stabilization point of 100%. 
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DISSCUSSION 

In the period of ischemia, anaerobic metabolism is of a 
crucial importance in energy delivery to the heart and preser-
vation of myocardial viability, while rapid energy depletion 
worsens I/R injury (13-16). Therefore, we hypothesized that 
the use of phosphocreatine after, or during ischemia itself 
could be a crucial step in alleviating I/R-induced heart dam-
age, especially because phosphocreatine is first consumed in 
ischemia. 

Postconditioning attracts a lot of attention from scientists 
who have done a lot over the years to prove that the model 
used in preconditioning can be applied to postconditioning 
(17). Time stands out as a very important factor because only 
agents applied in early reperfusion have the potential to pro-
tect tissue while a more significant effect cannot be achieved 
5-10 minutes after. These allegations are completely logical 
because the applied agents at this moment prevent the occur-
rence of further damage, but without affecting the already 
caused damage (18-20). Our results showed that phosphocre-
atine administered immediately after ischemia decreased 
fluctuations of cardiodynamic parameters during reperfusion. 
Similar results were obtained in a previous study, which ex-
amined the postconditioning effect of phosphocreatine (200 
mg/kg through the femoral artery) on a model of ischemia 
induced by left anterior descending artery blockage for 30 
minutes, followed by reperfusion for 120 minutes. The re-
sults showed that the use of this agent can reduce the serum 
level of creatine kinase and lactate dehydrogenase, which is 
an indicator of the protective role of phosphocreatine on dam-
aged myocardium (7). 

During the years, researchers have been trying to find out 
whether changes in the myocardium occur predominantly un-
der the influence of ischemia or during the reperfusion. Since 
numerous pathophysiological processes occur in ischemia, it 
is hypothesized that better effects would be expected if man-
agement starts before or during ischemia (21, 22). Having in 
mind the pathological events that occurred in ischemia, we 
wanted to examine whether the exogenous use of phospho-
creatine as a high-energy compound can prevent heart dam-
age and whether its use during ischemia is more beneficial 
than in reperfusion, after ischemia. In our study, it was ob-
served that acute application of phosphocreatine in ischemia 
shows a tendency to keep the values of cardiodynamic pa-
rameters unchanged during the entire reperfusion period. The 
changes observed were mild and reversible and did not affect 
cardiac output. Although both tested modalities of condition-
ing the isolated heart of rats with phosphocreatine at a con-
centration of 0.2 mmol/l showed that this agent preserves 
heart function during ischemic-reperfusion injury, it is unde-
niable that phosphocreatine showed better effect if used dur-
ing ischemia, as a perconditioning agent.  

The creatine kinase system acts as an energy buffer for 
the rapid regeneration of ATP when energy demand becomes 
greater than supply as occurs during ischemia (23). Our study 
showed that acute application of phosphocreatine, i.e. direct 

delivery of energy sources significantly contributes to the 
functional recovery of the myocardium in ischemic condi-
tions. Since reperfusion leads to the return of phosphocrea-
tine and gradual recovery of the heart, it is of great im-
portance to restore phosphocreatine reserves and to establish 
ionic homeostasis. In this way, myocardial damage will be 
prevented (6). Phosphocreatine, due to its extreme polarity, 
cannot pass through the membrane by passive transport, so 
the potential to stabilize the membrane stands out as one of 
its key beneficial effects that is very important for I/R injury 
(24, 25). 

It is also important to note that one of the crucial factors 
contributing to heart damage in reperfusion is oxidative stress 
(14). The danger of prooxidant accumulation arises not only 
from the potential to cause direct damage to cellular struc-
tures, but also from the ability to induce secondary ROS re-
lease by activating immune cells and disrupting mitochon-
drial function (26-32). It is also very important that cardio-
myocyte death during I/R injury occurs due to changes in the 
extent of mitochondrial metabolism, which is also associated 
with excessive ROS production (29). For this reason, the 
question arises as to whether the use this agent during reper-
fusion can protect the myocardium and reduce the rate of 
damage. In this regard, we also wanted to examine the effects 
of phosphocreatine in a model of perconditioning and post-
conditioning on cardiac status by measuring oxidative stress 
parameters in coronary venous effluent. 

Postconditioning with phosphocreatine in our study pre-
vented an increase in the measured prooxidants, which sig-
nificantly protects the heart from oxidative damage in I/R. 
Namely, under the influence of NADPH oxidase-NOX pre-
sent in heart cells, a large amount of prooxidants forms. Dur-
ing the reperfusion process, neutrophils in which the NOX 
enzyme is present are activated. This enzyme catalyzes the 
reduction of O2 with NADPH as an electron source, resulting 
in toxic reactive oxygen species O2

-. The formation of ROS 
seriously contributes to heart damage, as well as loss of func-
tional and structural characteristics of the heart. These find-
ings have been confirmed in both animal and human I/R my-
ocardial models and are consistent with our results in the con-
trol group of animals (14, 30). Also, perconditioning with 
phosphocreatine prevented an increase in most of the meas-
ured prooxidants in reperfusion and our results have shown 
that phosphocreatine has potential to improve redox signal-
ing after ischemia. 

CONCLUSION 

Acute application of phosphocreatine during the period of 
ischemia or during period of reperfusion, leads to the mainte-
nance of cardiodynamic parameters, which clearly shows the 
beneficial effect of this agent in conditioning models. Also, 
perconditioning and postconditioning with phosphocreatine 
prevents the rise of most of the measured proxidants during 
the reperfusion period. Given all the results obtained in this 
study as well as the previously mentioned studies indicating 
the potential of phosphocreatine to maintain ATP levels in 

117



ischemia, this substance should be nominated as potentially 
cardioprotective and possibly with a better effect in percon-
ditioning than preconditioning. 
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ABSTRACT 

Cryptorchism is a congenital anomaly of male genitalia, and 
is defined as a disorder of lowering testicles into the scrotum. In 
our study, the quality of sperm and fertility of men who were ope-
rated from unilateral or bilateral cryptorchism in childhood were 
analyzed. According to the age in which they were operated, pa-
tients were classified into different time groups, subjected to clini-
cal examination and sperm analysis. A normal sperm count was 
found: 36.9% of the total number of patients operated from unila-
teral to bilateral cryptorchism. The highest percentage of normal 
sperm counts was 73.97%: the data which was found in the group 
that was operated from one-sided cryptorchism to the end of the 
second year of life. Regardless of the age of the cryptorchism o-
peration, it is possible to expect a disorder of spermatogenesis. 

 
Keywords: cryptorchism, sperm count, fertility, orchidopexy. 
  

121



INTRODUCTION

Cryptorchism is defined as the incomplete descent of one 
or both testicles from the abdominal cavity through the ingui-
nal channel into the scrotum. It is a multifactorial etiological 
abnormality that affects 1-1.8% of male neonates (1). It can 
be considered to be associated with infertility and testicular 
cancer (2). In order to reduce these correlations, it is neces-
sary to set and correct testicles in the scrotum (2, 3). [Supple-
mentary Concept], Estrogen Replacement Therapy, Or-
chiopexy 

 It is not known when the ideal age of surgical treatment 
is and which the ideal therapy is (4). However, several studies 
have shown that as soon as possible, patients should start 
treatment because they have an improved spermatogenesis 
(3, 5). 

Damage to the cells may be of secondary origin due to 
abnormal testicular position. These lesions are basically char-
acterized by a progressive decrease in the number of cells and 
in the size of the tubular space with peritubular fibrosis and 
hyalinization, resulting in a reduction in the number of 
Leydig cells. These changes can affect the production of sex 
hormones that cause testicles atrophy with subsequent infer-
tility (6, 7, 8). Therefore, the level of testicles and hormone 
levels is associated with maintaining spermatogenesis, and is 
considered indirect consequences for fertility (9, 10, 11). But, 
it is possible that the undescended testicle in the scrotum is 
indirectly related to atrophy (12, 13, 14, 15). 

The surgery is recommended to be performed within 15-
18 months, since cell loss is very rare and loss of germinal 
cells is associated with a subsequent risk of infertility (16, 17, 
18).  

 

MATERIALS AND METHODS

In our research, we analyzed a total of 84 men who had 
the operation of unilateral or bilateral cryptorchism at differ-
ent times of their youth. Of the total of 84 patients, 46 were 
unilateral and 38 subjects had bilateral cryptorchism. We 
grouped them into three groups: a group of patients operated 
by the end of the second year of life (1), a group of patients 
operated from the second to the end of the seventh year (2), 
and a group operated seven years after (3). All patients gave 
three samples of spermograms, and all samples were made in 
the same laboratory. 

In the period from February 2016 to the end of April 2017 
the sperm analyses were carried out at the Institute for Health 
Care of the Medical Center in Krusevac. In all patients, three 
samples of sperm counts were taken, and a sample of the 
highest quality was analyzed. All samples were made in the 
same laboratory. Seed samples of patients tested for cryptor-
chism were taken by masturbation after 3 to 5 days of sexual 
abstinence and tested for 30 minutes at 37S. The concentra-
tion and mobility of the number of sperm counts are esti-
mated according to the WHO recommendation. Samples are 
grouped into four groups: Normal finding, oligospermia 
(<20x106/ml), severe oligospermia (<5 x106/ml) and azoo-
spermia. 

Only a case of unilateral and bilateral cryptorchism is a-
nalyzed without analysis of family history (anomalies of the 
urogenital tract in the family, diseases and specific conditions 
of parents that can have an effect, for example, on mothers 
with diabetes, premature birth, weight of preoperative testis 
status such as atrophic testicles, use of hormonal gonadotro-
pins, hernias, hypospadias, postoperative complications that 
may affect the number of spermatozoa and fertility estima-
tion in men after operated cryptorchism). The test was 
conducted in accordance with the ethical principles of clini-
cal trial on humans under the Helsinki Declaration and appro-
ved by the local ethics committee. 

The obtained results are expressed as the mean±SD. In 
order to test the statistical significance of the results, we used 
Student's t-test and Pearson's correlation coefficient. Data 
processing is done using the Microsoft Office Excel 2003 
software package in the Windows XP Professional Professi-
onal environment. 

REZULTS  

A normal finding of sperm count was found in 31 (36.9%) 
patients of a total of 84. The largest number of normal sperm 
count findings was found in patients operated from one-sided 
cryptorchism in the period up to the end of the second year 
of life. Oligospermia was found in 23 (28.5%) subjects, while 
heavy oligospermia was found in 14 (21.4%) patients oper-
ated by cryptorchism. 

 

Azoospermia was found out in 11(13.09%) of a total of 
84 subjects. In terms of age groups and cryptorchid side, a 
normal finding of sperm count is the most common in pa-
tients operated from one-sided cryptorchism until the end of 
the second year of life (73.9%) (Table 1). 
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Table 1. Normal sperm count 

Age 
group 

Nº cryptorchism Normal sprmogram % normal Spermogram 

 U           B          ∑ U           B           ∑ U          B          ∑ U           B           ∑ 

0-2 23         16        39 17           7           24 73.9     43.7     61.5  36.9    18.4      28.5 
2-7 14         14        28 3             2             5 21.4     14.2     17.8  6.52     5.26       5.9 
< 7 9           8        17 2             0             2 22.2       0       11.7  4.34        0       2.38 
Total 46         38        84 22           9           31 47.8      32.6    36.9  47.8    23.6      36.9 

 
U-unilateral; B- bilateral; ∑-total 

 

Table 2.  Test variables in the first step (Step 1): year; one-sided-both sided 

Step 1              B                   S.E.                   Wald                   df                   Sig.             Exp(B)   

Year               .038              .012                10.208                1                   .001         1.039 

------------------------------------------------------------------------------------------------------------ 

Unilateral                               .542                   4.923                   1                     .026           3.325     

Bilateral          1.202    

Constant        2.578            .901                8.195                  1                   .004         .076 

B= coefficients; S.E.- standard error coefficients;  

Wald (the significance of the coefficient in the model); Sig. (p=); Exp (B)= eB 

 

Using the t-test, there is a statistically significant differ-
ence between the first and second groups (p=0.001), between 
the first and third groups (p=0.008), and between the first and 
fourth groups (p=0.014). 

The highest percentage of normal sperm was 73.9% in an 
age group operated by one-sided cryptorchism until the end 
of the second year of life. In the case of surgeries with one-
sided cryptorchism, we have twice more normal findings 
than in both cases (22 to 9). 

The normal finding of sperm count is the most common 
in the age group operated by the end of the second year of 
life. It amounts to 43.77%, while in other age groups we have 
a very declining percentage of normal sperm finding in pa-
tients operated by bilateral cryptorchism (14.2% 0%). 

 

There is a statistically significant difference (p=0.018) in 
the appearance of normal levels of spermatozoa in patients 
treated with single or double cryptorchism. Binary Logistic 
Regression examines the dependence of the findings (nor-
mal-abnormal) from the time when the operation of a single-
sided or double cryptorchism was performed. Finding de-
pends on age (p=0.001), and whether cryptorchism is one-
sided or double-sided (p=0.026) (Table 2). 

If the age is increased by one month, the risk that the find-
ing does not occur normally increases by 3.9%. If cryptor-
chism is two-sided, the risk of finding outcomes increases by 
3.32 times in relation to unilateral cryptorchism. 
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DISCUSSION 

Infertility, due to its frequency, is not only the problem of 
marital partners, but of the entire society (19, 20). Looking at 
the age groups and the side of cryptorchism, the normal fin-
ding of spermograms is most common in patients with unila-
teral cryptorchism by the end of the second year of life 
(73.9%) (Table 1) (21, 22, 23).  

On the 46 operations 22 (47.8%) of the subjects had a 
normal spermogram. On the 38 operations on both sides of 
cryptorchism 9 of the subjects (23.6%) had a normal sper-
mogram. Cryptorchism occurs in about 4% of boys, which 
leads to a fall of testis from the abdominal cavity to the scro-
tum. 

Infertility is due to damage of the epithelial epithelium 
caused by elevated temperature in the abdominal cavity. In 
cryptorchism, the disturbed function of the testicle can cause 
hormonal disorders. The level of hormone disorder is an indi-
cator of damaged testes and can be used as a prognostic factor 
(24, 25, 26, 27). 

The disorder of spermatogenesis is much more severe in 
patients with bilateral cryptorchidism compared to one-sided 
(24). The reason is the poor quality of sperm as well as per-
manent tubular damage in infertile men who have probably 
been operated in correlation with the time in which the surgi-
cal correction was performed (28).  

Sperm parameters are often disrupted in patients with a 
history of cryptorchism (29). Boys older than 8 months have 
a low spermatogenic index, which indicates that surgery 
should be done before that time (22). 

CONCLUSION 

Cryptorchism leads to damage of spermatogenesis, as the 
loss of Leydig cells leads to sterility.  The damage of sper-
matogenesis is more pronounced in patients with bilateral 
than in one-sided cryptorchism. Therefore, surgical treatment 
should be done earlier. 
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ABSTRACT 

The primary aim of this retrospective study was to estimate signif-
icance of determining C-reactive protein and procalcitonin for a 
diagnosis of sepsis in adult patients in early triage. Also, the aim 
of this study was to measure the sensitivity of the SIRS criteria, 
PCT and CRP levels and sepsis definitions to identify the most 
serious sepsis cases in the prehospital setting and at the Emer-
gency Department (ED) triage. All patients were divided into two 
groups according to specific criteria for defining sepsis. First 
group (SIRS+ group) of patients were patients with clinically 
and/or laboratory confirmed sepsis (or systemic inflammatory re-
sponse syndrome (SIRS) to bacterial infection with different local-
ization). For confirmation of the SIRS we consider positive two or 
more clinical criteria (≥2 clinical criteria). The SIRS criteria use 
the clinical criteria of the Surviving Sepsis Campaign (SSC) for 
the SIRS, comprising at least two of the following criteria: HR > 
90/min, RR > 20/min and temperature < 36° or ≥ 38.3°C and the 
next laboratory parameters such as leucocytosis > 15x109/L, leu-
copenia < 4x109/L, > 10% immature leucocytes. Second group 
of patients were patients with the SIRS negative criteria as a di-
agnostic tool (SIRS- group). We have founded that the CRP 
showed high sensitivity but no specificity in patients with sepsis, 
but on the other side, the PCT as a diagnostic marker showed a 
high sensitivity and high specificity in these patients. Also, the 
PCT is in positive correlation with the SIRS criteria, which could 
be of a clinical significance in early diagnosis of septic infections. 
 
Keywords: sepsis, C-reactive protein, procalcitonin, early  
diagnostic markers. 
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INTRODUCTION 

Patients hospitalized in the Intensive Care Units have a 
high risk of developing different complications. Infection is 
one of the most common and most serious complications. In-
fection is defined as “a pathologic process caused by the in-
vasion of normally sterile tissue or fluid or body cavity by 
pathogenic or potentially pathogenic microorganisms” (1, 2). 

In critically ill patients the intensity of infections is diffi-
cult to estimate especially in the initial stages of the disease. 
The diversity of a clinical picture of the underlying disease 
can often lead to an altered clinical presentation of the infec-
tion.  In some cases, infection can be associated with an in-
adequate or inappropriate host response, and when this re-
sults in the development of organ dysfunction, the term “sep-
sis” is used (2, 3). Because of the complexity of reactions that 
are simultaneously triggered in the body and at various levels 
of homeostatic mechanisms of sepsis in patients, the intensity 
of the infection itself may vary from local infection to the 
development of sepsis with multiple organ failure (MOF)  
(4-7). 

The incidence of sepsis is increasing at global level. Ap-
proximately 2% of hospitalized patients are under suspicion 
of sepsis. At the same time, the mortality rate remains high 
despite current progress in understanding pathophysiological 
mechanisms, diagnosis and therapy (8, 9). Sepsis and its var-
ious adverse sequelae, such as septic shock, the Acute Res-
piratory Distress Syndrome (ARDS), and Multiple Organ 
Dysfunction (MODS) continue to be among the most com-
mon causes of death in the non-coronary Intensive Care Unit 
(10).  

For the past thirty years, a great deal of attention has been 
paid to the concept of sepsis as better as possible, to deter-
mine clinical and laboratory parameters for its rapid diagno-
sis and to improve the treatment of sepsis. 

The importance of rapid identification of a patient with a 
suspicion on sepsis as well as the microorganisms of causa-
tive agents of severe infections is a crucial for the patient sur-
vival and a choice of antibiotic therapy (11). Guidelines for 
sepsis therapy are recommended by intravenous the use of 
wide-spectrum antibiotics within 1 h of the recognition of se-
vere sepsis and septic shock. The delay in antibiotic therapy 
is associated with a significant increase in mortality (12). 

In addition to the recommended clinical tests in the rapid 
identification of septic patients, with hemocultures that rep-
resent the “gold standard”, numerous biomarkers from the 
blood and body fluids of the patient are used. An inflamma-
tory markers, such as leukocyte (white blood cells - WBC) 
count in complete blood picture, C-reactive protein (CRP), 
and procalcitonin (PCT), have been applied in the diagnosis 
of the inflammation and infection. 

White blood cells (WBC) or leucocytes produce, 
transport and distribute antibodies as a part of the human 

immune system response. Normal values of white blood cells 
are 4-10x109 in adult. Number of leukocytes is an unspecified 
and insensitive indicator, but if it is elevated it can indicate 
the occurrence of a local or systemic infection (12, 13). Neu-
trophils and monocytes are also activated during sepsis. A 
poor prognosis is associated with lower expression of activa-
tion markers on monocytes and neutrophils, which indicates 
that poor outcome in these patients is due to a compensatory 
anti-inflammatory response (14). 

In physiological conditions, the PCT concentrations are 
low (<0.15 ng/ml). Cytokines caused by the infection pro-
mote the production of extrathyroide by increasing the PCT 
level after 3-4 hours and reaching maximum values after 6 h. 
This level is maintained for the next 24-48 h. PCT is less than 
0.5 ng/ml, indicating localized bacterial infection. Values of 
0.5-2 ng/ml for the possible systemic infection. Values of 2-
10 ng/ml and more for the safe systemic infection (15). PCT 
is a good marker of the bacterial infection in patients with 
systemic autoimmune diseases, even when they are being 
treated with corticosteroids and immunosuppressive agents.  
In such patients they rarely exceed the limit of 5 ng/ml (15).   

The primary aim of this retrospective study was to esti-
mate significance of determining C-reactive protein and pro-
calcitonin for the diagnosis of sepsis in adult patients in early 
triage. Also, the aim of this study was to measure the sensi-
tivity of the SIRS criteria, PCT and CRP levels and sepsis 
definitions to identify the most serious sepsis cases in the pre-
hospital setting and at the Emergency Department (ED) tri-
age. 

PATIENTS AND METHODS 

Study design and setting  

This retrospective cross sectional clinical study included 
55 patients which were admitted between May 2018 and Au-
gust 2018 in the Health Center Valjevo in Serbia. This study 
was performed under the Good Clinical Practice guidelines 
and according to the Declaration of Helsinki.  

Population and data sources  

All patients with age above 18 and suspected or proven 
infection were included. Patients <18 years old, prisoners, 
pregnant women, patients in cardio-respiratory arrest, severe 
trauma victims, malignancies and epileptic seizure cases 
were excluded.  

All patients were divided into two groups according to 
specific criteria for defining sepsis. First group (SIRS+ 
group) of patients were patients with clinically and/or labor-
atory confirmed sepsis (or systemic inflammatory response 
syndrome (SIRS) to bacterial infection with different locali-
zation). For confirmation of the SIRS we consider positive 
two or more clinical criteria (≥2 clinical criteria). The SIRS 
criteria use the clinical criteria of the Surviving Sepsis Cam-
paign (SSC) for SIRS (16), comprising at least two of the fol-
lowing criteria: HR > 90/min, RR > 20/min and temperature 
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<36° or ≥ 38.3°C and the next laboratory parameters such as 
leucocytosis > 15x109/L, leucopenia < 4x109/L, > 10% im-
mature leucocytes. Second group of patients were patients 
with the SIRS negative criteria as a diagnostic tool (SIRS- 
group).  

During the period of three months, we observed the an-
amnestic and clinical data from medical history such as de-
mographic characteristics (sex, age), comorbidities and pre-
vious diseases, reason of hospitalization, levels of procalci-
tonin and C reactive protein in serum samples, biological 
characteristics (laboratory values, microbiological data of 
blood and urine samples), therapy interventions (surgical in-
tervention), as well as the SIRS criteria (positive or negative) 
and outcome for each patient. 

 Statistical analysis 

Simple descriptive statistics were used to analyze popu-
lation characteristics. We described data using percentages or 
medians with the Interquartile Range (IQR). To evaluate the 
differences between means we used Mann Whitney (Z test) 
and Spearman correlation (Rho coefficient) to evaluate asso-
ciations between categorical and continual variables. Sensi-
tivities, specifies (ROC curve), medians, averages and per-
centages were calculated using the SPSS 22.0, statistical soft-
ware.  

RESULTS  

Demograhic characteristics of study population 

In all, 34 (61.8%) patients were male, the mean age was 
67.18±1.95 years (range: 31-90), and 29 (52.7%) were se-
lected for surgical intervention (Table 1). Following the SIRS 
criteria, 42 (76.36%) patients were classified in the SIRS+ 
group and 13 (23.64%) in the SIRS- group (Table 1). 

Hemoculture test was positive in 24 cases in SIRS+ group 
and in 2 cases in SIRS negative group. Urine culture test was 
positive in 16 patients in SIRS+ positive group and in 2 pa-
tients in SIRS- group (Table 1). Also, negative outcome was 
present in 21 patients in SIRS+ group (Table 1).

Table 1. Study group characteristics 

 
All patients SIRS+ group SIRS- group 

N (cases) 55 (100%) 42 (76.36%) 13 (23.64%) 

Sex * 
M 34 (61.8%) 
F 21 (38.2%) 

M 24 (57.14 %) 
F 18 (45.86%) 

M 10 (76.9%) 
F 3 (23.1%) 

Mean age (years) 67.17±1.95 68.48±2.05 65.85±5.14 

Surgical interven-
tion 

No 29 (52.7%) 
Yes 26 (47.3%) 

No 26 (61.9%) 
Yes 16 (38.1%) 

No 3 (23.07%) 
Yes 10 (76.93%) 

Hemoculture test 
No 29 (52.7%) 
Yes 26 (47.3%) 

No 18 (42.85%) 
Yes 24 (57.15%) 

No 11 (84.6%) 
Yes 2 (15.4%) 

Urine Culture Test 
No 37 (67.3%) 
Yes 18 (32.7%) 

No 26 (61.9%) 
Yes 16 (38.1%) 

No 11 (84.6%) 
Yes 2 (15.4%) 

Outcomes (Mortal-
ity) 

No 34 (61.8%) 
Yes 21 (38.2%) 

No 21 (50%) 
Yes 21 (50%) 

No 13 (100%) 
Yes 0 (0%) 

 

According to the localization of infection, in all patients 
gastrointestinal tracts is the most common with 26 (47.27%) 
patients. In SIRS+ group is 17 patients (40.47%) and SIRS- 
9 (69%) patients the cause of gastrointestinal tract infections. 
Respiratory infection was present in 9 (16.36%) patients 
where 8 (19.36%) in SIRS+ group and 1 in SIRS-group 

(Table 2). Genito-urinary, Skin/Joint and Central nervous 
system represented by 3 (5.45%) patients. 1 patient in genito-
urinary tract in SIRS- group. Other in SIRS+ genito-urinary 
2 (5.45%), Skin/Joint 3 (7.14%) and Central nervous system 
3 (7.14%) patients. Also, 2 patients (4.76%) unknown focus 
of infection in SIRS+ group 4.76%.
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Table 2. Focus of infection in study population 

Focus of infection All patients SIRS+ group SIRS- group 
N (cases) 55 (100%) 42 (76.36%) 13 (23.64%) 
Respiratory (%) 9 (16.36%) 8 (19.04%) 1 (7.69%) 
Genito-urinary (%) 3 (5.45%) 2 (4.76%) 1 (7.69%) 
Gastrointestinal (%) 26 (47.27%) 17 (40.47%) 9 (69.23%) 
Skin/joint (%) 3 (5.45%) 3 (7.14%) 0 (%) 
Central nervous system (%) 3 (5.45%) 3 (7.14%) 0 (%) 
Cardiovascular (%) 9 (16.36%) 7 (16.66%) 2 (15.38%) 
Unknown (%) 2 (9.09%) 2 (4.76%) 0 (%) 

 

Sensitivity of C reactive protein in SIRS+  
and SIRS-  groups 

Mean value of the CRP in SIRS+ was 166.386 mg/dL and 
in SIRS- group was 136.21 mg/dl. Levels of the CRP in 
SIRS+ and SIRS- groups were very similar and without a sta-
tistically significant difference (p= 0.276) (Figure 1) but with 
slightly higher levels of this diagnostic marker in a group of 
patients with positive criteria for the systemic inflammatory 
response syndrome. Furthermore, we evaluated the sensitiv-
ity of the CRP in diagnosing sepsis by statistical methods 
(Figure 2). The area under ROC curve for C-reactive protein 
was 0.516. Cut-off value for C reactive protein was 1.685 
mg/dl (sensitivity 96.2%, specificity 100.0%) (Figure 2). 

Figure 1. Levels of CRP (mg/dl) in  
all groups of patients 

 

Values are presented as mean±standard deviations.  
Asterisks (*) presents statistical significant differences 

(p<0.05) between means in SIRS+ and SIRS- groups con-
firmed by Mann Whitney test Z test. 

 

 

 

 

 

Figure 2. ROC curve for CRP 

 

Sensitivity of procalcitonin in SIRS+  
and SIRS- groups 

Mean value of the PCT in SIRS+ was 76.489 ng/mL and 
in SIRS- group was 2.085 ng/ml. Levels of the PCT in SIRS+ 
and SIRS- groups were different and with a statistical signif-
icant difference (p= 0.023) (Figure 3). Values of the PCT was 
significantly higher in group of patients with positive criteria 
for systemic inflammatory response syndrome. Also, we 
evaluated the sensitivity of the PCT in diagnosing of sepsis 
by statistical methods (Figure 4). The area under ROC curve 
for procalcitonin was 0.590. Cut-off value for PCT was 0.060 
mg/dl (sensitivity 92.3%, specificity 82.7%) (Figure 4). 

 

 

 

 

 

130



Figure 3. Levels of the PCT (ng/ml)  
in all groups of patients 

 

Values are presented as mean±standard deviations. Aster-
isks (*) presents statistical significant differences (p<0.05) 
between means in SIRS+ and SIRS- groups confirmed by 

Mann Whitney test Z test. 

 

Figure 4. ROC curve for the PCT 

 

Correlation between CRP and PCT in study population 

Procalcitonin and C reactive protein are in moderate positive correlation (p=0.024, Rho=0.305) in study group. Separately, 
the CRP was not in association with theSIRS criteria (p=0.280, Rho=0.148) while  levels of the PCT were in moderate 
positive correlation with SIRS criteria (p=0.021, Rho=0.310) in study group (Table 3).  

Table 3. Correlation between diagnostic parameters and SIRS tools in patients with and without sepsis.  
Results are presented as p values (p) and Spearman correlation coefficient (Rho). 

 
 

DISCUSSION 

The primary aim of this retrospective study was to esti-
mate significance of determining C-reactive protein and pro-
calcitonin for the  diagnosis of sepsis in adult patients in early 
triage. Also, the aim of this study was to measure the sensi-
tivity of the SIRS criteria, PCT and CRP levels and sepsis 
definitions to identify the most serious sepsis cases in the pre-
hospital setting and at the Emergency Department (ED) tri-
age. 

C-reactive protein (CRP) is an acute-phase reactant, syn-
thesized by the liver and adipocytes mainly in response to IL-
6. IL-6 is a cytokine that generates an initial response to in-
jury or infection; its levels rise significantly during early sep-
sis, and therefore it is used to diagnose sepsis and predict the 
outcome of the patient’s treatment (17). Synthesis of C-reac-
tive protein begins in hepatocytes. After a latent period of 
about 6h, the serum level is doubled every 8h, and the highest 
concentration reaches 36-48h from the duration of the in-
flammatory process. When administered with an adequate 
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antibiotic therapy, the CRP decreases in the first two days to 
50%. The normal C-reactive protein serum concentration is 
0.8 mg/l. The level above this value indicates abnormalities 
and indicates a disease (12). 

In our study, mean value of the CRP in SIRS + was 
166.386 mg/dL and in SIRS- group was 136.21 mg/dl. Levels 
of the CRP in SIRS+ and SIRS- groups were very similar and 
without a statistically significant difference (p=0.276) (Fig-
ure 1) but with slightly higher levels of this diagnostic marker 
in group of patients with positive criteria for systemic inflam-
matory response syndrome. Furthermore, we evaluated the 
sensitivity of CRP in diagnosing of sepsis by statistical meth-
ods (Figure 2). The area under ROC curve for C-reactive pro-
tein was 0.516. Cut-off value for C reactive protein was 1.685 
mg/dl (sensitivity 96.2%, specificity 100.0%) (Figure 2).  

Meta analyses conducted by Shabuj et al, evaluated a role 
of the CRP as prognostic factors in neonatal sepsis. Meta-
analysis showed that the CRP had a moderate accuracy 
(AUC=0.8535) for the diagnosis of NS. CRP is a helpful bi-
omarker for diagnosis of NS. However, authors should com-
bine the results with clinical symptoms and signs, laboratory 
and microbial results (18). On the other hand, Ticinesi et al 
measured the CRP in geriatric patients hospitalized for acute 
infection. C-reactive protein (CRP) is the most used bi-
omarker of inflammation, and a substantial amount of the ref-
erence has demonstrated its importance and clinical useful-
ness in adult subjects. They concluded that the CRP dosage 
at hospital admission is helpful to detect acute infection, and 
particularly sepsis, in geriatric patients, and that CRP eleva-
tion may provide valuable short-term prognostic information. 
Also, at the current state of art, serial CRP measurements are 
instead not indicated to monitor disease course and plan hos-
pital discharge in this setting (19).  

Definitely, the clinical significance of serum CRP deter-
mination has not been completely clarified in older subjects 
with an acute infection, especially in the light of the age-re-
lated rearrangements in immunity and cytokine production. 

Procalcitonin (PCT) is considered a relatively innovative 
and highly specific biomarker for the diagnosis of clinically 
relevant bacterial infections and sepsis; therefore it is increas-
ingly recognized as an important diagnostic tool in clinical 
practice (20, 21). Procalcitonin is a prohormone calcitonine 
with secretory protein properties, which, in normal metabolic 
conditions, is only produced in C cells of the thyroid gland. 
After proteolytic digestion, only hormone activated calci-
tonin is secreted. For this reason, the blood of healthy people 
has the level of PCT very low or immeasurable (22). In pa-
tients with bacterial infection in the blood, high concentra-
tions of intact PCT were detected. High circulation levels of 
PCT do not flow from the thyroid gland. An increased PCT 
concentration in patients with infection is secreted in the ex-
tratiroide tissue, they are the predominantly macrophage-
monocytic system of various organs particularly lungs, liver 
and intestinal tract (23). 

Furthermore, in our study mean value of the PCT in 
SIRS+ was 76.489 ng/mL and in SIRS- group was 2.085 
ng/ml. Levels of the PCT in SIRS+ and SIRS- groups were 
different and with a statistically significant difference 
(p=0.023) (Figure 3). Values of the PCT was significantly 
higher in the group of patients with positive criteria for the 
systemic inflammatory response syndrome. Also, we evalu-
ated the sensitivity of PCT in diagnosing of sepsis by statis-
tical methods (Figure 4). The area under ROC curve for pro-
calcitonin was 0.590. Cut-off value for PCT was 0.060 mg/dl 
(sensitivity 92.3%, specificity 82.7%) (Figure 4).  

Prompt and accurate diagnosis of sepsis is of the high im-
portance for clinicians. Procalcitonin (PCT) and C-reactive 
protein (CRP) have been proposed as markers for this pur-
pose. Beqja-Lika et al examined the serum PCT levels in di-
agnosing of sepsis as an early diagnostic marker (24). Levels 
of the PCT and CRP were taken from 60 patients with sepsis 
criteria and 39 patients with the SIRS symptoms. Sensitivity, 
specificity and predictive values for the PCT and CRP were 
calculated. They found that PCT and CRP levels were in-
creased in parallel with the severity of the clinical conditions 
of patients. The mean PCT level in patients with sepsis was 
11.28 ng/ml versus 0.272 ng/ml in patients with the SIRS 
symptoms, with a sensitivity of 97.4% and a specificity of 
96.6% for PCT >0.5 ng/ml. The mean CRP level in septic 
patients was 146.58 mg/l vs. 34.4 mg/l in patients with SIRS, 
with a sensitivity of 98.6% for sepsis and a specificity of 75% 
for CRP > 11mg/l. They concluded that the PCT and CRP 
values are useful markers to determine an early diagnosis and 
severity of an infection and the PCT was found to be a more 
accurate diagnostic parameter for differentiating SIRS from 
sepsis and may be helpful in the follow-up of critically ill pa-
tients (24). 

Procalcitonin as a diagnosis and prognosis marker for 
sepsis: Many studies have demonstrated that serum PCT lev-
els are increased in patients with sepsis, and the high levels 
of PCT correlate with the outcome of the disease. PCT can 
be used for differential diagnosis, prognosis, and follow-up 
of critically sick patients.  However, it cannot be recom-
mended as the single definitive test for sepsis diagnosis but 
rather it must be interpreted in context with information from 
clinical data (25, 26). 

 
CONCLUSION 

We can conclude that the CRP showed a high sensitivity 
but no specificity in patients with sepsis, but on the other side, 
the PCT as a diagnostic marker showed high sensitivity and 
high specificity in these patients. Also, the PCT is in positive 
correlation with SIRS criteria, which could be of a clinical 
significance in early diagnosis of septic infections. Further 
the cohort prospective clinical study is necessary to confirm 
our assumptions. 
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ABSTRACT 

Esophageal bleeding is a common complication in patients with 
liver cirrhosis. In thee present study, our aim was to divulge major 
factors predicting esophageal bleeding in Iranian children with 
liver cirrhosis. This was a cross-sectional study including 101 
children < 18 years old referred to the Pediatric Endoscopy Unit 
of Nemazee Teaching Hospital of Shiraz from 2014 until 2016. 
Children with esophageal varices were included. The patients 
were divided into two groups including those with and without 
history of esophageal bleeding. Statistical methods were per-
formed in SPSS 16 software. There were 49 boys and 52 girls. The 
mean age was 7.74±5.26 years old. A history of esophageal bleed-
ing was observed in 53 (52.4%). In univariate analyses, signifi-
cant relationships were found between esophageal bleeding and 
varices size (P=0.001), Child-Pugh score (P=0.01), age of bleed-
ing initiation (P<0.001), serum creatinine (P=0.01), and serum 
sodium (P=0.002). There was no statistically significant differ-
ence in the mean of PELD/MELD score among children with 
(12.34±12) and without (14.61±17.51) history of esophageal 
bleeding (P=0.5). Among various etiologies of cirrhosis, a signif-
icant association was observed between autoimmune hepatitis 
and the history of esophageal bleeding (P=0.01). Regarding the 
clinical importance of esophageal bleedings in children with liver 
cirrhosis, it is recommended to further divulge the risk factors pre-
disposing to this event. 

 
Keywords: esophageal varices, liver cirrhosis, prognosis, risk 
factors, esophageal bleedin.
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INTRODUCTION 

Liver cirrhosis is a late stage of chronic hepatic disorder. 
Cirrhosis is characterized with liver fibrosis and thedevelop-
ment of a dysregulated nodular structure (1). Advanced liver 
fibrosis is seen in many liver diseases and it results from the 
accumulation of extracellular matrix components (e.g. colla-
gen, glycoproteins, and proteoglycans) within hepatocytes 
(2). Cirrhosis can be associated with a wide range of compli-
cations including ascites, encephalopathy and esophageal 
bleeding (3, 4).  

Esophageal bleeding is one of the main complications as-
sociated with high mortality and morbidity rates in children 
with cirrhosis (5, 6). This sequela is the outcome of portal 
hypertension and esophageal varices (7). The overall inci-
dence of esophageal varices has been described in 6% of cir-
rhotic patients (8). Bleeding from esophageal varices has 
been noted in 5-19% of children (5, 6, 9). In patients with 
esophageal varices, the annual risk of esophageal bleeding 
has been reported in 4% increasing to 15% of patients with 
large varices (7). Also, the risk of bleeding has been reported 
in 10-75% of untreated patients (10). The 35-day mortality 
risk following gastrointestinal bleeding has been reported in 
35% of children with esophageal varices (5).   

Esophageal bleeding in children is treated according to 
the protocols available for adults  including pharmaceutical, 
endoscopy and surgical interventions (11). Although beta-
blockers and endoscopic band ligation have been noted as 
prophylactic managements for esophageal bleeding (6, 12), 
these methods have not always been effective and may even 
worsen the condition in some cases (13). Endoscopic band 
ligation has been suggested as a prophylactic intervention in 
children at high risk of esophageal bleeding (9). There is an 
incomplete understanding of risk factors predisposing to 
esophageal bleeding in children with liver cirrhosis. In this 
study, we described the risk factors, clinical and laboratory 
features, as well as endoscopic findings in cirrhotic children 
with esophageal bleeding.  

 

PATIENTS AND METHODS 

This was a cross-sectional study which included children 
<18 years old with liver cirrhosis referred to the Pediatric En-
doscopy Unit of Nemazee Teaching Hospital affiliated with 
Shiraz University of Medical Sciences from 2014 until 2016. 
The children were evaluated for possible esophageal varices 
and those without esophageal varices in endoscopy examina-
tion were excluded from the study. Finally, 101 children with 
liver cirrhosis and esophageal varices were analyzed.  

The patients were divided into two groups - those with 
and without history of esophageal bleeding.  

Demographic data including age, sex, duration and etiol-
ogy of liver cirrhosis, age of the first bleeding episode, 

history of encephalopathy and ascites and other paraclinical 
information (albumin, bilirubin, liver enzymes, creatinine, 
platelet, and sodium) were recorded. The PELD/MELD and 
Child-Pugh score were also determined.  

Esophageal varices were categorized based on their sizes 
to small, medium, and large groups according to the classifi-
cation described previously (14). In patients with multiple-
size varices, the size of the largest one was considered. Fur-
thermore, the presence of vessels on vessel, red spots, gastric 
varices and hypertensive gastropathy were sought in endos-
copy.  

Statistical methods were performed in SPSS 16 software. 
Nominal variables were described by frequencies and their 
relationships with each other were checked by Chi-square 
test. The distribution of quantitative variables was checked 
by Kolmogorov-Smirnov test. Mann-Whitney U test and in-
dependent sample student t-test were used as non-parametric 
and parametric tests for comparing mean values of quantita-
tive variables between the study groups.    

RESULTS 

101 children <18 years old including 49 boys and 52 girls 
with liver cirrhosis and esophageal varices were included in 
this study. The mean age was 7.74±5.26 years old. Propran-
olol was administrated as prophylaxis for all patients. The 
band ligation was additionally used as prophylaxis for pa-
tients with medium and large size varices. Secondary therapy 
included sclerotherapy for children < 3 years old and ligation 
band for those >3 years old.   

From 101 patients, 53 (52.4%) showed history of esoph-
ageal bleeding. Significant relationships were found between 
varices size (P=0.001) and Child-Pugh score (P=0.01) and 
esophageal bleeding (Figure 1). 

There was no statistically significant difference in the 
mean PELD/MELD scores among children with (12.34±12) 
and without (14.61±17.51) history of esophageal bleeding 
(P=0.61). There were also significant differences between the 
two groups regarding the age of bleeding initiation 
(P<0.001), serum creatinine (P=0.01) and sodium (P=0.002) 
levels (Table 1).  

No evidence of red spots or vessel on vessels was ob-
served in endoscopy findings. However, two patients showed 
hypertensive gastropathy in endoscopy evaluation. Among 
various etiologies of cirrhosis, a significant association was 
observed between autoimmune hepatitis and the history of 
esophageal bleeding (P=0.01) (Table 2).  
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Figure1. Association of esophageal bleeding with main clinical parameters in 101 cirrhotic children  
(53 with and 48 without esophageal bleeding) 

 
Significant differences were found in the distributions of varices size (P=0.001, A) and Child-Pugh classes 
(P=0.01, B) between children with and without esophageal bleeding. There were no significant differences in the 
distribution of either ascites (C) or encephalopathy (D) in children with or without esophageal bleedings. 

 

Table 1. Association of esophageal bleeding with main laboratory parameters in 101 cirrhotic children 

Laboratory parameters  Esophageal bleeding  P 
Yes 
N=53 
n (%) 

No 
N=48 
n (%) 

MELD/PELD Score 12.34±12 14.61±17.51 0.5 

Age (years) 7.5±5.14 7.46±5.26 0.97 

Duration of hospitaliza-
tion (days) 

4.04±3.35 3.24±2.90 021 

Bleeding age (years) 5.58±4.75 - NA 

Albumin (mg/dl) 4.25±4.75 3.7±0.74 0.53 

Total Bilirubin (mg/dl) 5.97±7.58 7.55±10.92 0.47 

INR 1.07±1.03 2.46±2.43 0.47 

AST (IU/l) 157.54±316.81 164.72±193.78 0.33 

ALT (IU/l) 107.34±202.62 118.81±187.48 0.70 

Platelet (103/ul) 117.57±87.29 117±76.78 0.73 

Creatinine (g/dl) 0.54±0.31 0.35±0.22 0.01 

Na (mEq/l) 138.65±4.23 136±3.55 0.002 

APRI 6.65±10.34 6.05±7.61 0.55 
PELD; Pediatric End-Stage Liver Disease, MELD; Model For End-Stage Liver Disease, INR; International normalized 
ratio, APRI: AST to Platelet Ratio Index, AST; Aspartate aminotransferase, ALT; Alanine aminotransferase  
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Table 2. Association of esophageal bleeding with underlying diseases in 101 cirrhotic children 

P Esophageal bleeding  Underlying disease  

No 
N=48 
n (%) 

Yes  

N=53 

n (%) 

0.969 14 (29.3) 12 (22.9) Biliary atresia  

0.01 2 (4.1) 7 (13.2) A hepatitisutoimmune   

0.57 2 (4.1) 1 (1.8) Willson disease  

1.00 1 (2) 1 (1.8) PFIC  

0.57 2 (4.1) 1 (1.8) Neonatal hepatitis  

0.12 2 (4.1) 4 (7.6) CHF  

0.62 1 (2) 3 (5.7) Cryptogenic  

0.13 5 (10.7) 6 (11.4) Portal vein thrombosis  

0.43 1 (2) 0 (0) HPV  

1.00 0 (0) 1 (1.8) Galactosemia  

1.00 0 (0) 1 (1.8) Caroli disease  

0.50 1 (2) 2 (3.7) Gauncher disease 

1.00 1 (2) 1 (1.8) GSD  

0.58 16 (33.6) 12 (22.9) Unkwon  

1.00 0 (0) 1 (1.8) Lipodystrophy  

PFIC; Progressive Familial Intrahepatic Cholestasis, CHF; Congenital Hepatic Fibrosis, GSD; Glycogen Storage Disease  

 
 

DISCUSSION 

Bleeding from esophageal varices is one of the important 
causes of morbidity and mortality in cirrhotic children. 
Therefore, it is critical to timely detect esophageal bleeding, 
divulge its risk factors, and appropriately manage its compli-
cations. Overall, 53 (52.4%) out of 101 evaluated cirrhotic 
children represented history of esophageal bleeding in our 
study. According to our findings, no significant relationships 
were found between the history of bleeding and encephalo-
pathy, gastric varices, hypertensive gastropathy, and 
PELD/MELD scores. On the other hand, esophageal bleed-
ing was significantly associated with Child-Pugh score, var-
ices sizes, the age of bleeding initiation, serum sodium and 
creatinine levels and autoimmune hepatitis. Nonetheless, nei-
ther of these parameters remained an independent significant 
risk factor for esophageal bleeding in multivariant analyses.  

Esophageal bleeding should be considered an alarming 
phenomenon to think of liver transplantation in cirrhotic pa-
tients (15). In fact, esophageal bleeding has been noted as an 
independent predictor of survival in patients with liver cir-
rhosis (16). In a recent report on children with chronic liver 
diseases of various etiologies, thrombocytopenia, hypoalbu-
minemia and splenomegaly were identified as risk factors of 
esophageal bleeding (17). In our study, however, platelet 
count and serum albumin were not significantly different 
comparing children with or without history of esophageal 
bleeding. Nevertheless, similar to our report, there were no 
associations between the risk of esophageal bleeding and 

serum bilirubin, liver enzymes and INR in the recent report 
(17).  As well, no significant deviation was noted in the dis-
tribution of liver diseases etiologies in the recent report (17).  
Instead, we here found that autoimmune hepatitis may be a 
potential risk factor for esophageal bleeding in cirrhotic chil-
dren. Further studies should yet be done to ascertain a defi-
nite association between autoimmune hepatitis and esopha-
geal bleeding. Other significant risk factors for esophageal 
bleeding in cirrhotic patients have been noted as defects in 
the hemostatic pathway (18), viral load in viral-infection as-
sociated cirrhosis (19),  the size of esophageal varices (20-
23), Child-Pugh score (23), serum fibrinogen level (20), pres-
ence of gastric varices and hypertensive gastropathy (7, 9, 20-
24), as well as the presence of red spots (20, 21, 23-26). In 
addition to these, we here noticed that serum sodium and cre-
atinine levels may have a role as predictors of esophageal 
bleeding in cirrhotic children. Hypertensive gastropathy was 
noted in two of our patients, while no red spots were found 
in endoscopic evaluations. As mentioned, varices size and 
Child-Pugh score were associated with the risk of esophageal 
bleeding in our study as well. Although these were significant 
factors in univariate analysis, the results were not significant 
in multinomial regression analysis which may root in the rel-
atively low power of the study. Splenomegaly and hyperten-
sion have also been noted as independent risk factors for 
esophageal bleeding. In present study; however, we did not 
assess these two factors in our patients. For appropriate and 
timely management of esophageal bleeding it is inevitable to 
develop risk stratifying parameters and reliable predicting 
factors. Liver stiffness has been a promising indicator of 
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esophageal varices and esophageal bleeding delivering sen-
sitivity, specificity, positive predictive value, and negative 
predictive value of respectively 83%, 62%, 76.2% and 71.3% 
with the area under curve value of 0.780 at 31 kPa cut off for 
predicting significant esophageal bleeding (27).  

The study limitations included not reporting splenomeg-
aly and hypertension in the patients. In conclusion, regarding 
the clinical importance of esophageal bleeding in children 
with cirrhosis, it is recommended to divulge more details on 
the risk factors predisposing to this complication in future 
studies. Also, developing an updated universal guideline on 
the risk factors, diagnosis, classification, prognosis and treat-
ment of esophageal varices in children is warranted.  
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ABSTRACT 

Vitamin D is known to affect the functions of pancreatic beta cells, 
but the effects of vitamin D deficiency on glucoregulatory mecha-
nisms are still inconclusive. The aim of this study was to link vita-
min D levels with parameters of insulin resistance and insulin se-
cretion. The study included 70 male and female participants, 40 
newly diagnosed patients with type 2 diabetes mellitus (T2DM) 
and 30 healthy controls. All participants were tested for fasting 
glucose, hemoglobin A1c, fasting insulin, vitamin D levels, and 
the HOMA indexes were calculated using HOMA2 calculator. 
Fasting glucose levels, insulinemia, hemoglobin A1c levels and 
HOMA IR were all significantly higher in the diabetic group 
(p<0.001), while vitamin D levels and HOMA S index were sig-
nificantly lower (p<0.001). HOMA-B values did not differ be-
tween the two groups (p=0.31). Vitamin D levels moderately cor-
related with HOMA S and HOMA B indexes (r=0.466, p<0.001; 
r=0.394, p<0.001, respectively), whereas a negative correlation 
was found between vitamin D levels and HOMA IR (r=−0.285; 
p<0.001). Multiple regression analysis showed that vitamin D 
levels significantly predicted the values of HOMA B index 
(p=0.001), but they had no predictive value on HOMA IR 
(p=0.26).  In conclusion, the group of newly diagnosed patients 
with T2DM showed significantly lower vitamin D values com-
pared to the healthy control group. The connection between vita-
min D, glucose levels, hemoglobin A1c and insulin secretion index 
underlines the role of this vitamin in glucoregulation. 

Keywords: vitamin D, insulin resistance, insulin secretion, 
HOMA index, glu-cose metabolis.
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INTRODUCTION 

Some of the most common chronic metabolic disorders 
of present time are insulin resistance and vitamin D defi-
ciency, and this is probably due to common risk factors, such 
as lack of physical activity, less sun exposure, bad dietary 
habits based on increased intake of concentrated carbohy-
drates and lower intake of dairy products and fibers, as well 
as chronic stress (1). 

A published study has shown that individuals with vita-
min D deficiency have reduced insulin secretion (2). Vitamin 
D receptors (VDR) are found in pancreatic β cells which also 
possess the 1-alpha hydroxylase enzyme essential for the 
synthesis of vitamin D, providing autocrine and paracrine bi-
ological effects (1,3,4). Furthermore, there is a study which 
suggests that vitamin D promotes increased synthesis of the 
mRNA for the preproinsulin of the pancreatic β cells in mice 
(1). The foregoing facts could indicate that vitamin D plays a 
significant role in physiological regulation of the endocrine 
pancreas. Additionally, it is believed that vitamin D may also 
affect the sensitivity of the peripheral insulin receptors due to 
the existence of VDRs in skeletal muscle, adipose tissue and 
hepatocytes. 

Data considering the effects of vitamin D substitution on 
insulin resistance and secretion are still inconclusive. In some 
studies, vitamin D supplementation did not have any effect 
on insulin resistance in patients with prediabetes and type 2 
diabetes mellitus patients (T2DM) (5,6). On the other hand, 
some studies conducted on T2DM patients and patients with 
impaired fasting glucose, showed that vitamin D substitution 
results in significant decrease of blood glucose levels, as well 
as improvement of calculated indexes of insulin resistance 
and/or insulin secretion (7-9).  

Therefore, the aim of this study was to establish vitamin 
D status in patients with newly diagnosed T2DM, and to ex-
amine the link between vitamin D levels and the parameters 
of insulin resistance and secretion. 

PATIENTS AND METHODS 

This cross-sectional study was conducted in the Center of 
Laboratory Medicine in cooperation with the outpatient de-
partment of the Clinic for Endocrinology, Diabetes and Met-
abolic Disorders, Clinical Center of Vojvodina, during the 
summer and autumn of 2016. The study included 70 partici-
pants (57 male and 13 female). The mean age of the partici-
pants was 56.3 ± 5.1 for males and 55.8 ± 6.0 for females. 
Based on the patient history, clinical examination and labor-
atory analysis (fasting plasma glucose > 7 mmol/L and/or 
HbA1c > 48 mmol/mol), 40 participants were classified into 
a group of T2DM (10). All T2DM patients in this study were 
newly diagnosed and therapy-naïve. The control group con-
sisted of 30 healthy (age and sex matched) subjects (individ-
uals with normal fasting plasma glucose, insulin and glycated 
hemoglobin A1c levels).  

Criteria for exclusion from the study were: kidney dis-
ease, psychiatric disorders and the presence of metabolic 
bone disease, as well as supplementation with vitamin D 
and/or calcium. 

Laboratory assay 

All laboratory analyses were performed before imple-
menting any treatment of T2DM. After an eight-hour over-
night fast and 15-minute rest in the laboratory after the arri-
val, blood samples were taken in order to determine fasting 
plasma glucose (FPG) and insulin (FPI) concentration, vita-
min D level (25(OH)D) and glycated hemoglobin A1c 
(HbA1c). Glucose level was determined by an enzyme-spe-
cific, GOD-Perid method (reference range from 4.0 to 6.1 
mmol/L) and the insulin was measured on an automated sys-
tem ADVIA Centaur XP (reference value is 3.0 to 25.0 
mIU/L). 25(OH)D was measured by direct chemiluminescent 
technology on platform ADVIA Centaur XP. Vitamin D sta-
tus was defined according to blood levels of 25(OH)D as fol-
lows: vitamin D deficiency as 25(OH)D below 30 nmol/L, 
and vitamin D insufficiency as 25(OH)D of 30 to 50 nmol/L, 
while normal vitamin D status as 25(OH)D concentration 
greater than 50 nmol/L (11). HbA1c was determined by im-
munoturbidimetric method of inhibition of agglutination on 
the microparticles, on an automated system (Abbott Architect 
ci 4100). HOMA indexes were estimated using HOMA 2 cal-
culator: HOMA index for estimation of insulin resistance 
(HOMA-IR), insulin sensitivity (HOMA-S) and secretory ca-
pacity of pancreatic β cells (HOMA-B) (12). 

Data were presented using descriptive statistical methods 
for continuous variables as mean and standard deviation. In 
order to evaluate differences in parametric variables we used 
Student’s T-test. Relations among variables were assessed 
using Pearson's correlation coefficient. Using linear correla-
tion analysis, we estimated the relationship between all ex-
amined parameters and 25(OH)D. Multiple regression anal-
ysis was performed in order to estimate the independent rela-
tion between 25(OH)D levels and calculated parameters of 
insulin resistance/sensitivity as well as insulin secretion. A 2-
tailed p-value of less than 0.05 was considered statistically 
significant. Statistical analysis was performed using the Data 
Analysis Excel (Microsoft Corp., Redmond, WA) and Med-
Calc 12.1.4.0 statistical software (MedCalc Software, 
Mariakerke, Belgium). 

 

RESULTS  
 

Comparing T2DM patients with healthy controls, statisti-
cally significant difference was found for all tested parame-
ters except for HOMA-B, (p=0.31). Compared with the con-
trol group, the T2DM group had significantly lower vitamin 
D levels (p<0.001) and HOMA-S (p<0.001) index, and sig-
nificantly higher HOMA-IR index, BMI, FPG, FPI and 
HbA1c (p<0.001) (Table 1). In the T2DM group, 30 out of 
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40 participants were D vitamin insufficient (D vitamin below 
50 nmol/l), while all healthy controls had vitamin D level 
above 50 nmol/l (p<0.001).  

Using linear correlation analysis on both examined 
groups together (N=70), vitamin D levels moderately corre-
lated with HOMA S and HOMA B indexes, whereas a nega-
tive correlation was found between vitamin D levels and 
HOMA IR. Negative correlations were also determined be-
tween 25(OH)D and FPG and HbA1c. However, we did not 
establish a correlation between 25(OH)D and FPI (Table 2). 

Multiple regression analysis was used to assess the ability 
of the predictor model containing 25(OH)D and BMI to pre-
dict the values of HOMA IR, HOMA B% and HOMA S. As 
presented in Table 3, the model could successfully explain 
48%, 41% and 13% of their respective variances. 25(OH)D 
was found to be a significant predictor of HOMA S and 
HOMA B, but not HOMA IR. As for BMI, it was a signifi-
cant predictor of HOMA S and HOMA IR, but not HOMA 
B. 

 

 

Table 1. Characteristics of glucoregulatory parameters of two examined groups 

Legend: BMI - body mass index; FPG - fasting plasma glucose; FPI - fasting plasma insulin; HOMA-IR - index 
for estimation of insulin resistance; HOMA-S - index for estimation of insulin sensitivity; HOMA-B - index for 
estimation of secretory capacity of pancreatic β cells; 25(OH)D - 25 hydroxyvitamin D; p - value 

 

Table 2. Correlation between vitamin D levels and examined parameters 

  

  

25(OH)D 
N=70 

r P 

BMI (kg/m²) -0.261 p<0.001 

FPG (mmol/L) -0.600 p<0.001 

FPI (mIU/L) -0.201 p>0.05 

HbA1c (mmol/mol) -0.616 p<0.001 

HOMA-IR -0.285 p<0.001 

HOMA-S (%) 0.466 p<0.001 

HOMA-B% (%) 0.394 p<0.001 
Legend: BMI-body mass index; FPG-fasting plasma glucose; FPI- fasting plasma insulin; HOMA-
IR- index for estimation of insulin resistance; HOMA-S- index for estimation of insulin sensitivity; 
HOMA-B-index for estimation of secretory capacity of pancreatic β cells; 25(OH)D - 25 
hydroxyvitamin D; r - correlation coefficient; p - value 

 

 

 

VARIABLE 

T2DM group 

n=40 

Control group 

n=30 
P 

value 
X±SD X±SD 

BMI (kg/m²) 29.94±5.77 22.05±1.89 p<0.001 

FPG (mmol/L) 7.86±1.98 4.77±0.39 p<0.001 

FPI (mIU/L) 17.24±7.07 7.40±4.64 p<0.001 

HbA1c (mmol/mol) 47.9±17.72 31.1±4.01 p<0.001 

HOMA-IR 2.82±1.12 0.96±0.58 p<0.001 

HOMA-S (%) 42.07±18.98 135.86±70.88 p<0.001 

HOMA-B (%) 88.15±40.19 98.45±28.74 p=0.31 

25(OH)D (nmol/L) 45.17±20.65 70.7±16.33 p<0.001 

143



Table 3. Multiple regression analysis 

Dependent 
variable 

Adjusted R² P value Predictors 

N=70 

 
β p(β) 

HOMA-IR 0.484 p<0.001 
BMI 6.986 <0.001 

25(OH)D -1.144 0.257 

   
HOMA-S (%) 0.412 p<0.001 

BMI -4.693 <0.001 

25(OH)D 3.316 0.001 

        

HOMA-B (%) 0.13 0.006 
BMI 0.532 0.596 

25(OH)D 3.297 0.001 

Legend: BMI - body mass index; FPG - fasting plasma glucose; FPI - fasting plasma insulin; HOMA-IR - index 
for estimation of insulin resistance; HOMA-S - index for estimation of insulin sensitivity; HOMA-B - index for 
estimation of secretory capacity of pancreatic β cells; 25(OH)D - 25 hydroxyvitamin D; Adjusted R² - the coeffi-
cient of determination that is consistent with the number of independent variables included in the model; β - stand-
ardized regression coefficient; p - p value of standardized regression coefficient 

 
DISCUSSION

The main purpose of this study was to compare vitamin 
D levels in T2DM and healthy controls and to examine the 
relationship between vitamin D and insulin secretion and re-
sistance indexes. The results showed that the T2DM group 
had significantly lower vitamin D levels compared with the 
control group. Also, 75% of  patients with T2DM were vita-
min D insufficient. 

It has not been clarified yet if low vitamin D status is re-
sponsible for insulin resistance, or if it is just a consequence 
of the prediabetic state, including obesity, which exists to-
gether with insulin resistance. One of the major cohort stud-
ies concluded that reduced vitamin D levels lead to an in-
creased risk of T2DM (13). Also, published results showed 
that people who have been substituting vitamin D or calcium 
had a lower risk of T2DM (14). The absence of the anti-in-
flammatory effect, which is attributed to reduced levels of 
vitamin D, can contribute to the development of insulin re-
sistance, and therefore disrupt the glucoregulatory mecha-
nisms, as well as the onset of T2DM (1). On the other hand, 
it is known that people with a higher BMI have lower levels 
of vitamin D due to the sequestration of liposoluble vitamin 
D in the larger adipose compartment, so this vitamin would 
be low in the serum (15). On the other hand, Drincic et al. 
(16) concluded that simple volumetric dilution in obese pa-
tients can be the explanation for the low vitamin D status in 
obesity.  

Compared with the control group, the T2DM group had 
significantly higher HOMA-IR and insulin levels and lower 
HOMA-S values. The obtained results are expected and are 
in accordance with the previously known literature data. The 
pathophysiological basis of T2DM refers to development of 
insulin resistance, and therefore, significantly higher fasting 
insulin levels in our T2DM group represents an attempt to 

overcome the present insulin resistance (17). On the other 
hand, the T2DM group had a lower HOMA-B than the con-
trol group (88.15 ± 40.19% vs. 98.45 ± 28.14%), but without 
statistical significance. HOMA-B value depends on the level 
of insulin resistance, and the functional ability of pancreatic 
β cells. Thus, the reduction in insulin secretion can result 
from the preserved sensitivity of the peripheral tissues, and 
therefore a lower need for insulin secretion. On the other 
hand, after the hyperinsulinemic phase in T2DM, the insulin 
secretion becomes insufficient and reduced in relation to the 
level of current glycemia. Thus, HOMA-B values may be 
lower in healthy subjects, but also, as a consequence of the 
relative exhaustion of pancreatic β cells and a gradual de-
crease in insulin secretion, in T2DM patients. Also, knowing 
that HOMA-B is calculated using FPI and FPG, this index 
shows whether this insulin secretion is capable of maintain-
ing fasting glucose in a normal range. We can see that in our 
control group HOMA-B is near the value of 100% which 
means that insulin secretion is optimal for that glucose level, 
whereas in the diabetic group, although fasting insulin is 
higher than in the control group, that insulin level is not ca-
pable of maintaining glucose level in euglycemic range, and 
that is the reason for lower HOMA B index in this group.  

Results of this study also showed a statistically significant 
relationship between 25(OH)D and HOMA-B which is in ac-
cordance with previously published studies (18). Using mul-
tiple regression analysis, we have found that vitamin D is a 
predictor of insulin secretion estimated by HOMA-B index. 
It is known that the insulin secretion is glucose dependent due 
to the activation of GLUT-2 transporters, ATP synthesis, 
blockage of ATP-dependent potassium channels, as well as 
consequent depolarization of the cell membrane and influx of 
calcium ions. Cell influx of Ca2+ ions directly stimulates ex-
ocytosis and the release of insulin molecules into the 
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circulation. In addition to this mechanism, the second path-
way of regulation of insulin secretion is also indicated, via 
cAMP (19,20). Besides the glucose-dependent, there are also 
glucose independent pathways of insulin secretion (for exam-
ple the effects of incretin, amino-acids or glucagon on β-
cells) (21,22). The presence of VDR receptors and 1α-hy-
droxylase in the pancreatic β cells suggests the possibility of 
a regulatory role of vitamin D on the intracellular concentra-
tion of Ca2+ ions, as well as the effect of vitamin D on the 
transcription of the preproinsulin gene (1,23). The second 
theory is based on the fact that insulin secretion can be inde-
pendently induced by initiators (glucose, Ca2+) as well as po-
tentiators (glucagon, acetylcholine, β-adrenergic receptor ag-
onists, cAMP) which enhance insulin secretion, but only in 
the presence of glucose as the most dominant initiator. Ac-
cording to this hypothesis, vitamin D can affect insulin secre-
tion by acting on the efficacy of the initiator and/or potentia-
tor, modulating the effects of the initiator of insulin secretion 
(23). Vitamin D deficiency causes a change in the efficiency 
of the glucose-dependent cAMP pathway and, consequently, 
its role in the regulation of insulin secretion (24). As a con-
firmation of this theory, numerous studies on animals have 
been published. They showed the influence of vitamin D on 
the cAMP signaling pathway, as well as changes in the activ-
ity of the cAMP-dependent protein kinase in vitamin D defi-
cient animals (24-26). On the other hand, a clinical study 
which observed changes in the level of insulin secretion dur-
ing parenteral administration of vitamin D concluded that an 
increase in insulin secretion was found only in people with 
elevated glycemia above the euglycemic range, whereas in 
subjects with normal glycemia, no increase occurred (27-29). 
Jeddi et al. had similar results on experimental animals (30). 

According to our results, significant negative correlation 
was found between 25(OH)D and HOMA-IR which is in ac-
cordance with previously published data (18,29,31). How-
ever, multiple linear regression analysis has shown that the 
level of vitamin D influence on HOMA-IR is statistically in-
significant. This finding is in line with the latest findings con-
cerning the association between vitamin D and insulin re-
sistance (1). Also, multiple linear regression showed that vit-
amin D is a significant predictor of HOMA-S, an index that 
represents the sensitivity of peripheral tissues to insulin. Both 
HOMA-IR and HOMA-S indexes are relatively close and 
point to the similar occurrences from a different perspective. 
However, the parameters used to calculate these indexes are 
different. In the HOMA-IR equation, only the basal values of 
glucose and insulin are used, whereas the estimation of 
HOMA-S also includes a deviation factor from normal values 
characteristic for healthy population (100%) (32). Different 
models of these indexes also point to different aspects of in-
sulin effects on peripheral tissues (12). The effect which vit-
amin D potentially achieves in insulin sensitive tissues is still 
not well-known and explained in the literature. The local con-
centration of vitamin D and the production of hormone D in 
tissues, which directly affect the level of insulin resistance or 
sensitivity, cannot be fully identified with the measured level 
of vitamin D in systemic circulation. 

CONCLUSION  

Our study showed that newly diagnosed T2DM patients 
had significantly lower vitamin D levels compared with 
healthy controls. The relation between vitamin D levels and 
glucoregulatory parameters such as glucose levels, hemoglo-
bin A1c and insulin secretion index (HOMA-B) underlines 
the glucoregulatory role of this vitamin, primarily due to its 
influence on the secretory function of pancreatic β cells. 
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ABSTRACT 

Detailed extraparenhymal renal hilar dissection was performed 
on 110 fixed cadaveric kidneys (60 from male cadavers and 50 
from female cadavers). We analyzed the number of renal arteries, 
angles between renal arteries and abdominal aorta, length and 
diameter of the renal arteries. Multiple renal arteries were pre-
sent in 20.9% of cases, with a slightly higher incidence on the 
right side (21.8%: 20.0%). The angle between the aorta and the 
RRA varied from 30° to 100° with a mean of 64.1°, while the angle 
between the abdominal aorta and the LRA was 40° to 115°, with 
a mean of 67.3°. The external caliber of the RRA at the point of 
origin from the abdominal aorta was 5 mm to 9.1 mm, with a 
mean of 6.8 mm. The same caliber of the LRA was 3.7 to 9.6 mm 
with a mean of 7.0 mm. The average length of the renal artery 
from the point of origin from the abdominal aorta to the branch-
ing point was 36.2 mm for the right renal artery and 30.7 mm for 
the left renal artery. The average length of the renal artery from 
the point of origin from the abdominal aorta to the renal hilum 
was 65.1 mm for the right one and 54.7 mm for the left one. 
Knowledge of the number of renal arteries, their mode of entry 
into the kidney, the angles they build with the abdominal aorta, 
their diameter and length has practical applications in interven-
tional radiology and surgery of the kidney and its environment. 

Keywords: renal artery, accessory artery, polar artery.
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INTRODUCTION 

Usually, each kidney is supplied by a single artery which 
is named the main renal artery. It has relatively constant po-
sition and path from the site of origin to the hilum of the kid-
ney. Renal arteries are located in the vascular pedicle behind 
renal veins. They arise from the abdominal aorta below supe-
rior mesenteric artery, between the first and the third lumbar 
vertebra (1). Graves (1956) described renal vessels, defining 
normal segmental vessels, accessory artery and aberrant renal 
artery. He states that accessory arteries enter the kidney 
through the hilum and aberrants not through it, but usually 
through the upper and the lower pole of the kidney (2). In 
70% of cases, there is a single renal artery (3). The right renal 
artery often leaves the aorta at a slightly higher level than the 
left one. It usually passes behind the inferior vena cava, but 
rarely, it could be found in front of it. Renal arteries are also 
the origin of inferior adrenal artery and small inferior 
branches that feed the renal pelvis and upper ureter. Tiny 
branches for the renal capsule and perinephric fat may also 
stem from the main renal artery.  

The pronephros, mesonephros and metanephros are the 
basic stages in embryonic kidney development. The meta-
nephros is formed at level of the bifurcation of the aorta. The 
mesonephros develops between the fifth week and the six-
teenth week of the embryological development (4). Then it is 
supplied by temporary aortic branches, even up to thirty mes-
onephric arteries (5). With complete mesonephros degenera-
tion only nine mesonephric arteries remain, from the tenth 
thoracic to the third lumbar segment (6). Between the sixth 
and the ninth week the metanephros ascends from the pelvis 
to the retroperitoneal space. During the ascent, the metaneph-
ros receives vascularization from the surrounding arteries, 
first from the iliac and then from the abdominal aorta. Lum-
bar mesonephros vessels form the rete arteriosum urogenitale 
which connects the vessels of the metanephros with the mes-
onephric arteries and the aorta abdominalis. Mesonephric ar-
teries slowly disappear and only one artery remains, which is 
the future renal artery. If more than one artery remains at this 
stage of transition from mesonephros to metanephros then 
multiple renal arteries are formed (7). 

Variations of the main renal artery and vein are common, 
due to existence of several mesonephric arteries during fetal 
life. These arteries develop from aorta between C6 and L3 
vertebrae and are divided into cranial, middle and caudal ar-
teries. Only one of the mesonephric arteries will later trans-
form to main renal artery (8). If the fusion of the rete arterio-
sum urogenitale is not fully completed, two variations could 
occur: 1) short stem of renal artery and its early division and 
2) multiple renal arteries. There are many names in the refer-
ences for multiple renal arteries such as: accessory, aberrant, 
additional, supernumerary, supplementary arteries, etc. 
Glodny et al. (2009) divided the multiple renal arteries into 
additional renal arteries arising from the abdominal aorta, 
and accessory renal arteries arising from branches of the ab-
dominal aorta. He found additional and accessory renal arter-
ies with frequency of 14.6% up to 56% (9). Other study 

describes accessory renal arteries, as one with the hilar renal 
entrance that more often arise below the main renal artery. 
They cross ureter anteriorly and have the potential to cause 
obstruction. If an accessory artery is damaged, the part of kid-
ney supplied by it is likely to become ischaemic. Aberrant 
renal arteries enter into the kidney extrahilary, through the 
capsule, usually through the lower or upper pole (10). If renal 
artery in a patient originates above the celiac trunk, it is con-
sequence of the persistent mesonephric vessel (11). Bay-
ramoglu et al. (2003) described bilateral accessory renal ar-
teries stemming from abdominal aorta; the right one was ac-
companied by the vein (12). Merklin and Michels (1958) 
classify accessory arteries as follows: 1) accessory renal ar-
teries originating from the aorta, 2) accessory renal arteries 
originating from the main renal artery, 3) accessory renal ar-
teries originating from other sources. They use terms the 
main renal, aortic superior/inferior polar and renal inferior 
polar arteries (13). Poisel and Spangler (1969) described ac-
cessory, supplementary, supernumerary and aberrant renal 
arteries (14) and Stephens (1982) considered that these terms 
were not adequate because these were segmental and termi-
nal blood vessels (15). Terms as hilar - for the aortic branch 
penetrating the hilum, extrahilar - for the branch of the renal 
artery with an extrahilar penetration, superior polar - for the 
aortic branch penetrating the superior pole and inferior polar 
- for the aortic or common iliac artery penetrating the inferior 
pole of the kidney, were also used in references (16). 
Satyapal et al. (2001) introduced the term additional renal ar-
tery for the one that, in addition to main renal artery, exits the 
aorta and ends in the kidney (17). Vilhova et al. (2001) used 
the term “accessory” for the segmental polar artery with hilar 
renal entrance, while the term “perforant” was reserved for 
segmental polar arteries that entered extrahilary (through the 
kidney capsule). In both case, those were aortic branches 
(18). Bordai et al. (2004) described three types of renal arter-
ies: 1) the upper and lower polar arteries that enter through 
the kidney poles 2) the main renal artery as the largest hilar 
artery, and 3) the hilar supplementary artery that enters the 
hilum with the larger, main artery (19). The accessory and 
aberrant arteries usually originate from the abdominal aorta 
or iliac arteries and rarely from the thoracic aorta or branches 
of the abdominal aorta (20). Türkvatan A et al. (2009) di-
vided the additional arteries into the hilar and polar depend-
ing on how they enter the kidney (8). Some authors distin-
guish between two types of additional renal arteries: 1) early 
division arteries and 2) extra renal arteries, which are classi-
fied as hilar (accessory) arteries and polar (aberrant) arteries 
(17, 21). In 2010, Daescu et al. divided the renal arteries into 
the hilar and polar (upper and lower polar arteries). They fur-
ther divided the polar arteries into four groups: 1) solitary 2) 
pedicular, if the second one is accompanied by a polar vein 
and a nerve plexus 3) false supernumerary, if it replaces the 
segmental artery and 4) true supernumerary artery, if the re-
spective segmental artery emerges from the renal artery (22). 

In this study, we analyzed the number of renal arteries, 
their place of origin, length and diameter. We classified the 
multiples arteries into accessory, if they entered the kidney 
through the hilum and aberrant (polar) arteries, if they 
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entered the kidney through his capsule, usually through the 
upper or lower poles. The aim of the study was to examine 
the pattern of renal vascularization, describe its prospective 
anatomical variations and to point out the significance of a 
good knowledge of renal vascular anatomy, which is of great 
importance for planning and conducting certain urological 
and surgical procedures in the abdominal cavity. 

MATERIAL AND METHODS 

The study was performed in the Department of Anatomy 
and Department of Pathological anatomy of the Faculty of 
Medical Sciences of the University of Kragujevac, Serbia. 
Detailed extraparenhymal renal hilar dissection was per-
formed on 110 fixed cadaveric kidneys (60 from male cadav-
ers and 50 from female cadavers). The kidneys and surround-
ing tissue were removed within 24 h after death en bloc with 
adjacent part of the aorta and the vena cava. Cause of death 
was not related to urinary tract diseases. Any accessory or 
aberrant renal arteries if they were seen were also preserved. 
After excision, perirenal fat and surrounding tissue were re-
moved and renal vessels, pelvis and ureter were prepared. 
The length of the renal artery was measured from the point 
of origin to the point of branching as well as from the point 
of origin to the hilum of the kidney. We also measured the 
external diameter of the renal arteries at the site of their 
origin. The measurements recorded in the text were made by 
the Vernier caliper with an accuracy of 0.1 mm. Angles be-
tween the lateral side of the abdominal aorta and the lower 
side of the renal artery were measured by using a protractor. 
All kidneys were recorded by drawings or photographs. 

The analysis included descriptive and analytical statistical 
methods. We used the student’s T test in comparison to ob-
tained sizes between the left and right kidneys, as well be-
tween male and female sex, in order to see if there was sig-
nificant difference in the length, diameter and number of re-
nal arteries. The study was performed in the Department of 
Anatomy and Department of Pathological anatomy of the 
Faculty of Medical Sciences of the University of Kragujevac, 
Serbia. Detailed extraparenhymal renal hilar dissection was 
performed on 110 fixed cadaveric kidneys (60 from male ca-
davers and 50 from female cadavers). The kidneys and sur-
rounding tissue were removed within 24 h after death en bloc 
with adjacent part of the aorta and the vena cava. Cause of 
death was not related to urinary tract diseases. Any accessory 
or aberrant renal arteries if they were seen were also pre-
served. After excision, perirenal fat and surrounding tissue 
were removed and renal vessels, pelvis and ureter were pre-
pared. The length of the renal artery was measured from the 
point of origin to the point of branching as well as from the 
point of origin to the hilum of the kidney. We also measured 
the external diameter of the renal arteries at the site of their 
origin. The measurements recorded in the text were made by 
the Vernier caliper with an accuracy of 0.1 mm. Angles be-
tween the lateral side of the abdominal aorta and the lower 
side of the renal artery were measured by using a protractor. 
All kidneys were recorded by drawings or photographs. The 
analysis included descriptive and analytical statistical meth-
ods. We used the student’s T test in comparison to obtained 
sizes between the left and right kidneys, as well between male 
and female sex, in order to see if there was significant differ-
ence in the length, diameter and number of renal arteries. 

RESULTS 

The number of renal arteries 

A single renal artery was present in 79.1% cases of 110 
dissected kidneys: on the right side in 78.2% and on the left 
side in 80.0%. Multiple renal arteries were present in 20.9% 
of cases, with a slightly higher incidence on the right side 

(21.8%: 20.0%). We found two arteries in 18.2% and three 
in 3.6% of the observed right kidneys. The same arteries in 
the left kidney existed in 20.0% of cases: two arteries in 
16.4%, three in 1.8% and four arteries in 1.8% of the kidneys 
(Table 1).

 

Table 1. The number and frequency of the renal arteries of the right and left kidneys in males and females 

Material Number Gender 
1 artery 2 arteries 3 arteries 4 arteries 

right Left right left right left right left 

The  
dissected 
kidneys 

60 male 

22 
73.3% 

25 
83.3% 

7 
23.3% 

4 
13.3% 

1 
3.3% 

--- 
--- 

--- 
--- 

1 
3.3% 

47 
78.3% 

11 
18.3% 

1 
1.7% 

1 
1.7% 

50 female 
 21 

 84% 
19 

76% 
3 

12% 
5 

20% 
1 

4% 
1 

4% 
--- 
--- 

--- 
--- 
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Material Number Gender 
1 artery 2 arteries 3 arteries 4 arteries 

right Left right left right left right left 

The  
dissected 
kidneys 

40 
80% 

8 
16% 

2 
4% 

--- 
--- 

The  
dissected 
kidneys 

110 total 

43 
78.2% 

44 
80% 

10 
18.2% 

9 
16.4% 

2 
3.6% 

1 
1.8% 

-- 
-- 

1 
1.8% 

87 
79.1% 

19 
17.3% 

3 
2.7% 

1 
0.9% 

 

Angles between renal arteries and abdominal aorta 

The angle between the aorta and the RRA varied from 30° 
to 100° with a mean of 64.1°, while that angle on the left side 
was from 40° to 115°, with a mean of 67.3°. The difference 
in the angle values between the right and the left side was a 
statistically significant, with smaller angle on the right side 
(DF = 108, p < 0.01). 

 

The diameter of the renal arteries 

The external caliber of the RRA at the point of origin 
from the abdominal aorta was 5 mm to 9.1 mm, with a mean 
of 6.8 mm. The same caliber of the LRA was 3.7 to 9.6 mm 
with a mean of 7.0 mm. At the branch point, the diameter of 
the RRA was 4.0 mm to 8.1 mm with a mean value of 5.5 
mm, while on the left it was 2.4 mm to 8.0 mm with a mean 
of 5.8 mm. The difference in the diameter of renal arteries 
was not statistically significant between the left and right ar-
teries in males (t = 0.75, p > 0.05) and females (t = 0.75, p > 
0.05). Diameters of renal arteries are shown in Tables 2  
and 3. 

Table 2. Diameters of the renal arteries in mm 

Gender Site 

Renal artery diameter- mm. 

At the beginning of RA At the branching point of the RA 

min-max  SD min-max  SD 

Male 
RRA 5.0 - 9.1 7.02 0.95 4.0 - 8.1 5.71 0.97 
LRA 3.7 - 9.6 7.23 1.22 2.4 - 8.0 6.18 1.13 

Female 
RRA 5.0 - 8.4 6.63 1.05 4.0 - 8.0 5.40 0.98 
LRA 5.2 - 9.0 6.82 1.01 4.0 - 7.0 5.39 0.94 

 

Length of renal arteries 

The length of the RRA from the point of origin to the 
branching point was 5 mm - 60 mm with an average value of 
36.2 mm. The length of the RRA from the point of origin to 
the hilum of the kidney was 45mm - 88 mm, with an average 
value of 65.1 mm. The length of the LRA from the point of 
origin to the branching point was 3 mm - 50 mm with the 
average value of 30.7 mm. The length of the LRA from the 
point of the origin to the hilum of the kidney was 35 mm - 82 
mm with average value of 54.7 mm. If the renal artery was 
divided up to 15 mm from the aorta, we considered it as early 
branching (early division). Early division of the renal artery 
was in 5.5% in the RRA and in 7.3% in the LRA. Early 
branching of the renal artery was considered as a conse-
quence of the unfinished embryonic development of the 

kidney that is, the remains of mesonephrotic vessels. There 
is no statistically significant difference in the length of the 
left and right renal arteries from the point of origin to the 
point of branching (t = 2.52, 0.05 < p < 0.01). The statistically 
significant difference was found in the length of renal arteries 
from the point of origin to the renal hilum, with the right renal 
artery longer than the left (t = 5.179, p < 0.001), as expected 
considering the sinistroposition of abdominal aorta. Lengths 
of the renal arteries are shown in Table 3. 
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Table 3. The length of renal arteries in mm 

Renal artery Number 
The length of the renal arteries - mm 

To the branching point To the renal hilum 

RRA 55 
5 - 60 

± SD = 36.24 ± 12.15 
45 - 88 

± SD = 65.01± 10.15 

LRA 55 
3 - 50 

 ± SD = 30.74 ± 10.75 
35 - 82 

± SD = 54.69 ± 10.87 

DISCUSSION 

If there is another artery in addition to the main renal ar-
tery then it is a multiple renal artery. The percentages of mul-
tiple renal arteries described in references varied and de-
pended on the author, type of study and the studied popula-
tion. Tardo et al. (2017) discovered multiple renal arteries in 
22% of subjects and 12.12% of kidneys. There was no sig-
nificant difference between left- and right-sided kidneys 
(13.8% vs. 12.5%). Unilateral additional renal arteries were 
in 16.7% but bilateral in 3.4% of cases. Variations among 
males were more than females (27.2% vs. 15.2%) (23). 
Apisarnthanarak et al. (2012) found the supernumerary re-
nal arteries in 18.5% and early branching in 12.8% at the 
right side and 27.7%  and 22.4% respectively at the left side 
(24). In another large angiographic series, additional renal ar-
teries were found in 18.2% of cases. One additional artery 
was found in 8.9% of cases, two in 5.0%, three in 1.6%, four 
in 0.35%, five in 0.2% and six in 0.1% cases. In 6.6% of cases 
there was bilateral symmetry in the number of the additional 
renal vein (bilateral double in 6.3%, bilateral triple in 0.2% 
and bilateral quadruple in 0.1% of cases (7, 25). 

 

Palmieri et al. (2011) found a high percent of multiple renal 
arteries of 61.5% in the angiographic study conducted in Bra-
zilian population (56% in the right and 67% in the left kid-
ney) (26). Contrary, Hlaing et al. (2012) found only 4% of 
accessory arteries in an anatomical study in Malaysian popu-
lation (27). In another angiographic study, multiple renal ar-
teries were found in 31.3% of cases (two arteries in 22.2%, 
three in 7.5%, four in 1.4%, five in 0.2% of cases) and prehi-
lar branching in 6.5% cases (1).  

In our study multiple renal arteries were found in 20.9% 
of cases, at the right side in 21.8% and at the left side in 
20.0% of cases. Multiple arteries were slightly more often in 
males than in females (21.7%: 20.0%). Our findings are in 
agreement with the studies conducted in other populations 
(Table 4). 

 
 

 

Table 4. The frequency of multiple renal arteries (different studies) 

Studies 
MA 
% 

2 arteries  
% 

3 arteries 
% 

4 arteries 
% 

5 arteries 
% 

Çınar C, Türkvatan A, 2016 (1) 31.3 22.2 7.5 1.4 0.2 
Tardo DT et al., 2017 (23) 6.9 5.6 1.4 -- -- 
Zăhoi DE et al., 2015 (35) 23.2 19.6 3.6 -- -- 
Matusz P  et al., 2011 (25) 18.2 8.9 5.0 1.6 0.35 
Natsis K et al., 2014 (36)  17.3 13.0 4.3 -- -- 
Our study, 2019  20.9 17.3 2.7 0.9 -- 

 

The existence of accessory renal arteries is most often 
without clinical symptoms. Usually, these arteries are de-
tected by random radiographic examinations. If the accessory 
artery vascularizes the lower pole of the kidney, it often 
passes in front of the ureteropelvic junction or ureter and per-
forms external compression leading to hydronephrosis (15). 
The existence of accessory renal vessels (arteries or veins) 
leading to ureterohydronephrosis must be surgically resolved 
either by the open surgery or laparoscopy. Simphoroosh et al. 
(2005) presented the laparoscopic management of ureteropel-
vic junction obstruction by division of the aberrant vein and 
cephalad relocation of the crossing artery (28). 

Life-threatening bleeding may result from accessory artery 
injury during percutaneous renal biopsy for diagnostic or 
other purposes (29). The existence of accessory renal arteries 
impairs renal transplantation and can lead to pyeloureteral 
necrosis of the graft due to damage of the artery that vascu-
larizes it (30). The exact number of arteries and their arrange-
ment is especially important in the kidney transplantation. 
These findings are necessary to avoid undesirable injuries to 
these arteries during the explantation of the kidney and to 
prepare for their microsurgical reconstructions. 
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Unlike the renal veins, the RRA is slightly longer than the 
LRA. Palmieri et al. (2011) found that the average length of 
the main renal artery to its first branch was 3.96 ± 0.13 cm 
on the right and 3.41 ± 0.11 cm on the left side (26). 
Mohiuddin et al. (2017), found a significant difference in the 
caliber and length of the right (diameter was 6.66 ± 0.39 
mm; length was 44.69 ± 2.48 mm) and left renal arteries (di-
ameter was 6.79 ± 0.36; length was 35.10 ± 2.86 mm) (31). 
We found no significant difference in caliber between the 
right and left renal arteries. A significant difference in the 
length of the right and left renal arteries was found when we 
measured the length from their origin to the hilum of the kid-
ney. The clinical relevance of the knowledge of the size of 
renal arteries is reflected in the evaluation of renovascular 
hypertension. Tortuous shape and small caliber of accessory 
arteries can lead to arterial hypertension (17). Knowledge of 
the size of the renal arteries is important for interventional 
radiologists in procedures such as angioplasty and arterial 
catheterization (32). Small caliber of renal arteries can lead 
to arterial stenosis which can cause renal hypertension and 
ischemic nephropathy (33). Renal artery stenosis is treated by 
percutaneous stenting and requires knowledge of the caliber 
and length of the renal artery (34). The larger length of the 
renal artery allows greater mobility of the kidney during the 
intervention on it. The short renal artery (early branching) 
can cause difficulty during a nephrectomy and kidney trans-
plantation. In our study, early branching of the renal artery 
(15 mm from the aorta) was found in 5.5% on the RRA and 
in 7.3% on the LRA. Knowing the length and caliber of the 
renal artery is important before the kidney transplantation. 
Successful transplantation requires a renal artery of sufficient 
length and diameter. The transplant kidney with the appro-
priate vascular loop should be selected to minimize micro-
surgical vascular reconstruction and to make transplantation 
more successful. 

CONCLUSION 

Multiple renal arteries were present in 20.9% of cases of 
our study, with a slightly higher incidence on the right side. 
Knowledge of the number of renal arteries, their origin, 
course, and mode of entry into the kidney is of great im-
portance for the successful conduct of radiological and surgi-
cal procedures. Multiple renal arteries can be injured during 
surgery and lead to bleeding of a life-threatening patient. 
They complicate kidney surgery as well as interventions in 
its environment such as in the case of retroperitoneal lym-
phadenopathy, surgery of aneurysm of the abdominal aorta 
and others. Multiple kidney arteries make it difficult and, in 
some cases, prevent kidney transplantation. 
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ABSTRACT 

The aim of the study is to evaluate the effect of 4-hydroxy-3,5-di-
tertbutyl cinnamic acid on the change in mitochondrial function 
under conditions of experimental cerebral ischemia in rabbits. 
The study was performed on 48 male rabbits, which were used for 
modeling permanent cerebral ischemia by occlusion of the com-
mon carotid arteries. The test compound was administered before 
modeling ischemia for 14 days and after the occurrence of repro-
ducing ischemia, in a similar time interval. After that, neurologi-
cal deficit and the parameters of mitochondrial respiration, the 
intensity of anaerobic processes, the latent opening time of the mi-
tochondrial permeability transition pore, the value of the mito-
chondrial membrane potential and the concentration of caspase 
– 3 were determined. The administration of 100 mg/kg of 4-hy-
droxy-3,5-di-tertbutyl cinnamic acid into the animals reduced 
neurological deficit and restored the mitochondrial membrane 
potential. Prophylactic administration of 4-hydroxy-3,5-di-
tertbutyl cinnamic acid, contributed to an increase in ATP-
generating ability, the maximum level of respiration and respira-
tory capacity by 4.1 times (p<0.01), 4.8 times (p<0.01) and 4.3 
times (p<0.01), respectively. With therapeutic administration, 
these indicators increased by 11 times (p<0.01), 12.2 times 
(p<0.01) and 8.6 times (p<0.01), respectively. Also, both the 
prophylactic and therapeutic use of 4-hydroxy-3,5-di-tret-butyl 
cinnamic acid normalized aerobic/anaerobic metabolism, as well 
as reduced the concentration of caspase-3. Based on the obtained 
data, significant cerebroprotective properties of 4-hydroxy-3,5-
di-tertbutyl cinnamic acid can be assumed. Moreover, the poten-
tial mechanism of action of this compound may be mediated by 
the normalization of mitochondrial function. 

Keywords: cerebral ischemia, cinnamic acid derivatives,  
mitochondrial dys-function.
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INTRODUCTION 

Stroke is the most common cerebrovascular accident, as 
well as one of the leading causes of death and primary disa-
bility in both economically developed and developing coun-
tries (1). The typology of stroke includes hemorrhagic and 
ischemic subtypes, and the latter accounts for about 70-80% 
of all cases of stroke (2). In recent years, significant progress 
has been made in understanding the pathophysiology of is-
chemic stroke, which has significantly optimized therapeutic 
approaches to the treatment of this condition (3). However, 
relevant statistical data, as well as prognostic calculations by 
specialists of the World Health Organization, show a pro-
gressive increase in mortality from cerebrovascular diseases 
in the acute phase. In low-income countries, stroke ranks fifth 
among the causes of death, at the same time with an increase 
in the well-being of the population, i.e. in middle-low, mid-
dle-high and high-income countries, ischemic brain damage 
already takes the second place in the structure of total mor-
tality. Moreover, as a rule, ischemic stroke occurs in people 
of working age, which negatively affects the economic activ-
ity of a number of countries (3). Etiopathogenetic stroke is 
characterized by cerebral vessel occlusion with the formation 
of a necrotic zone - a zone of cerebral infarction (“ischemic 
shadow”), surrounded by tissue with reduced blood flow and 
metabolic activity (“ischemic penumbra”), which, if an unfa-
vorable outcome occurs, can be involved in the formation of 
a brain tissue necrosis zone (5). In the “ischemic penumbra”, 
there is an increase in inflammation, oxidative stress, gluta-
mate excitotoxicity and intracellular calcium concentration, 
as well as a decrease in ATP synthesis and activation of apop-
tosis, and activation of anaerobic processes with hyperlac-
tatemia (6). In the activation of the above processes, a special 
role is given to the mitochondria of neurons. Mitochondria 
are cellular organelles that mainly perform an energy-pro-
ducing function (macroergic substrates in the form of ATP): 
however, the functional activity of mitochondria is also real-
ized in the regulation of the cell redox state and apoptosis (7). 
Active forms of oxygen are by-products of normal mitochon-
drial metabolism, which play a significant negative role in 
the pathogenesis of ischemic stroke, initiating the processes 
of cellular and subcellular lipoperoxidation, as well as acti-
vating calcium influx, increasing its intracellular concentra-
tion to a toxic level (8). Mitochondrial-dependent apoptosis, 
as a rule, is activated upon reaching the minimum ATP level 
acceptable for normal cell functioning and includes caspase-
dependent and caspase-independent cascade reactions (9). 
The effector system of caspase-dependent apoptosis is 
caspase-3, which acts as an enzyme, a DNA sequencer (10). 
Caspase-independent apoptosis is activated by decreasing  
mitochondrial membrane potential, resulting in opening of 
the mitochondrial permeability transition pore with cyto-
chrome C releasing, activation of the apoptosis-inducing fac-
tor and formation of apoptosome (11). As a result of the de-
scribed pathogenetic mechanisms, intensification of neuronal 
death in the “ischemic penumbra” and an increase in the zone 
of cerebral infarction are noted, which in turn contribute to 
the clinical symptoms of ischemic stroke: cognitive dysfunc-
tion, neurological deficit, sensorimotor disorders, 

paresthesia, and depression (12). In this regard, it can be as-
sumed that a targeted effect on mitochondria can reduce the 
degree of brain damage in conditions of ischemic stroke. In 
previous studies, potential cerebroprotective properties of 4-
hydroxy-3,5-di-tertbutyl cinnamic acid have been identified, 
which may also be associated with the restoration of mito-
chondrial function by stabilizing the activity of cytochrome 
C oxidase and ATP synthetase (mitochondrial complex IV 
and V respectively) (13). In this respect, the aim of this study 
was to evaluate the effect of 4-hydroxy-3,5-di-tertbutyl cin-
namic acid on the change of functional activity of the brain 
mitochondria of rabbits in conditions of cerebral ischemia. 

MATERIALS AND METHODS 

Experimental animals 

As a biological model, this study used 48 male Soviet 
Chinchilla rabbits weighing 2300-2500 g. The animals were 
kept in standard living system laboratory conditions at the 
Pyatigorsk Medical and Pharmaceutical Institute with a nat-
ural change in the daily cycle (12 hours a day, 12 hours a 
night), relative humidity 60 ± 5 % and ambient temperature 
20 ± 30 ° C. The rabbits were housed in individual cages with 
free access to food and water. The animals were removed 
from the experiment by cervical dislocation under chloral hy-
drate anesthesia (chloral hydrate 350 mg/kg, intraperitone-
ally). The keeping and manipulation of animals was in ac-
cordance with generally accepted standards of experimental 
ethics (Directive 2010/63/EU of the European Parliament 
and of the Council on the protection of animals used for sci-
entific purposes, adopted on September 22, 2010). 

Test objects 

In this study, the test object was 4-hydroxy-3,5-di-tertbu-
tyl cinnamic acid (Fig. 1). The studied substance was ob-
tained at the Department of Organic Chemistry of the Pyati-
gorsk Medical and Pharmaceutical Institute under the super-
vision of professor E.T.   Oganesyan.  The authenticity of the 
compound was confirmed by UV, IR and NMR spectros-
copy. Ethylmethylhydroxypyridine succinate (Mexidol, 
FARMASOFT, Russia) at a dose of 100 mg/kg was used as 
a reference drug (14). 

Figure 1. The structure of 4-hydroxy-3,5-di-tertbutyl  
cinnamic acid. 
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Study design 

The study was approved by the local ethics committee 
(protocol No. 18 of June 25,2019). The study was realized in 
2 steps. In the first step, the pharmacological efficacy of the 
test compound and the reference drug were evaluated with 
prophylactic administration. In the second step, the test ob-
ject and reference drug were introduced after modeling cere-
bral ischemia in order to assess the therapeutic effect. In the 
course of the experiment, at each of the steps, six equal ex-
perimental groups of animals were formed (n=4 in each 
group). The first group included sham-operated animals 
(SO), to which all successive surgical procedures were ap-
plied except ligation of the common carotid arteries. The sec-
ond group was the negative control group (NC); it included 
animals deprived of pharmacological support (this group of 
animals was administered isotonic sodium chloride solution). 

Groups No. 3-5 were given 4-hydroxy-3,5-di-tertbutyl cin-
namic acid (laboratory code ATACL) at doses of 50 mg/kg, 
100 mg/kg, and 150 mg/kg, respectively Animals of the sixth 
group were treated with the reference drug, Mexidol, at a 
dose of 100 mg/kg. In the first step of the study, the ATACL 
compound and the reference drug were administered per os 
for 14 days before the brain ischemia modeling. In the second 
stage of the experimental work, the ATACL substance and 
the reference drug were administered intragastrically after re-
producing ischemic brain damage for 14 days. Animals were 
removed from the experiment by cervical dislocation with 
decapitation in the first step of the experiment, 24 hours after 
the reproduction of ischemia. In the second step of the exper-
iment, the animals were removed after 14 days of administra-
tion of the test compound and the reference drug. The study 
design is presented in Fig. 2. 

 

Cerebral ischemia model 

Cerebral ischemia in rabbits was modeled by ligation of 
the common carotid arteries (subtotal permanent brain ische-
mia). In anesthetized animals (acepromazine 1 % solution, 
0.05 ml/kg, intramuscularly + chloral hydrate 350 mg/kg, in-
traperitoneally + atropine sulfate 0.1 %, 0.1 ml, subcutane-
ously), the fell on the lower side of the neck was removed. 
Then an incision was made and soft tissues and muscles were 
dissected, after which the left and right common carotid ar-
teries were visually detected. The arteries were isolated, 
cleaned of adjacent tissues and nerve fibers, after which a silk 
thread was inserted under the artery, which was used to bind 
the artery, while the termination of blood flow was visually 
noted above the ligation site. The tissue topography was then 

restored, and the wound was sutured and treated by antiseptic 
(Benzyldimethyl (3-myristoilamine) propyl) ammonium 
chloride monohydrate); 0.01 % solution). 

Neurological deficit determination 

The degree of development of neurological deficit was 
evaluated according to the McGraw scale (1976) according 
to the parameters presented in Table 1. 

Table 1. McGraw neurological deficiency scale (1976) 

Symptoms / parameters Neurological deficit score 
Inertness 0.5 
Tremor 1 

157

Figure 2. Study design 



Symptoms / parameters Neurological deficit score 
One-side hemiptosis 1 
Bi-side hemiptosis 1.5 
Limb weakness 1.5 
One-side ptosis 1.5 
Bi-side ptosis 1.5 
Circular motion 2.0 
Limbs paresis (1-4) 2-5 
Limb paralysis (1-4) 3-6 
Coma 7.0 
Death 10.0 

 
The total score of 0.5-2.0 corresponded to a mild degree 

of neurological deficit; the score of 2.5-5.0 presented moder-
ate severity; the score of 5.5-10 presented severe neurologi-
cal deficit, while the degree of neurological deficit was de-
termined by the sum of the relevant points (15). 

Biomaterial sample preparation 

Brain was used as biomaterial. The animals were decapi-
tated under anesthesia and the organs were collected and di-
vided into two parts, after which the first part of the bio-
material was homogenized in a Potter mechanical homoge-
nizer in a selection medium (1 mmol EDTA, 215 mmol man-
nitol, 75 mmol sucrose, 0.1% BSA solution, 20 mmol 
HEPES, with a pH 7.2). The cell population was obtained by 
differential centrifugation, for which the obtained biogenic 
homogenate was centrifuged in the mode of 1400g by 3 min 
at 40 °C, after which the supernatant was transferred to 2 ml 
tubes. Next, the resulting supernatant was centrifuged at 
13000g for 10 min and the supernatant (culture contains na-
tive mitochondria) was removed for respirometric analysis 
(16). The second part of the brain was homogenized in PBS 
with a pH 7.4 in a ratio of 1:7 and centrifuged in the mode of 
10000 g for 5 min, then the resulting supernatant was taken 
for ELISA. 

Respirometric analysis 

Analysis of mitochondrial respiratory function was car-
ried out by the method of respirometry using the AKPM1-
01L laboratory respirometer system (Alfa Bassens, Russia). 
The mitochondrial respiratory function was assessed by the 
change in oxygen consumption in the medium against the in-
troduction of mitochondrial respiratory uncouplers. In the 
last stage, there was a sequential addition of oligomycin -1 
µg/ml, 4 - (trifluoromethoxy) phenyl) hydrazono) malono-
nitrile (FCCP-1 µM), rotenone - 1 µM, and sodium azide - 20 
mmol. Glucose was used as an oxidation substrate– at a dose 
of 15 mmol The overall assessment of mitochondrial function 
was determined by the level of oxygen consumption in the 
medium after sequential addition of oligomycin, FCCP and 
rotenone to the medium. The ATP-generating ability was de-
termined by the difference in oxygen consumption after the 
addition of FCCP and oligomycin; the maximum level of res-
piration was determined according to the difference in oxy-
gen consumption after the addition of FCCP and rotenone 
and the respiratory capacity was determined according to the 

difference in oxygen consumption after the addition of FCCP 
and the basal level of oxygen consumption. The activity of 
anaerobic processes was evaluated when glucose was used as 
an oxidation substrate during the registration of oxygen con-
sumption under the conditions of sequential addition of glu-
cose, oligomycin and sodium azide to the medium. The in-
tensity of glycolysis was determined according to the differ-
ence in oxygen consumption after adding glucose and the ba-
sal level of oxygen consumption; glycolytic capacity was de-
termined according to the difference in oxygen consumption 
after adding oligomycin and glucose; and glycolytic reserve 
was determined according to the difference in oxygen con-
sumption after adding glucose and sodium azide. During the 
analysis, the biosample volume was 275 μl, and 25 μl of in-
jected analyzers. Oxygen consumption was determined in 
ppm (17). 

Study of mitochondrial pore opening 

The effect of the ATACL compound and the reference 
drug on the opening of the mitochondrial pore was evaluated 
by the spectrophotometric method. The incubation medium 
contained: 0.5 ml of the analyzed supernatant, 200 mM KCl, 
and 0.5 ml of a 1 μm solution of cyclosporin A. The resulting 
mixture was adjusted to 2 ml with HEPES buffer solution 
with a pH of 7.4. The optical density of the mixture was rec-
orded at λ= 540nm, then the resulting solution was incubated 
for 25 min at room temperature with constant stirring. At the 
same time, the latent time of opening of the mitochondrial 
pore in seconds was evaluated (by changing the optical den-
sity of the incubation medium) (17). 

Study of mitochondrial membrane potential 

Mitochondrial membrane potential was evaluated using 
the spectrophotometric method. The incubation medium con-
tained 0.5 ml of the analyzed supernatant and 0.5 ml of a 9 
μm solution of safranin O. The resulting mixture was ad-
justed to 2 ml with HEPES buffer solution with a pH of 7.4. 
The optical density of the mixture was recorded at λ=515 nm 
and λ=525 nm. The proton moving force (transmembrane 
electrochemical gradient, ∆Ψ) was determined by the differ-
ence in the optical density: ∆Ψ=A515-A525 (17). 

ELISA study 

In this study, the concentration of caspase-3 was deter-
mined by enzyme-linked immunosorbent assay in the super-
natant of the brain of animals. The study was performed us-
ing a specific kit for ELISA manufactured by Cloud clone 
corp. (USA). The biosamples preparation and the course of 
the analysis were consistent with the recommendations of the 
kit manufacturer. The results were read using an Infinite F50 
microplate reader system (Tecan, Austria). 

Statistical analysis 

Statistical processing of the obtained data was carried out 
in the software package of statistical analysis STATISTICA 
6.0 for Windows (StatSoft, USA). The results were expressed 
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as M (mean) ± SEM. Data was checked for normal distribu-
tion (Shapiro-Wilk test). Comparison of the groups of means 
was performed by the method of one-way analysis of vari-
ance (ANOVA) with post-processing of Newman-Keuls 
(normal distribution) or Kruskal-Wallis (abnormal distribu-
tion). 

RESULTS 

The effect of the ATACL compound and Mexidol on the 
change in neurological deficit in animals suffering from 
cerebral ischemia 

In the first step of the study, in animals of the NC group 
in relation to the SO group, an increase in the degree of neu-
rological deficit by 16.4 times (p<0.01) was evaluated. With 
the prophylactic administration of the ATACL compound at 
doses of 50 mg/kg, 100 mg/kg, 150 mg/kg, and Mexidol to 
animals after 24 hours of ischemia, a decrease of neurological 
deficit by 1.69 times compared with rabbits of the NC group 
by 1,69 (p<0.05), 2.08 (p<0.05), 1.63 (p<0.05) and 1.75 
(p<0.05) times, respectively (Fig. 3) was noted. 

In the second step of the experiment, an increase in neu-
rological deficit by 38.4 times (p<0.01) was noted in animals 
of the NC group, after reproducing cerebral ischemia, in com-
parison with the SO group. At the same time, therapeutic  ad-
ministration (in the post ischemic period) of the ATACL 
compound at doses of 50 mg/kg, 100 mg/kg and 150 mg/kg 
contributed to a decrease in neurological deficit by 1.57 times 
(p,<0.05), 2.91 times (p<0.05) and 1.78 times (p<0.05), re-
spectively. Moreover, the degree of neurological symptoms 
in animals treated with Mexidol after modeling cerebral is-
chemia was 1.68 times (p <0.05) less than that in the NC 
group (Fig. 4). In addition, in animals that were administered 
the ATACL compound at a dose of 100 mg/kg, neurological 
deficit decreased in relation to animals receiving the ATACL 
substance at doses of 50 mg/kg, 150 mg/kg and Mexidol by 
84.8%(p<0.05 ), 63.6% (p,<0.05) and 72.7% (p<0.05), re-
spectively (Fig. 3). 

Figure 3. Change in the degree of neurological deficit in  
animals that were treated with the ATACL compound  

and Mexidol in conditions of cerebral ischemia 
 

 

Note: # - statistically significant relative to the SO group of 
animals (Newman-Keuls test (p<0.01)); * - statistically sig-
nificant relative to the NC group of animals (Newman-Keuls 
test (p<0.05)); ∆ - statistically significant relative to the group 
of animals treated with the ATACL compound at a dose of 
100 mg/kg (Newman-Keuls test (p<0.01)). 

The effect of the ATACL compound and Mexidol  
on the change in the membrane potential of the brain  
mitochondria in animals under conditions of cerebral  
ischemia 

In the first stage of the study, it was found that the value 
of the mitochondrial membrane potential (Fig. 5) decreased 
by 3.05 times (p<0.05) in the NC group of animals compared 
to the SO group, after 24 hours of ischemia. At the same time, 
in animals treated with the ATACL compound at doses of 50 
mg/kg, 100 mg/kg and 150 mg/kg, the membrane potential 
of mitochondria increased in relation to the NC group by 
58.2% (p<0.05), 2.17 times (p<0.05) and 80% (p<0.05), re-
spectively. At the same time, against the background of 
prophylactic administration of Mexidol in rabbits, an in-
crease in the electric potential of the mitochondrial mem-
brane relative to the NC group of animals by 93.7% (p<0.05) 
was noted. 

In the second step of the experimental work, under con-
ditions of therapeutic administration of the ATACL com-
pound and Mexidol (Fig. 4), it was found that the value of the 
mitochondrial membrane potential in animals of the NC 
group was decreased by 9.83 times (p <0.01) compared to the 
SO group. Moreover, against the background of the use of 
the compound ATACL at doses of 50 mg/kg, 100 mg/kg and 
150 mg/kg, the value of the membrane potential of the brain 
mitochondria increased in relation to the NC group of ani-
mals by 3.54 times (p<0.05), 6.86 times (p<0.05) and 5.6 
times (p<0.05), respectively. At the same time, therapeutic 
administration of Mexidol to animals contributed to an in-
crease in the mitochondrial membrane potential in compari-
son with the NC group by 5.7 times (p<0.05). 

Figure 4. Change in the membrane potential of brain  
mitochondria in animals with the administration of the  

compound ATACL and Mexidol under conditions  
of cerebral ischemia 
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Note: statistically significant relative to the SO group of ani-
mals (Kruskal-Wallis test # - p<0.05; - p<0.01); * - statisti-
cally significant relative to the NC group of animals (Krus-
kal-Wallis test (p<0.05)). 

The effect of the ATACL compound and Mexidol on the 
change in the degree of opening of the mitochondrial  
pore under cerebral ischemia 

During the course of this study block, in animals of the 
NC group (step 1), in comparison with the SO group, a de-
crease of the latent time of opening of the mitochondrial pore 
(Fig. 5) by 3.77 times (p <0.05) was noted. The prophylactic 
administration of the ATACL compound at a dose of 50 
mg/kg did not significantly affect the degree of opening of 
the mitochondrial pore, while the use of this compound at 
doses of 100 mg/kg and 150 mg/kg contributed to an increase 
(relative to the NC group) of the latent time of mitochondrial 
formation pores by 90.6% (p<0.05) and 39% (p<0.05), re-
spectively. Against the background of prophylactic admin-
istration of Mexidol, the frequency of opening of the mito-
chondrial pore decreased in comparison with the NC group 
by 51.5% (p<0.05). 

Under the conditions of therapeutic administration of the 
ATACL compound and Mexidol (step 2 of the experimental 
work), a decrease in the latent time of formation of the mito-
chondrial pore in the NC group of animals, with respect to 
the SO group, by 12.7 times (p <0.05) was noted. At the same 
time, in animals treated with the ATACL compound at doses 
of 50 mg/kg; 100 mg/kg and 150 mg/kg, the degree of open-
ing of the mitochondrial pore was by 3.18 times (p<0.05), 
6.42 times (p<0.05) and 5.18 times (p<0.05) less than the 
similar value of the NC group (Fig. 5). Against the back-
ground of the use of Mexidol, an increase in the latent time 
of opening of the mitochondrial pore with respect to the NC 
group of animals by 5.3 times (p <0.05) was noted. In addi-
tion, the latent time of mitochondrial pore formation in ani-
mals that were treated by ATACL compound at a dose of 100 
mg/kg was 2 times (p <0.05) longer than that in rabbits 
treated with the ATACL substance at a dose of 50 mg/kg 
(Fig. 5). 

Figure 5. Change in latent time of opening of the  
mitochondrial pore in animals with the administration of the 

ATACL compound and Mexidol under conditions of  
cerebral ischemia 

 

Note: # - statistically significant relative to the SO group of 
animals (Newman-Keuls test (p<0.05)); * - statistically sig-
nificant relative to the NC group of animals (Newman-Keuls 
test (p<0.05)); ∆ is statistically significant relative to the 
group of animals treated with the ATACL compound at a 
dose of 100 mg/kg (Newman-Keuls test (p<0.01)). 

The effect of the ATACL compound and Mexidol on the 
change in the respirometric function of mitochondria in 
animals under cerebral ischemia 

During the first block of the experimental study, a de-
crease in ATP-generating ability, maximum level of respira-
tion and respiratory capacity in animals of the NC group, af-
ter 24-hour cerebral ischemia, relative to the SO group by 5.5 
times (p<0.01), 6 times (p<0.01) and 4.6 times (p<0.01), re-
spectively, was observed (Fig. 6). At the same time, the 
prophylactic use of Mexidol contributed to the increase in 
ATP-generating ability of animals by 3.3 times (p<0.01), the 
maximum level of respiration by 4.1 times (p<0.01) and res-
piratory capacity by 3.1 times (p<0.01), in relation to the NC 
group of animals. Against the background of administration 
(prior to the simulation of cerebral ischemia) to animals, the 
ATACL compound at a dose of 50 mg/kg compared with the 
NC group showed an increase in ATP-generating ability, 
maximum respiratory rate and respiratory capacity by 2.2 
times (p<0.01), 2.4 times (<0.01) and 2 times (p<0.01), re-
spectively. On the other hand, when using this compound at 
a dose of 100 mg/kg, the indicators evaluated at this stage of 
the experimental work increased by 4.1 times (p<0.01), 4.8 
times (p<0.01) and 4.3 times (p<0.01), respectively, relative 
to the NC group of animals (Fig. 6). With the prophylactic 
use of the ATACL compound at a dose of 150 mg/kg in rela-
tion to the group of animals deprived of pharmacological 
support, an increase in ATP-generating ability by 3.5 times 
(p<0.01) and the maximum level of respiration by 4.4 times 
(p<0.01) and respiratory capacity by 3.7 times (p<0.01) was 
observed. 

Figure 6. Change in the processes of mitochondrial  
respiration during the prophylactic administration of the 

ATACL compound and Mexidol under conditions of  
cerebral ischemia 

 
Note: # - statistically significant relative to the SO group of 
animals (Kruskal-Wallis test (p<0.01)); * - statistically 
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significant relative to the NC group of animals (Kruskal-Wal-
lis test (p<0.01)). 

During the second step of the study,  there was a decrease 
in ATP-generating ability, maximum respiratory rate and res-
piratory capacity in animals of the NC group after 14 days of 
cerebral ischemia, in comparison with the SO group, by 13.3 
times (p<0.01); 14.5 times (p<0.01) and 9.3 times (p<0.01), 
respectively, (Fig. 7). Against the background of therapeutic 
administration of Mexidol (Fig. 7) in relation to the NC group 
of animals, an increase in ATP-generating ability by 9.1 
times (p<0.01), maximum respiratory rate by 10.8 times 
(p<0.01) and respiratory capacity 7.5 times (p<0.01) was ob-
served. At the same time, the therapeutic administration of 
the ATACL compound at a dose of 50 mg/kg contributed to 
the restoration of the mitochondrial respirometric function, 
which was expressed as an increase (in comparison with the 
NC group of animals) of ATP-generating ability, maximum 
respiratory rate and respiratory capacity by 5.2 times 
(p<0.01); 3.7 times (p<0.01) and 3.5 times (p<0.01), respec-
tively. When using the ATACL substance at a dose of 100 
mg/kg in the post-ischemic period, an increase in ATP-
generating ability, maximum respiratory rate and respiratory 
capacity in relation to the group of animals lacking pharma-
cological support was observed 11 times (p<0.01), 12.2 times 
(p<0.01) and 8.6 times (p<0.01), respectively. At the same 
time, the therapeutic administration of ATACL at a dose of 
150 mg/kg contributed to an increase in ATP-generating abil-
ity relative to the NC of the animal group by 9.4 times 
(p<0.01), maximum respiratory rate by 11.1 times (p<0.01) 
and respiratory capacity by 7.5 times (p<0.01). 

Figure 7. Change in the processes of mitochondrial  
respiration during therapeutic administration of the ATACL 

compound and Mexidol under conditions of  
cerebral ischemia 

 
 
Note: # - statistically significant relative to the SO group of 
animals (Kruskal-Wallis test (p <0.01)); * - statistically sig-
nificant relative to the NC group of animals (Kruskal-Wallis 
test (p <0.01)) 

 

 

The effect of the ATACL compound and Mexidol on 
changes in the activity of anaerobic processes in animal 
brain tissue under cerebral ischemia 

During the first step of the study, in animals of the NC 
group compared to the SO group, there was an increase in 
glycolysis intensity by 8.8 times (p<0.001) and a decrease in 
glycolytic capacity by 4.1 times (p <0.001), while glycolytic 
reserve took a negative value (Fig. 8). Against the back-
ground of prophylactic administration of Mexidol, a restora-
tion of the glycolytic reserve was noted, as well as an increase 
in glycolytic capacity by 2.2 times (p<0.001), accompanied 
by a decrease in the intensity of glycolysis compared to the 
NC group of animals by 2.4 times (p<0.001). When using the 
ATACL compound at a dose of 50 mg/kg, the glycolysis in-
tensity decreased by 2.4 times (p<0.001) with respect to the 
NC group, while the glycolytic capacity increased by 1.5 
times (p<0.001) against the background of the restoration of 
the glycolytic reserve. At the same time, the glycolysis inten-
sity against the background of ATACL compound admin-
istration at doses of 100 mg/kg and 150 mg/kg decreased in 
comparison with the NC group by 3.7 times (p<0.001) and 
2.3 times (p<0.001), respectively. The value of glycolytic ca-
pacity increased by 3.2 times (p<0.001) and 1.7 times 
(p<0.001), respectively. It should be noted that in animals 
prophylactically treated with the ATACL compound at doses 
of 100 mg/kg and 150 mg/kg, a restoration of the glycolytic 
reserve was noted (Fig. 8). 

Figure 8. Change in the activity of anaerobic processes in 
animal brain tissue during the prophylactic administration 

of the ATACL compound and Mexidol under conditions of 
cerebral ischemia 

 

Note: # - statistically significant relative to the SO group of 
animals (Newman-Keuls test (p <0.001)); * - statistically sig-
nificant relative to the NC group of animals (Newman-Keuls 
test (p<0.001)). 

At the second step of the study, in animals of the NC 
group after 14 days of ischemia, in comparison with the SO 
group, an increase in the intensity of glycolysis by 11.7 times 
(p<0.001) was observed, accompanied by a decrease in gly-
colytic capacity by 6.5 times (p<0.001) with a negative value 
of the glycolytic reserve (Fig. 9). The therapeutic administra-
tion of Mexidol in relation to the NC group showed a 
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decrease in the intensity of glycolysis by 2.9 times (p<0.001) 
and an increase in glycolytic capacity by 3.4 times (p<0.001) 
when restoring the glycolytic reserve. At the same time, 
against the background of the ATACL compound use at a 
dose of 50 mg/kg, a decrease in the intensity of glycolysis 
and an increase in glycolytic capacity relative to animals de-
prived of pharmacological support by 3.4 times (p<0.001) 
and 3.7 times (p<0.001), respectively, were noted. In this 
case, the glycolysis intensity decreased by 5.4 times 
(p<0.001) and 3 times (p<0.001) when the animals were ad-
ministered the ATACL compound at doses of 100 mg/kg and 
150 mg/kg. On the other hand, the glycolytic capacity in-
creased when the ATACL substance was administered at 
doses of 100 mg/kg and 150 mg/kg, compared with the NC 
group of animals, by 5.5 times (p <0.001) and 3 times (p 
<0.001), respectively. It should be noted that with the thera-
peutic use of the ATACL compound in the entire studied 
dose range, the restoration of the glycolytic reserve was ob-
served (Fig. 9). 

Figure 9. Changes in the activity of anaerobic processes in 
animal brain tissue during therapeutic administration of the 

ATACL compound and Mexidol under conditions of  
cerebral ischemia 

 

Note: # - statistically significant relative to the SO group of 
animals (Newman-Keuls test (p<0.001)); * - statistically sig-
nificant relative to the NC group of animals (Newman-Keuls 
test (p<0.001)). 

The effect of the ATACL compound and Mexidol on 
changing the concentration of caspase -3 in animal brain 
tissue under cerebral ischemia 

During the first stage of the study, in animals of the NC 
group, in comparison with the SO group, an increase in the 
concentration of caspase-3 in the brain supernatant by 10.6 
times (p<0.001) was noted. At the same time, prophylactic 
administration of Mexidol contributed to a decrease in the 
level of capsase-3 in relation to the NK group of animals by 
57.4% (p<0.05). Also, the concentration of caspase-3 de-
creased with the administration of 100 mg/kg and 150 mg/kg 
ATACL compound to animals by 2.2 times (p<0.05) and 
48.5% (p<0.05), while prophylactic use of this compound at 
a dose of 50 mg/kg did not significantly affect the change in 
caspase-3 level in the supernatant of animals brain (Fig. 10). 

At the second stage of the study, in animals of the NC 
group, after 14 days of the ischemic period, the concentration 
of capsase-3 in the supernatant of the animals brain exceeded 
the similar indicator of the SO group by 12.8 times 
(p<0.001). Against the background of therapeutic admin-
istration of Mexidol in animals, a decrease in the level of 
caspase-3 by 2.1 (p<0.05) in comparison with the NC group 
was noted. At the same time, in animals therapeutically 
treated with ATACL at doses of 50 mg/kg, 100 mg/kg and 
150 mg/kg, the concentration of caspase-3 in the supernatant 
of the brain was lower than that in the NC group of animals 
by 51.5% (p <0.05), by 2.6 times (p<0.05) and by 92.3% 
(p<0.05), respectively (Fig. 10). 

Figure 10. Change in the concentration of caspase-3 in the 
animals’ brain tissue with the administration of the ATACL 

compound and Mexidol under conditions  
of cerebral ischemia 

 

Note: # - statistically significant relative to the SO group of 
animals (Newman-Keuls test (p<0.001)); * - statistically sig-
nificant relative to the NC group of animals (Newman- Keuls 
test (p<0.05)). 

DISCUSSION  

The high medical, social and economic impact of is-
chemic cerebrovascular accident makes it relevant to search 
for optimal treatment and prevention strategies for this con-
dition (19). Among the existing methods of treating ischemic 
stroke, thrombolytic therapy that aims at fast restoration of 
cerebral blood flow is generally recognized (20). However, 
despite the proven effectiveness of thrombolytic pharma-
cotherapy, this pharmacological approach has significant 
limitations for use (such as a small therapeutic window); In 
addition, there is a significant risk of reperfusion complica-
tions of thrombolytic therapy (21). It is important that 
measures used to prevent ischemic stroke are focused on re-
ducing the impact of risk factors (hypreglycemia, atheroscle-
rosis, coronary heart disease) on the human body, or limited 
to the use of dietary supplements of cerebrotropic action, 
which often have little evidence of use (22). In this regard, 
the development of new ways of preventing and treating 
brain ischemic damage becomes relevant. Literary sources 
provide data on the positive effect of compounds - deriva-
tives of a cinnamic acid on the functional state of brain cells 
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under ischemic conditions. Thus, a study by Zhao et al, 2015 
showed that the use of cinnamaldehyde helped to reduce neu-
rological deficit and the cerebral infarction zone area, sup-
pressed the activation of intracellular signal transduction 
molecules, and decreased the concentration of pro-inflamma-
tory markers and leukocyte infiltration of the ischemic site in 
animals with permanent brain ischemia (23). Hemmati et.al., 
2018 demonstrated the variable dose-dependent effect of cin-
namic acid on the course of redox reactions and oxidative 
stress under conditions of streptozotocin-induced dementia. 
Under these experimental conditions, the use of cinnamic 
acid contributed to the restoration of the memorial trail in an-
imals, normalization of the activity of antioxidant enzymes 
(superoxidedismutase and catalase) and a decrease in lipid 
peroxidation (24). Also, a study by Ren et.al.2017 showed 
that, in conditions of cerebral ischemia, the use of ferulic acid 
reduced the risk of reperfusion complications by suppressing 
apoptotic reactions and normalizing the antioxidant state of 
the cell (25). In this regard, it seems advisable to study cin-
namic acid derivatives as cerebroprotective agents. 

The study showed that the use of 4-hydroxy-3,5-di-
tertbutyl cinnamic acid helped to restore the functional activ-
ity of the rabbits brain mitochondria under conditions of cer-
ebral ischemia. In this case, the most pronounced pharmaco-
logical effect was noted in the use of 4-hydroxy-3,5-di-
tertbutyl cinnamic acid at a dose of 100 mg/kg. Thus, the 
prophylactic and therapeutic administration of this ATACL 
dose to animals showed a decrease in neurological deficit and 
contributed to a restoration of the mitochondrial membrane 
potential, which was higher than that in the group of animals 
without pharmacological support. In addition, with the 
prophylactic (before the modeling of ischemia) administra-
tion of 4-hydroxy-3,5-di-tertbutyl cinnamic acid, an increase 
in ATP-generating ability, maximal respiratory rate and res-
piratory capacity, respectively, was noted. Under conditions 
of therapeutic administration, these parameters increased as 
well. Also, both the prophylactic and therapeutic use of 4-
hydroxy-3,5-di-tertbutyl cinnamic acid contributed to the 
normalization of aerobic/anaerobic metabolism, and to a de-
crease in the concentration of the proapoptotic enzyme 
caspase-3.  

In previous studies, the cerebroprotective properties of 4-
hydroxy-3,5-di-tertbutyl cinnamic acid were established 
(13), but the detailed mechanism of action of this compound 
was not  established. This study represent data on the positive 
effect of 4-hydroxy-3,5-di-tertbutyl cinnamic acid on bioen-
ergetic processes occurring in the brain mitochondria under 
cerebral ischemia, and large laboratory animals that are more 
susceptible to ischemic effects were used as a biological 
model. Thus, the mechanism of the cerebrotropic action of 4-
hydroxy-3,5-di-tertbutyl cinnamic acid can be mediated by 
the restoration of mitochondrial function. Literature also pro-
vides data on the positive effects of cinnamic acid derivatives 
on mitochondrial function. A study by Meeprom et.al., 2018 
showed that the use of isoferulic acid reduces the degree of 
damage to mitochondria under conditions of methylglutoxal-
induced apoptosis (26). The anti-apoptotic effect of cinnamic 

acid derivatives was also established by Wang et.al., 2018, 
where it was demonstrated that ligustrazine-cinnamon acid 
derivatives suppressed cytochrome C releasing and restored 
the activity of the anti-apoptotic complex Bcl-2 / Bax upon 
the induction of apoptosis of cobalt chloride (27). The posi-
tive effect of cinnamic acid was shown in the study by 
Anupama et.al., 2018, where the use of cinnamic acid con-
tributed to the restoration of mitochondrial membrane poten-
tial and a decrease in the intensity of caspase-dependent 
apoptosis reactions (27). The suppression of apoptosis reac-
tions under the influence of polyphenolic compounds, includ-
ing derivatives of cinnamic acid, may be associated with the 
interaction of this class of compounds with components of 
the mitochondrial pore of transition permeability (mPTP). A 
study by Makoto N., et.al. 2019showed that polyphenolic 
compounds can directly interact with the N-terminal amino 
acid residues of VDAC, thereby changing the conformation 
of this structure and inhibiting the opening of mPTP. In ad-
dition, indirect inhibition of VDAC activity by polyphenolic 
compounds is possible, realized through a change in the ac-
tivity of regulatory proteins -  sirtuins, particulary sirtuin 1 
(29). Cinnamic acid derivatives can also stimulate mitochon-
drial biogenesis, as confirmed by a study by Gannon et.al. 
2015, in which trans-Cinnamaldehyde stimulated mitochon-
drial biogenesis through the activation of AMPK, PGC-1α, 
(PPARa) and PPARß / δ (29). 

At the same time, 4-hydroxy-3,5-di-tertbutyl cinnamic 
acid compares with the favorably mitochondrial dysfunction 
correctors – triphenylphosphonium-based compounds, the 
synthesis and purification of which are laborious and not eco-
nomically viable (31). At the same time, the synthesis of 4-
hydroxy-3,5-di-tertbutyl cinnamic acid is easily performed 
and does not require significant economic investments (31), 
which makes this compound a promising and economically 
affordable cerebroprotective agent with high pharmacologi-
cal activity aiming at restoring mitochondrial function under 
conditions of cerebral ischemia. 

CONCLUSION 

The study showed that both prophylactic and therapeutic 
use of 4-hydroxy-3,5-di-tertbutyl cinnamic acid under condi-
tions of cerebral ischemia contributed to the normalization of 
mitochondrial bioenergetic processes and to a decrease in 
caspase-3 concentration, which ultimately contributed to a 
decrease in neurological symptoms in animals. Based on the 
obtained data, significant cerebroprotective properties of 4-
hydroxy-3,5-di-tertbutyl cinnamic acid, realized through the 
restoration of mitochondrial function, can be assumed. 
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ABSTRACT 

The primary aim of this retrospective study was to estimate signif-
icance of determining C-reactive protein and procalcitonin for a 
diagnosis of sepsis in adult patients in early triage. Also, the aim 
of this study was to measure the sensitivity of the SIRS criteria, 
PCT and CRP levels and sepsis definitions to identify the most 
serious sepsis cases in the prehospital setting and at the Emer-
gency Department (ED) triage. All patients were divided into two 
groups according to specific criteria for defining sepsis. First 
group (SIRS+ group) of patients were patients with clinically 
and/or laboratory confirmed sepsis (or systemic inflammatory re-
sponse syndrome (SIRS) to bacterial infection with different local-
ization). For confirmation of the SIRS we consider positive two or 
more clinical criteria (≥2 clinical criteria). The SIRS criteria use 
the clinical criteria of the Surviving Sepsis Campaign (SSC) for 
the SIRS, comprising at least two of the following criteria: HR > 
90/min, RR > 20/min and temperature < 36° or ≥ 38.3°C and the 
next laboratory parameters such as leucocytosis > 15x109/L, leu-
copenia < 4x109/L, > 10% immature leucocytes. Second group 
of patients were patients with the SIRS negative criteria as a di-
agnostic tool (SIRS- group). We have founded that the CRP 
showed high sensitivity but no specificity in patients with sepsis, 
but on the other side, the PCT as a diagnostic marker showed a 
high sensitivity and high specificity in these patients. Also, the 
PCT is in positive correlation with the SIRS criteria, which could 
be of a clinical significance in early diagnosis of septic infections. 
 
Keywords: sepsis, C-reactive protein, procalcitonin, early  
diagnostic markers. 
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INTRODUCTION 

Dry eye disease (DED) is a common, multifactorial dis-
ease of the lacrimal system and ocular surface [1].  Loss of 
homeostasis, instability and hyperosmolarity of the tears, 
chronic inflammation in the eye and consequent neurosen-
sory dysfunction are usually manifested by visual disturb-
ance, dryness, grittiness, scratchiness, soreness, irritation, 
burning, watering, and eye fatigue. Significantly reduced 
functional visual acuity impairs performance of vision-de-
pendent daily activities (reading, writing, driving), greatly di-
minishing quality of life of DED patients [1]. Currently, there 
is no cure for dry eye, and the treatments are directed towards 
improving the symptoms in order to break the vicious circle 
of chronic inflammation [1, 2]. Since clinical manifestations 
of DED are observed in patients who suffer from chronic in-
flammatory and systemic autoimmune diseases (Sjögren’s 
Syndrome, Rheumatoid arthritis, Systemic lupus erythema-
tosus), it was postulated that detrimental immune response 
had a crucially important role in the development and pro-
gression of DED [2-6]. Therefore, molecular mechanisms re-
sponsible for the induction of inflammatory cascade in the 
eyes of DED patients have been evaluated by large number 
of research groups. Considering the important role of inflam-
mation in DED development, the main treatment strategy has 
shifted from hydration and lubrication of dry ocular surface 
to the immunomodulation and immunoregulation-approach 
that should address the main pathologic processes responsi-
ble for disease progression [2-5]. However, it should be noted 
that long-term, systemic use of immunosuppressive drugs 
may result in the development of severe, secondary immuno-
deficiency, significantly increasing the risk for the develop-
ment of infectious diseases and malignancy [6]. Therefore, 
new remedies for DED treatment should suppress detri-
mental immune response in the eye without affecting sys-
temic inflammatory response [7]. 

Due to their capacity for production of immunosuppres-
sive factors, mesenchymal stem cells (MSCs) and their secre-
tome have been considered as potentially new agents in DED 
therapy since they may, after local application in the eye, reg-
ulate detrimental immune response without causing life-
treating systemic immunosuppression [8]. Most recently, it 
was revealed that MSC-derived exosomes (MSC-Exos) were 
mainly responsible for beneficial effects of MSC-sourced se-
cretome in alleviation of inflammatory eye diseases [9]. 
MSC-Exos are nano-sized (30-100nm) vesicles that carry nu-
cleic acids, lipids and proteins (cytokines, chemokines) and 
are capable to modulate migratory and effector functions of 
immune cells (T lymphocytes, dendritic cells (DCs), macro-
phages) which have crucially important pathogenic role in 
DED development and progression. Since membranes of 
MSC-Exos are enriched in cholesterol, sphingomyelin, 
ceramide and lipid raft proteins, these nano-sized carriers of 
MSC-derived immunosuppressive factors may be taken by 
target cells through endocytosis or membrane fusion, regard-
less of biological barriers [9]. 

In line with these findings, we recently developed im-
munomodulatory ophthalmic solution “derived- Multiple Al-
logeneic Proteins Paracrine Signaling (d-MAPPS)” which 
activity is relied on immunosuppressive capacity of MSC-
derived secretome [10]. d-MAPPS contains MSC-Exos, 
growth factors and immunosuppressive cytokines that are 
able to efficiently suppress generation of inflammatory phe-
notype in T cells and macrophages [10].  Herewith, we 
demonstrated that d-MAPPS protected human corneal epi-
thelial cells from chemical injury and efficiently alleviated 
ocular discomfort and pain in DED patients. 

MATERIAL AND METHODS 

Preparation of d-MAPPS samples and eye drops 

Sterile d-MAPPS is a bio-engineered biologic product ob-
tained from amniotic fluid derived MSCs (AF-MSCs), previ-
ously collected from healthy human donors. Blood samples 
were given by the donor prior to or at the time of collection 
and were tested by laboratories certified under the Clinical 
Laboratory Improvement Amendments (CLIA) and were 
found negative using United States (U.S) Food and Drug Ad-
ministration (FDA) licensed tests for detection of at mini-
mum: Hepatitis B Virus, Hepatitis C Virus, Human Immuno-
deficiency Virus Types 1/2, Treponema Pallidum. AF sam-
ples were obtained with patient consent and kept at 4°C until 
processed.  d-MAPPS samples were bio-engineered as AF-
MSC-derived sterile product containing AF-MSC-Exos and 
AF-MSC-derived cytokines and growth factors, manufac-
tured under current Good Manufacturing Practices (cGMP), 
regulated and reviewed by the FDA (10). Sterile d-MAPPS 
incorporate Regenerative Processing Plant’s (RPP) proprie-
tary patented sterilization process to provide for a safe, sterile 
product. d-MAPPS samples as well as d-MAPPS-based eye 
drops, used in this study, were manufactured under specific 
conditions in order to be applicable for bioavailability testing 
and for different therapeutic use. 

Cells 

Therapeutic potential of d-MAPPS in corneal protection 
was determined by using human corneal epithelial cells 
(HCEC). HCEC was purchased from Gibco (catalog no. 
C018-5C). The cells were cultured in keratinocyte serum free 
medium (SFM) (17005-042) at 37°C in a 5% CO2 incubator. 
HCEC in 2nd passage was used throughout the experiment. 

In vitro induction of corneal epithelial cell injury 

HCEC were exposed to 1mL of benzalkonium chloride 
(BAK) at concentrations of 0.001% and 0.005% for 30 min. 
Control cells were treated with phosphate buffer saline [11]. 
HCEC were cultured for additional 48h either in the presence 
of d-MAPPS or medium.  

In order to evaluate whether d-MAPPS improved viabil-
ity of BAK-injured HCEC, MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) test was used. 
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HCEC were diluted with medium to 1x106 cells/ml and 
were placed in individual wells in 96-multiplates. About 48h 
later, after the cell adherence, each well received 100μl of d-
MAPPS or medium. Cells were incubated at 37°C in a 5% 
CO2 incubator for 24h. After incubation, multiplates were 
centrifuged, the supernatant was removed, fresh medium and 
MTT solution (5 mg/ml in PBS) 20μl were added to each well 
and the plates were incubated for an additional 4h. The mul-
tiplates were centrifuged, cell-free supernatants were suc-
tioned off, and DMSO (150μl) and glycine buffer were added 
to dissolve the crystals. The plates were shaken for 10 min. 
The optical density of each well was determined at 595nm 
using microplate multimode detector Zenyth 3100. [12].  

Patients  

There was a total of 131 DED patients recruited (27 male 
and 104 female) with a median age of 62 years (range 19-
85). Patients received d-MAPPS eye drops and were fol-
lowed-up for 12 months. The Principle of Good Clinical 
Practice and the Declaration of Helsinki were always adhered 
to.  Patients were under continuous medical supervision by 
either their Ophthalmologist or Optometrist. 

Clinical assessment of d-MAPPS based effects 

Subjective symptoms were graded numerically using the 
VAS (visual analogue pain score). The scale ranged from 0 
(absence of pain) to 10 (maximal pain). The subjects were 
asked to describe their discomfort or pain using the VAS. 
Standard Patient Evaluation of Eye Dryness Questionnaire 
(SPEED) is a questionnaire used for the evaluation of dry 
eye-related symptoms. The symptoms inquired by the 
SPEED questionnaire include dryness or grittiness or 
scratchiness, soreness or irritation, burning or watering, and 
eye fatigue reported and scored as sometimes-1, often-2, and 
constant-3, and whether these symptoms pose no problems-
0, were tolerable-1, uncomfortable-2, bothersome-3, or intol-
erable-4 [13-14]. 

Statistics 

Data were expressed as the mean ± standard error of the 
mean (SEM) for each group. Results were analyzed by Stu-
dent’s t test. Statistical analyses were performed using SPSS 
25.0 for Windows software (SPSS Inc., Chicago, IL, USA). 
The difference was considered significant when p < 0.05. 

RESULTS 

d-MAPPS showed good tolerability on human corneal 
epithelial cell cultures 

In order to determine whether d-MAPPS was well toler-
ated by HCEC, these cells were cultured in the presence of 
this MSC-derived product. As it is shown in Figure 1A, d-
MAPPS-treatment was not toxic for HCEC. Morphology of 
HCEC was not altered by d-MAPPS and density of d-
MAPPS treated HCEC was not significantly lower when 

compared to the cells that were grown under standard culture 
conditions. Loss of cell-to-cell contact was noticed in BAK-
treated HCEC, while d-MAPPS treated HCEC grew in the 
same manner as under standard culture conditions. Im-
portantly, morphology and density of BAK-injured HCEC 
was remarkably improved after d-MAPPS treatment (Figure 
1A). 

Importantly, viability of BAK-injured HCEC that were 
cultured in the presence of d-MAPPS was significantly 
higher when compared to BAK-injured HCEC that were 
grown under standard culture conditions or AF.  After 5 min 
exposure to BAK, the percentage of viable HCEC had de-
creased by approximately 25%. After 15 min exposure to 
BAK, the viability of HCEC decreased for additional 10%, 
and at the 30 min time point, percentage of live cells signifi-
cantly dropped down, being 48% lower than in the control, 
BAK-untreated group. Importantly, d-MAPPS treatment 
managed to significantly increase viability of BAK-injured 
HCEC at all time points (Figure 1B). The cell viability of 
BAK+d-MAPPS treated HCEC was 85% after 5 min expo-
sure to BAK, 80% at the 10 min time point and percentage of 
viable HCEC was 65% after 30 min exposure to BAK (Figure 
1B). d-MAPPS did not affect viability of BAK-untreated 
cells. There was no significant difference in the percentage 
of viable HCEC between BAK-untreated HCEC that grew 
under standard culture conditions and in the presence of d-
MAPPS (Figure 1B).  

d-MAPPS significantly attenuated VAS and SPEED 
scores in DED patients  

In line with the in vitro-observed results were findings 
obtained in clinical settings. Significantly reduced VAS (Fig-
ure 2A) and SPEED (Figure 2B) scores were noticed in d-
MAPPS-treated DED patients, indicating that d-MAPPS eye 
drops managed to improve symptoms including pain, dry-
ness, grittiness, scratchiness, soreness, irritation, burning, 
watering and eye fatigue (Figure 2). Importantly, d-MAPPS 
induced beneficial effects have been noticed during the entire 
observational period and significantly increased during the 
last 6 months of the follow-up. Significantly lower VAS and 
SPEED scores were documented 3 months after d-MAPPS 
treatment (Figure 2A-B, p<0.001), but the highest reduction 
in VAS and SPEED scores in DED patients were observed 
after 12 months of d-MAPPS-based therapy, indicating the 
long-lasting beneficial effects of d-MAPPS in alleviation of 
ocular symptoms in DED patients.  
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Figure 1. d-MAPPS showed good tolerability on human corneal epithelial cell cultures. 

 

A) Morphology of human corneal epithelial cells (HCEC) was not altered by d-MAPPS. Density of d-MAPPS-treated 
HCEC was not significantly lower when compared to the cells that were grown under standard culture conditions.  

d-MAPPS significantly reduced benzalkonium chloride (BAK)-induced decrease in HCEC density.  
B) Results obtained by MTT assay showed that viability of BAK+d-MAPPS treated HCEC was significantly higher  

when compared to BAK-injured HCEC that were grown under standard culture conditions or amniotic  
fluid (AF).  Results are shown as Mean+/-standard deviation (**p<0.01). 
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Figure 2. d-MAPPS eye drops significantly improved clinical symptoms in DED patients.  

 
 

Significantly reduced (A) Visual Analogue pain (VAS) and  
(B) Standard Patient Evaluation of Eye Dryness Questionnaire (SPEED) scores were noticed in  

131 d-MAPPS treated DED patients, during the 12 month of follow-up (***p<0.001). 

 

DISCUSSION 

Herewith, we demonstrated therapeutic potential of 
newly designed MSC-derived product d-MAPPS eye drops 
in attenuation of DED. d-MAPPS was well tolerated by cor-
neal epithelial cells and promoted their recovery from BAK-
induced injury (Figure 1). Accordingly, d-MAPPS eye drops 
efficiently alleviated ocular symptoms in DED patients, indi-
cating therapeutic potential of d-MAPPS in suppression of 
inflammatory diseases of the eye.   

Several lines of evidence indicated that T cell-driven im-
mune response has crucial role in the pathogenesis of DED 
[15-17]. Furthermore, inflammation can be considered as a 
cause and a consequence of DED [18]. Alterations in tear 
production and composition, particularly elevated osmolar-
ity, promote inflammation on the ocular surface and lid mar-
gins, by activating c-Jun N-terminal kinase (JNK) and NF-kβ 
signaling pathways in epithelial cells which result in en-
hanced secretion of alarmins, pro-inflammatory cytokines 
and chemokines [15, 18]. Increased concentration of these 
mediators attracts circulating monocytes and lymphocytes 
into the lacrimal glands and ocular surface [18]. DCs and T 
cells within ocular surface and draining lymph nodes interact 
to defend the eye against the variety of microbial agents that 
populate or infect the cornea and ocular surface [15, 18]. Res-
ident DCs capture bacterial antigens, present them to the na-
ive CD4+ T cells in regional lymph nodes and through the 
secretion of IL-12 induce their differentiation in effector, 
IFN-γ-producing Th1 cells which, in turn, in IFN-γ-
dependent manner promote polarization of resident macro-
phages in inflammatory M1 phenotype [15]. Th1 cell-derived 
IFN-γ promote apoptosis and squamous metaplasia of the oc-
ular surface epithelia while M1 macrophage-derived matrix 
metalloproteinases (MMPs) and inflammatory mediators (tu-
mor necrosis factor alpha (TNF-α) and nitric oxide) disrupt 
epithelial cell barriers [15, 18]. We recently demonstrated 

that d-MAPPS significantly attenuated concentration of IL-
12 in the supernatants of activated human peripheral blood 
mononuclear cells (pbMNCs) and alleviate production of 
IFN-γ in activated lymphocytes [19]. d-MAPPS contains 
large number of immunoregulatory factors which are capable 
to suppress detrimental T cell-driven immune response [10]. 
Among them, GRO-γ is mainly responsible for the suppres-
sion of DCs:T cell cross-talk and for inhibition of DC-
dependent generation of inflammatory Th1 cells [20]. Human 
MSCs secrete GRO-γ which was found in high concentration 
in d-MAPPS samples [20]. MSCs, in GRO-γ-dependent 
manner induce polarization of monocyte-derived DCs into 
myeloid derived suppressor cells. GRO-γ-treated DCs had a 
tolerogenic phenotype characterized by increased secretion 
of immunosuppressive IL-10, and reduced production of in-
flammatory cytokines IL-12 and IFN-γ [20]. In line with 
these findings, we assume that administration of GRO-γ-
containing d-MAPPS eye drops, suppressed production of 
IL-12 in resident DCs, inhibited generation of Th1 lympho-
cytes and M1 macrophages and resulted in alleviation of eye 
inflammation in DED patients. 

Inflammatory DCs in IL-1, IL-6 and IL-23-dependent 
manner induce differentiation of naïve T cells into effector 
Th17 cells that reduce tear production and promote progres-
sion of DED [18]. In similar manner as Th1 cells, effector 
Th17 cells promote corneal epithelial barrier disruption 
through the enhanced production of IL-17 [15]. Since d-
MAPPS efficiently attenuated production of IL-17 in acti-
vated CD4+ T helper cells [19], we assume that d-MAPPS-
induced suppression of Th17 cell-driven inflammation in the 
eye was, at least partially, responsible for beneficial effects 
of d-MAPPS eye drops in DED patients.  
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CD4+CD25+FoxP3+T regulatory cells (Tregs) have cru-
cially important role in the suppression of eye inflammation 
in DED patients [21]. Reduced number of Tregs, usually ac-
companied with increased expansion of inflammatory CD4+ 
T cells (particularly Th17 cells) is observed in DED patients 
with aggravated diseases, while increased Tregs/Th17 cells 
is followed by tissue repair and regeneration [22-23]. There-
fore, therapeutic agents that may induce generation and pro-
liferation of Tregs have beneficial effects in attenuation of 
DED symptoms [23]. Among MSC-derived immunomodula-
tory factors, Indoleamine 2, 3-dioxygenase 1 (IDO1) was 
crucially responsible for the maintenance of immunosuppres-
sive phenotype in resting Tregs [24-25]. During activation of 
resting Tregs, signals generated from activated T cell recep-
tor, via mammalian target of rapamycin (mTOR) pathway, 
destabilize immunosuppressive phenotype of Tregs and 
cause their reprogramming into a pro-inflammatory helper-
like phenotype (“ex-Tregs”), characterized by enhanced pro-
duction of inflammatory cytokines, particularly IL-17 and 
IFN-γ [25]. As emphasized by us and others, IDO1 maintains 
population of Tregs in inflamed tissue by preventing trans-
differentiation of Tregs in inflammatory Th1 and Th17 cells 
[26-27]. IDO1 activates general control nonderepressible 2 
(GCN2) kinase in activated Tregs which inhibits mTOR sig-
naling and prevents destabilization of immunosuppressive 
phenotype of Tregs enabling their expansion [25]. Having in 
mind that elevated IDO1 activity was measured in d-MAPPS 
samples [10], we believe that IDO-1-dependent expansion of 
Tregs could be, at least partially, responsible for beneficial 
effects of d-MAPPS eye drops in DED patients. 

CONCLUSION 

Due to their immunosuppressive and regenerative prop-
erties, d-MAPPS eye drops represent potentially new thera-
peutic agents that may efficiently alleviate eye inflammation 
and improve quality of life of DED patients.  

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE 

COMPETING INTERESTS 

There are no conflicts of interest. 

FUNDING 

This study was supported by Faculty of Medical Sciences 
University of Kragujevac, Serbia (Grant MP01/18). 

 

LITERATURE 

1. Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS, 
Joo CK, Liu Z, Nelson JD, Nichols JJ, Tsubota K, Sta-
pleton F. TFOS DEWS II Definition and Classification 
Report. Ocul Surf. 2017;15:276-283. 

2. Milner MS, Beckman KA, Luchs JI, Allen QB, Awdeh 
RM, Berdahl J, Boland TS, Buznego C, Gira JP, Gold-
berg DF, Goldman D, Goyal RK, Jackson MA, Katz J, 
Kim T,  Majmudar PA, Malhotra RP, McDonald MB, 
Rajpal RK, Raviv T, Rowen S, Shamie N, Solomon JD, 
Stonecipher K, Tauber S, Trattler W, Walter KA, War-
ing GO 4th, Weinstock RJ, Wiley WF, Yeu E. Dysfunc-
tional tear syndrome: dry eye disease and associated tear 
film disorders - new strategies for diagnosis and treat-
ment. Curr Opin Ophthalmol. 2017;27 Suppl 1:3-47. 

3. Foulks GN, Forstot SL, Donshik PC, Forstot JZ, Gold-
stein MH, Lemp MA, Nelson JD, Nichols KK, 
Pflugfelder SC, Tanzer JM, Asbell P, Hammitt K, Jacobs 
DS. Clinical guidelines for management of dry eye asso-
ciated with Sjögren disease. Ocul Surf. 2015;13:118-32. 

4. Stevenson W, Chauhan SK, Dana R. Dry eye disease: an 
immune-mediated ocular surface disorder. Arch Oph-
thalmol. 2012;130:90-100. 

5. Messmer EM. The pathophysiology, diagnosis, and 
treatment of dry eye disease.  Dtsch Arztebl Int. 
2015;112:71-81. 

6. Nguyen LS, Vautier M, Allenbach Y, Zahr N, Benven-
iste O, Funck-Brentano C, Salem JE. Sirolimus and 
mTOR Inhibitors: A Review of Side Effects and Specific 
Management in Solid Organ Transplantation. Drug Saf. 
2019;42:813-825. 

7. Marshall LL, Roach JM. Treatment of Dry Eye Disease. 
Consult Pharm. 2016;31:96-106. 

8. Villatoro AJ, Fernández V, Claros S, Alcoholado C, 
Cifuentes M, Merayo-Lloves J, Andrades JA, Becerra J. 
Regenerative Therapies in Dry Eye Disease: From 
Growth Factors to Cell Therapy. Int J Mol Sci. 
2017;18(11). pii: E2264. 

9. Harrell CR, Simovic Markovic B, Fellabaum C, Arseni-
jevic A, Djonov V, Arsenijevic N, Volarevic V. Thera-
peutic Potential of Mesenchymal Stem Cell-Derived Ex-
osomes in the Treatment of Eye Diseases. Adv Exp Med 
Biol. 2018;1089:47-57. 

10. Harrell CR, Fellabaum C, Simovic Markovic B, Arseni-
jevic A, Volarevic V. Therapeutic potential of “Exo-
somes derived Multiple Allogeneic Proteins Paracrine 
Signaling: Exosomes d-MAPPS” is based on the effects 
of exosomes, immunosuppressive and trophic factors.   
Ser J of Exp Clin Res. 2018; doi:10.2478/sjecr-2018-
0032.  

11. Cha SH, Lee JS, Oum BS, Kim CD. Corneal epithelial 
cellular dysfunction from benzalkonium chloride (BAC) 
in vitro. Clin Exp Ophthalmol. 2004; 32:180-184. 

12. Arsenijevic M, Milovanovic M, Jovanovic S, Arseni-
jevic N, Markovic BS, Gazdic  M, Volarevic V. In vitro 
and in vivo anti-tumor effects of selected platinum(IV)  
and dinuclear platinum(II) complexes against lung can-
cer cells. J Biol Inorg Chem. 2017;22:807-817.  

172

The study was conducted in accordance with the ethical 
standards of the committee responsible for human experi-
mentation (institutional and national) and the Helsinki Dec-
laration of 1975, as revised in 2013. Voluntary written and 
informed consent was obtained from each participant prior to 
enrollment in the study. 



13. Asiedu K, Kyei S, Mensah SN, Ocansey S, Abu LS, 
Kyere EA. Ocular surface disease index (OSDI) versus 
the standard patient evaluation of eye dryness (SPEED): 
a study of a nonclinical sample. Cornea 2016; 35:175-
180. 

14. Finis D, Pischel N, König C, Hayajneh J, Borrelli M, 
Schrader S, Geerling G. Comparison of the OSDI and 
SPEED questionnaires for the evaluation of dry eye dis-
ease in clinical routine. Ophthalmologe. 2014;111:1050-
1056. 

15. Pflugfelder SC, Corrales RM, de Paiva CS. T helper cy-
tokines in dry eye disease. Exp Eye Res. 2013;117: 
118-25. 

16. Semba CP, Gadek TR. Development of lifitegrast: a no-
vel T-cell inhibitor for the treatment of dry eye disease. 
Clin Ophthalmol. 2016;10:1083-94.  

17. Dohlman TH, Ding J, Dana R, Chauhan SK. T Cell-De-
rived Granulocyte-Macrophage Colony-Stimulating 
Factor Contributes to Dry Eye Disease Pathogenesis by 
Promoting CD11b+ Myeloid Cell Maturation and Mig-
ration. Invest Ophthalmol Vis Sci. 2017;58:1330-1336.  

18. Wei Y, Asbell PA. The core mechanism of dry eye dise-
ase is inflammation. Eye Contact Lens. 2014;40:248-56. 

19. Harrell CR, Simovic Markovic B, Fellabaum C, Milora-
dovic D, Acovic A, Miloradovic D, Arsenijevic N, Vo-
larevic V. Exo-d-MAPPS attenuates production of in-
flammatory cytokines and promotes generation of im-
munosuppressive phenotype in peripheral blood mo-
nonuclear cells. Ser J of Exp Clin Res. 2019; doi: 
10.2478/sjecr-2019-0045. 

20. Chen HW, Chen HY, Wang LT, Wang FH, Fang LW, 
Lai HY, Chen HH, Lu J, Hung MS, Cheng Y, Chen MY, 
Liu SJ, Chong P, Lee OK, Hsu SC. Mesenchymal stem 
cells tune the development of monocyte-derived dendri-
tic cells toward a myeloid-derived suppressive pheno-
type through growth-regulated oncogene chemokines. J 
Immunol. 2013;190:5065-77. 

21. Ratay ML, Glowacki AJ, Balmert SC, Acharya AP, Po-
lat J, Andrews LP, Fedorchak MV, Schuman JS, Vignali 
DAA, Little SR. Treg-recruiting microspheres prevent 
inflammation in a murine model of dry eye disease. J 
Control Release. 2017;258:208-217. 

22. Chauhan SK, El Annan J, Ecoiffier T, Goyal S, Zhang 
Q, Saban DR, Dana R. Autoimmunity in dry eye is due 
to resistance of Th17 to Treg suppression. J Immunol. 
2009; 182:1247-52. 

23. Fu R, Jiang Y, Zhou J, Zhang J. Rebamipide ophthalmic 
solution modulates the ratio of T helper cell 17/regula-
tory T cells in dry eye disease mice. Mol Med Rep. 
2019;19:4011-4018. 

24. Ge W, Jiang J, Arp J, Liu W, Garcia B, Wang H. Regu-
latory T-cell generation and kidney allograft tolerance 
induced by mesenchymal stem cells associated with in-
doleamine 2,3-dioxygenase expression. Transplantation. 
2010;90:1312-20. 

25. Harrell CR, Jankovic MG, Fellabaum C, Volarevic A, 
Djonov V, Arsenijevic A, Volarevic V. Molecular Me-
chanisms Responsible for Anti-inflammatory and 

Immunosuppressive Effects of Mesenchymal Stem Cell-
Derived Factors. Adv Exp Med Biol. 2019;1084:187-
206. 

26. Volarevic V, Zdravkovic N, Harrell CR, Arsenijevic N, 
Fellabaum C, Djonov V, Lukic ML, Simovic Markovic 
B. Galectin-3 Regulates Indoleamine-2,3-dioxygenase-
Dependent Cross-Talk between Colon-Infiltrating 
Dendritic Cells and T Regulatory Cells and May Re-
present a Valuable Biomarker for Monitoring the Pro-
gression of Ulcerative Colitis. Cells. 2019 Jul 12;8(7). 
pii: E709. 

27. Matteoli G, Mazzini E, Iliev ID, Mileti E, Fallarino F, 
Puccetti P, Chieppa M, Rescigno M. Gut CD103+ dend-
ritic cells express indoleamine 2,3-dioxygenase which 
influences T regulatory/T effector cell balance and oral 
tolerance induction. Gut. 2010;59(5):595-604. 
 

173





REVIEW  PAPER ORIGINAL SCIENTIFIC ARTICLE

 
  

 

THE PHOSPHODIESTERASE-5 INHIBITORS AND PROSTATE CANCER  
- WHAT WE RELY KNOW ABOUT IT? 

Dejan Simic1, Aleksandar Spasic1, Mirko Jovanovic1, Predrag Maric1, Radovan Milosevic1 and Ivan Srejovic2 

1 Clinic of Urology, Military Medical Academy, Belgrade, Serbia 
 2University of Kragujevac, Faculty of Medical Sciences, Department of Physiology, Kragujevac, Serbia 

 

Received: 19.12.2017. 

Accepted: 28.12.2017.

 

Corresponding author:  

Ivan Srejovic, MD, PhD 

University of Kragujevac, Faculty of Medical Sciences, 
Department of Physiology, 
Svetozara Markovica Street, 34000 Kragujevac, Serbia,  
 
E-mail address: ivan_srejovic@hotmail.com 

UDK: 616.65-006.6-085
615.2.03

 

Ser J Exp Clin Res 2022; 23(2):175-184 
DOI: 10.1515/sjecr-2017-0073 

ABSTRACT 

Phosphodiesterase-5 inhibitors (PDE5Is) represent a group of 
drugs that are registered for the treatment of erectile dysfunctions 
predominantly, but recently also for treatment of pulmonary hy-
pertension and benign prostatic hypertrophy. However, more and 
more research deals with possible antitumor potential of PDE5Is 
in different types of cancers, including prostate cancer. Prostate 
cancer represents the one of the most common carcinoma in the 
male population, whose incidence is continuously increasing. 
Early detection combined with radical prostatectomy increases 
the survival rate, but also it is necessary to keep in mind the quality 
of life of patients undergoing prostatectomy in light of bladder 
control and erectile function. Authors of various clinical studies 
presented the results that often lead to totally opposing conclu-
sions. For example, Chavez and colleagues have shown that use 
of PDE5Is in men with erectile dysfunction decreases the risk of 
developing prostate cancer, while, on the other hand, Michl and 
colleagues pointed out the adversely effect of PDE5Is on bio-
chemical recurrence after bilateral nerve sparing radical prosta-
tectomy. In that sense, the aim of this review was to present as 
many as possible of existing results dealing with of action of 
PDE5Is in the field of prostatic carcinoma. Taking into account 
all presented data, it can be concluded that effect of PDE5Is on 
formation, development and outcome of treatment in patients with 
prostate carcinoma is very intriguing question, whose response 
requires additional both experimental and clinical research. 
 
Keywords: Phosphodiesterase-5 inhibitors, Prostate carcinoma, 
Sildenafil, Tadalafil.
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INTRODUCTION 

Phosphodiesterase-5 inhibitors (PDE5Is) were originally 
synthesized for the treatment of hypertension and angina pec-
toris, but they did not show efficacy in this therapeutic field. 
Sildenafil was firstly synthesized compound that belongs to 
this class of drugs, and therefore was the most intensively in-
vestigated. Namely, during experimental investigations it was 
shown that sildenafil induces penile erection, which was com-
pletely unexpected (1, 2). Consequently, clinical trials were 
conducted to investigate clinical benefit and safety for the 
treatment of erectile dysfunction (ED) with sildenafil (3) and 
sildenafil was approved for use in ED and became the first of-
ficial oral drug for ED treatment (4). After sildenafil, varden-
afil and tadalafil were approved for treatment of ED (5, 6), and 
recently some new PDE5Is have been investigated, such as 
avanafil, lodenafil, udenafil and mirodenafil (7-10). 

Besides the well documented and well described effects 
of PDE5Is in therapy of ED, there are grooving interests re-
garding actions of PDE5Is in other pathological and patho-
physiological entities. There are a lot of data regarding cardi-
oprotective effects of PDE5Is in patients with different forms 
of heart failure and in patients with diabetes mellitus (11, 12). 
It is shown that PDE5Is have protective effects due to other 
complications associated with diabetes mellitus such as neu-
ropathy and diabetic nephropathy (13-16). In rat and mouse 
experimental models of stroke both sildenafil and tadalafil 
improved neurogenesis and neurological outcome (17-19), 
but there are still limited information considering the neuro-
protective and neuro- restorative effects of PDE5Is human 
stroke patients (20). PDE5Is are also used for treatment of 
pulmonary arterial hypertension, since it has been shown that 
sildenafil causes vasodilatation of pulmonary arteries and im-
proves the ex- change of gases in the lungs in patients with 
pulmonary hypertension (21). 

Most intriguing effects of PDE5Is are probably related to 
their antitumor effects, increase of tumor sensitivity to anti-
cancer drugs and protective effects to other organs and tis-
sues during chemotherapy and radiotherapy. It was shown 
that PDE5Is induce apoptosis and reduction of cell growth in 
different human tumors, such as bile duct carcinoma, colo-
rectal carcinoma, cervical cancer, and breast carcinoma (22, 
23). 

The objective of this paper is to review and summarize the 
experimental and clinical findings considering the effects of 
PDE5Is as antitumor agents. 

CYCLIC NUCLEOTIDE PHOSPHODIESTERASES  
- BASIC CHARCTERISTICS 

Cyclic nucleotide phosphodiesterase enzymes (PDEs) 
represent a large family of enzymes that selectively catalyze 
the hydrolytic breakdown of the 3’ cyclic phosphate bonds of 
adenosine and/or guanosine 3’,5’ cyclic mono- phosphate to 
produce 5’-AMP and 5’-GMP, respectively. (24). Cyclic 
adenosine 3’,5’ monophosphate (cAMP) and cyclic guano-
sine 3’,5’ monophosphate (cGMP) are second messengers 

that have crucial roles in regulation of numerous physiologi-
cal processes and functions in biological systems, such as cell 
growth, proliferation and death, energy homeostasis, muscle 
contractility and relaxation, neuronal signaling, immune and 
inflammatory responses, etc. The cAMP and cGMP concen-
trations in the cell, and therefore the functions they regulate, 
are precisely determined by activity of adenylyl and guanylyl 
cyclases, which catalyze their synthesis, and PDEs, which 
catalyze their hydrolysis. Consequently, any disturbance in 
intracellular content of cAMP and cGMP and their signaling 
pathways lead to dis- ease or dysfunction, such as diabetes, 
pulmonary hyper- tension, heart failure, erectile dysfunction, 
etc. (25-29). 

Incredible complexity of regulation of cAMP and cGMP 
in the cell, what more in different parts of the same cell, 
pointed out the possibility of expression of several differ-
ent PDE classes, as well as the specificity of their localization 
and different modes of regulation (30). So far, eleven PDE 
isoenzyme families have been identified encoded by large 
and distinct gene superfamily, and it is estimated that there 
are more than a hundred different mRNA products from this 
gene superfamily due to alter- native sites for transcription 
initiation and various splicing mRNA precursor molecules. 
Most of PDE mRNA can be translated to proteins, but it can-
not be said with certainty how many different PDE mRNAs 
are transcribed, whether they are all translated into proteins, 
and maybe most importantly does all of them have physi-
ological role in the body and which it is. PDE isoenzyme 
families are classified according to their affinities to cAMP 
and cGMP, regulatory properties, sensitivity to specific in-
hibitors and activators, tissue localization (Table 1). Based 
on the substrate specificities PDEs can be sorted in three 
large groups: PDEs selective for cAMP hydrolysis (PDE4, 
PDE7, and PDE8), cGMP selective PDEs (PDE5, PDE6, 
and PDE9), and PDEs with dual specificity, which hydro- ly-
ses both cAMP and cGMP (PDE1, PDE2, PDE3, PDE10 and 
PDE11) (31, 32). 

Bearing in mind the fact that PDEs have crucial im-
portance in regulation of cAMP and cGMP concentrations in 
the cells, and thus the downstream signaling pathways and 
biological responses, on one hand, and many specific iso- 
forms of PDEs which are differently represented in cells, 
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tissues and organs, in which they have diverse physiolog-
ical roles, on the other, PDE superfamily represents excel- 
lent therapeutic target (30, 33). Also, one of the main rea- 
sons that make PDEs a good therapeutic target refers to the 
pharmacological principle that change of degradation of any 
ligand (or second messenger) often has greater impact on 
change in concentration of that ligand than changes in rate of 
its synthesis (30). 

Different isoforms of PDEs are located in specific part of 
the cell, thus enabling activation of individual signaling path-
ways due to cAMP or cGMP and propagation of specific, de-
sirable signals. This compartmentalization of cAMP or 
cGMP signals is related to PDEs sequestration in specific 
subcellular locations where they are embedded into different 
macromolecules and make connections with different cellular 
structures (34). 

 
Table 1. Overview of PDE isoforms 

PDE isoform Substrate Tissue presence Intracellular localization 

PDE1A cAMP/cGMP Smooth muscles, heart, brain, lungs, sperm Cytosolic (predominantly) 

PDE1B cAMP/cGMP Smooth muscles, neurons, lymphocytes, macrophages Cytosolic 

PDE1C cAMP/cGMP Brain, smooth muscles, spermatids, olfactory epithelium Cytosolic 

PDE2A cAMP/cGMP Brain, adrenal medulla, heart, platelets, 
macrophages, endothelium 

Membrane bound and cytosolic 

PDE3A cAMP Heart, vascular smooth muscles, platelets, kidney Membrane bound and cytosolic 

PDE3B cAMP Vascular smooth muscles, liver, adipocytes, kidney, pancreatic 
β-cells, sperm, lymphocytes, macrophages 

Membrane bound (predominantly) 

PDE4A cAMP Brain, olfactory system, immune system, testis Membrane bound (predominantly) 

PDE4B cAMP Brain, immune system Membrane bound (predominantly) 

PDE4C cAMP Lungs, testis, some neurons Cytosolic (predominantly) 

PDE4D cAMP Brain, inflammatory cells Cytosolic and particulate fractions 

PDE5A cGMP Platelets, vascular smooth muscles, brain, lung, heart Membrane bound/Cytosolic 

PDE6A/ PDE6B cGMP Photoreceptors in retina (rods), pineal gland Cytosolic 

PDE6C cGMP Photoreceptors in retina (cones), pineal gland Cytosolic 

PDE7A cAMP Immune cells, heart, skeletal muscle, endothelium Cytosolic 

PDE7B cAMP Brain, heart, skeletal muscle, liver, pancreas, testis Cytosolic 

PDE8A cAMP Testis (predominantly), spleen, small intestine, 
ovary, colon, kidney 

Cytosolic/ Particulate fractions 

PDE8B cAMP Brain, thyroid gland Cytosolic/ Particulate fractions 

PDE9A cGMP Highly represented in the body Cytosolic/Nucleus 

PDE10A cGMP Brain, testis, heart, thyroid gland Cytosolic/ Particulate fractions 

PDE11A cAMP/cGMP Skeletal muscle, prostate, testis, thyroid gland, 
liver, salivary glands 

Cytosolic 

 

PHYSIOLOGY OF PHOSPHODIESTERASE-5 

Phosphodiesterase-5 (PDE5) was firstly identified and 
characterized from platelets and lungs (35, 36), but they came 
into focus after discovering the role in regulation of smooth 
muscle contractility, and even more after discovery of 
sildenafil, as specific inhibitor of PDE5. PDE5 now is most 
famous as molecular target for treatment of erectile dysfunc-
tion (ED), and recently for treatment of pulmonary hyperten-
sion. However, investigations regarding the PDE5 and differ-
ent PDE5Is indicate other roles of interest such as:  

1) regulation of function of Purkinje cells in cerebellum 
 (37, 38);  

2) regulation of platelet function (39);  

3) regulation of sodium homeostasis via renal sodium ex-
cretion (40);  

4) regulation of neurogenesis and cognition (41, 42); 
5) regulation of function of intestine cells (43, 44).  

Only one gene encoding PDE5 was found for now, but 
there are three different variants of mRNA for PDE5A in hu-
mans and consequently three different polypeptides 
(PDE5A1, PDE5A2 and PDE5A3), which vary in their 
amino-terminal parts, but their first exons followed by com-
mon sequence of 823 amino acids are identical (30). 

As well as other PDEs, PDE5 is a dimer, and the mono-
mers are made up of an amio-terminal part which contains 
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phosphorilation domain, two allosteric cGMP binding sites 
and dimerization domain (or part of it), and carboxyl- terminal 
part containing catalytic domain (45, 46). 

As mentioned above, the precise regulation of PDEs en-
zymatic activity have pivotal role in maintaining the cAMP 
and cGMP in adequate ranges for physiological cellular func-
tion. Few different mechanisms are included in regulation of 
PDE5 activity, and one of them is phosphorylation by protein 
kinase A (PKA) or protein kinase G (PKG). Phosphorilation 
changes conformation of PDE5 and thus increases affinity for 
cGMP and catalytic activity for cGMP hydrolysis up to 50-
70% (47, 48). It has been shown that treatment of platelets, 
cardiomyocytes and smooth muscle cells with nitric oxide 
(NO) induces immense increase in cGMP concentration, fol-
lowed by rapid decrease, produced by NO-induced protein ki-
nase activity (49-51). Another mechanism implies the pres-
ence of two allosteric cGMP binding sites (GAF), and bind-
ing of cGMP at these allosteric sites induce increase in cata-
lytic activity of PDE5, which some authors see as a new ther-
apeutic opportunity (52). Actually, it is postulated that after 
binding of cGMP to GAF and increased enzymatic activity 
of PDE5, PKG induces phosphorilation, thereby stabilizing 
and prolonging the increased catalytic activity of PDE5. 
Possible mechanism for PDE5 deactivation implies 
dephosphorylation by catalytic activity of protein phospha-
tases, mainly protein phosphatase 1 (PP1), while cleavage of 
PDE5 into inactive form is performed by the action caspase-
3 (53-56). 

Bearing in mind that PDE5 is mostly represented in 
smooth muscles, it is practically present in almost all tis- sues 
and organs in the body, with different distribution of PDE5 
isoforms (PDE5A1, PDE5A2 and PDE5A3), whereby the 
PDE5A2 is the most widespread (57). Using appropriate 
methods such as RT-PCR, in situ hybridization (ISH), North-
ern blotting, Western blotting or immunohistochemistry 
methods, PDE5 mRNA or PDE5 protein are found in vascular 
smooth muscle, heart, lungs, platelets, brain, liver, pancreas, 
skeletal muscle, placenta, gastrointestinal tissues and repro-
ductive system, with different distribution of PDE5A 
isoforms between the species, tissues and organs (58-62). 

PHOSPHODIESTERASE-5 INHIBITORS 

Phosphodestrase-5 AND mNO/cGMP signaling  
pathway in cancer 

Results from a number of studies have pointed out the 
facts considering the presence of PDE5 in many types of carci-
noma cells including colon adenocarcinoma, lung cancer, 
breast cancer, prostatic cancer and urinary bladder cancer, and 
also overexpression of PDE5 in breast malignant tumors, uri-
nary bladder cancer, pancreas and prostatic cancer (63-70). 
Transformation of normal, healthy cell to malignant cell occurs 
as consequence of DNA damage and genetic alterations that 
appear due to procarcinogenic microenvironment. Chronic 
mild inflammation, for instance, increases NO production 
due to increased activity of inducible NO synthase (iNOS) 
which further enhances tumor growth, invasiveness and 

dissemination (71-73). Results from other investigations 
pointed out the other, anti-tumor nature of NO by inducing 
apoptosis and cytotoxicity (74, 75). This dual, paradoxical 
role of NO arises from the diversity of the signal pathways in 
which NO acts as a regulator, wherein the con- centration prob-
ably determines the promoting or inhibitory effects of NO in 
cancerogenesis (76, 77). 

cGMP is synthesized by catalytic activity of soluble guan-
ylyl cyclase (sGC) which is a receptor for NO. Namely, NO 
binds to ferrous heme of the β1 subunit of the sGC and causes 
the rise in sGC activity and cGMP production (78). Conse-
quently, cGMP level in the cells depends not only on en-
zymes involved in cGMP metabolism, but also on enzymes 
(endothelial, inducible and neuronal NOS) and pathways 
which regulate NO production and degradation (79). Simi-
larly to NO, the roles of sGC and cGMP in tumor biology and 
cancerogenesis also remained paradoxical despite a large 
number of studies and investigations in re- cent decades, so 
the question considering the protective or deleterious role of 
NO/sGS/cGMP signaling pathway still has no answer. Chang 
and coauthors recently indicated that activation of guanylyl 
cyclase and increased levels of cGMP have beneficial effects 
on inflammation-promoted colorectal neoplasia in mice (80). 
On the other hand Cesarini with colleagues highlighted the 
negative correlation between the increased expression of 
PDE5 and consequent decreased levels of cGMP and tumor 
aggressiveness and clinical outcome in patients with glio-
blastoma multiforme  (81). Scientific group gathered around 
Ferid Murad, No- bel Prize co-winner in Physiology or Med-
icine for NO signaling, assumed several possibilities for such 
effects: 

1) beside role in physiological signaling, NO produced at 
high concentrations by iNOS, also exhibits cytotoxic and 
proapoptotic properties;  

2) the components of NO/sGC/ cGMP (cGMP-dependent) 
pathway and NO oxidative pathway (cGMP-independent) 
vary between different cell types and tissues;  

3) solid tumors are composed of parenchyma, which con-
tains neoplastic cells, and stroma, which includes nonma-
lignant supporting tissues (connective tissue, blood ves-
sels) with different behavior due to NO/ sGC/cGMP sig-
naling (79, 82). 

 
PHOSPHODIESTERASE-5 INHIBITORS  
AND PROSTATE CANCER 

Prostate cancer is one of the most common solid malig-
nant tumors in men population worldwide and thus represents 
a huge social and medical issue. In European Union prostate 
cancer is the most common malignancy in men with 
365,000 new prostate cancer cases in 2015 (83). Early detec-
tion and radical surgical removal of the cancer (nerve-sparing 
radical prostatectomy) significantly increase the survival and 
quality of life due to recovery of bladder control and erectile 
function. Administration of daily doses of PDE5Is in patients 
after nerve-sparing radical prostatectomy (NSRP) due to lo-
calized prostate cancer showed increase in penile function 
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and positive effect on the recovery and maintenance of 
erectile function after the surgery (84). Despite routine use 
of PDE5Is in treatment of erectile dysfunction, as well as 
many researches dealing with problematics of different rela-
tions of PDE5Is and prostate cancer, many questions re-
mained without answers and many results unclear. 

Liu and coworkers dealt with role of PDE5/cGMP/ PKG 
signal pathway in stemness and differentiation of prostatic 
cancer stem cells (PCSC) (85). Namely, PCSC represent a 
small population of cancer cells with the ability for self-re-
newal, proliferation, invasive and meta- static growth. In 
their study these authors postulated that PDE5/cGMP/PKG 
signaling have crucial role in stemness remaining of PCSC. 
Furthermore, it is shown that activation of cGMP/PKG path-
way by inhibition of PDE5 using vardenafil and tardalafil, 
results in activation of mammalian ste20-like protein kinase 
(MST – Hippo pathway) and consequent phosphorylation of 
transcriptional co- activator with PDZ-binding motif (TAZ), 
leading to its degradation and reduction of stemness in PCSC. 
Results from this investigation, conducted on in vitro on cell 
cultures and in vivo on xenografts, revealed interesting con-
nection between PDE5/cGMP/PKG pathway and Hippo/ 
TAZ pathway in maintaining of PCSC stemness, as well as 
the possible reason for the usefulness of PDE5Is in prostate 
cancer therapy. 

Das and coauthors, on the other hand, pointed out the sen-
sitizing activity of sildenafil to prostate cancer cells on dox-
orubicin induced apoptosis through CD95 (86). Only co-
treatment of prostate cancer cells with doxorubicin and 
sildenafil induced decrease in expression of FLIP (FLICE-
like inhibitory protein), which represents one of the major 
regulators of CD95-mediated apoptosis. Furthermore, com-
bined application of doxorubicin and sildenafil increased 
CD95 cell surface localization and decreased expression of 
Fas associated phosphatase-1 (FAP-1). Fas (APO-1/CD95) is 
death receptor which mediates in apoptosis of various types 
of cells, but many neoplastic cells are resistant to apoptosis 
induced by Fas. Increased expression of FLIP is brought into 
connection with increased tumor growth and immunologic 
escape of tumors. On the other hand increased surface locali-
zation and activation of CD95 leads to the formation of-
death-inducing signaling complex (DISC) and induction of 
apoptosis, while FAP-1 disables the moving the CD95 (hu-
man Fas protein) to the membrane. Doxorubicin and sildena-
fil co-treatment also reduced the nuclear translocation of p65 
and p50 and activation of NF-κB, thereby reducing FLIP ex-
pression, because it is shown that NF- κB up-regulates the 
expression of FLIP. Based on these results it was identified a 
new mechanism of inducing cell death in prostate cancer 
cells which implies the increased surface localization of 
CD95, decreased expression of FLIP and FAP-1, as well as 
inactivation of NF-κB affected by concomitant action of 
sildenafil and doxorubicin. Similar, beneficial effects of 
combined application of PDEIs with standard chemotherapy 
were noticed also in bladder and pancreatic tumor cells (69). 
Despite the clinical efficacy in combat with different types of 
malignancies, doxorubicin, as well as other anticancer drugs, 

exhibit severe side effects such as cardiotoxicity. The same 
group of authors in their previous study showed that PDE5 
inhibitor tadalafil can attenuate cardiac dysfunction induced 
by doxorubicin, without simultaneous reduction of doxorubi-
cin antitumor effect (87). Tadalafil during combined use 
with doxorubicin induced significant increase in manganese 
superoxide dismutase (MnSOD), cGMP levels and PKG ac-
tivity in the heart, with preservation of ejection fraction. As-
sessment of the effects on cell-killing potential of doxorubi-
cin in human osteosarcoma cancer cell lines and xenografts 
showed that tadalafil did not impede the anticancer activity 
of doxorubicin neither in vitro nor in the in vivo. 

Results of the Ammirante and coauthors indicated that 
PDE5Is prevent myofibroblast activation and CXCL13 in-
duction in castration-resistant prostate cancer (88). Cancer-
associated fibroblasts (CAF) represent a various cell popula-
tion that has many promoting roles in cancer progression, and 
myofibroblasts are part of CAF family. Chemoattractant C-
X-C motif chemokine 13 (CXCL13) is chemoattractant for 
B-cells and mediates movement of B-cells into prostate can-
cer. Those lymphocytes that infiltrate cancer tissue produce 
a number of cytokines, such as lymphotoxin, which contrib-
ute to the survival, development and dissemination of pros-
tate tumor cells. In this investigation sildenafil prevented my-
ofibroblast activation and decreased quantity of CXCL13 in 
castrated Myc-CaP (allografts of androgen-dependent mouse 
prostare cancer) tumor-bearing mice. 

In research by Chavez and colleagues it have been indi-
cated that men with erectile dysfunction treated with PDE-
5Is tended to have less of a chance of being diagnosed with 
prostate cancer (89). Authors have conducted retrospective 
study using electronic medical records of men suffering of 
erectile dysfunction during a period of 7 years. Participants in 
the study were selected based on similar risk factors for the 
development of prostate cancer, and of total number of 4974 
men included into investigation 47.5% of them used PDE5Is, 
while the others did not use any drugs from this group. Re-
sults led to conclusion that use of PDE5Is is associated with 
lower values of prostate- specific antigen (PSA), higher inci-
dence of benign prostatic hyperplasia (BPH) and, most im-
portantly, lover risk of developing prostate cancer. 

Following this investigation Jamnagerwalla and co- au-
thors conducted a 4-year multicenter study in North Ameri-
can men investigated the association between the PDE5Is use 
and prostate cancer risk (90). The research involved 6,501 
men 50-75 years old, with PSA within the physiological val-
ues for age and a single negative prostate biopsy. TRUS (ten-
core transrectal ultrasound) guided prostate biopsies were 
performed at 2nd and 4th year of trial, regardless of the PSA 
value. Results from these authors showed that PDE5Is use 
was not associated with prostate cancer diagnosis, but there 
was an inverse between PDE5Is and prostate cancer diagno-
sis, although this was not statistically significant. Limitations 
of this study that were mentioned by the authors include a 
small number of respondents who used PDE5Is (5.6%), as 
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well as unavailable data considering the use and dosage of 
PDE5Is. 

Jo and colleagues focused their interest on effects of 
PDE5Is on oncologic outcomes in patients with prostate can-
cer after radical prostatectomy (91). A total number of 1082 
patients who underwent radical prostatectomy between Janu-
ary 2005 and December 2014 were divided according post-
operative use of PDE5Is into three groups: non-PDE5I group, 
on-demand group, and penile rehabilitation group. The pa-
tients within the last two groups used several types of 
PDE5Is: sildenafil, tadalafil, vardenafil, avanafil, udenafil, 
and mirodenafil. Using appropriate statistical tests biochem-
ical recurrence were assessed between groups that used 
PDE5Is and that did not, as well as between group that used 
PDE5Is on demand and penile rehabilitation group. Based on 
data analysis authors concluded that PDE5Is treatment fol-
lowing radical prostatectomy have no impact on biochemical 
oncologic outcome and that PDE5Is use in patients after rad-
ical prostatectomy is clinically safe. 

On the other hand, Michl and coworkers presented results 
that were completely opposite to the previously mentioned 
clinical and experimental investigations (92). Authors ana-
lyzed data of 4752 patients with prostate cancer, in whom bi-
lateral nerve sparing radical prostatectomy was applied be-
tween January 2000 and December 2010, and assessed the 
risk of biochemical recurrence between the patients who used 
PDE5Is (23.4%) after the surgical treatment and patients who 
did not (76.6%). Five- year survival without biochemical re-
currence in patients receiving PDE5Is was 84.7%, compared 
to 89.2% in group without PDE5Is treatment, and biochemi-
cal recurrence was estimated due to PSA level (0.2 ng/ml or 
greater and increasing after). Based on the results conclusion 
were made that use of PDE5Is following radical prostatec-
tomy may adversely impact biochemical recurrence. For the 
explanation of the obtained results authors relied on previous 
researches where it have been demonstrated that PDEIs have 
proangiogenic and proneurogenic properties (93, 94). Alt-
hough increased density of autonomic nerve fibers in tumor 
and surrounding tissue were brought into connection with 
poor clinical outcome, and angiogenesis is well known re-
quired factor for tumor development, conclusion that PDEIs 
represent independent risk factor for biochemical recurrence 
of prostate cancer due to enhancing role of PDEIs in nero-
genesis and angiogenesis, remain in domain speculation (95, 
96). On the contrary, recent study by El-Naa and coauthors 
showed that sildenafil potentiated antitumor activity of cis-
platin by induction of apoptosis and inhibition of prolifera-
tion and angiogenesis in in Ehrlich solid-tumor-bearing mice 
(97). Few other authors also pointed out the limitations of the 
investigation conducted by Michl and coauthors such as lack 
of data due to the duration, dose, type and period of starting 
use of PDE5Is (98). 

Regarding the results of the Michl and coauthors it was 
conducted investigation by Gallina and colleagues with similar 
but extended aims (99). Namely authors examined link be-
tween usage of PDE5Is, therapy scheme of PDE5Is, number 
of taken PDE5-I pills, and biochemical recurrence (PSA ≥ 0.2 
ng/ml) in 2579 patients with prostate carcinoma cured by bilat-
eral nerve-sparing radical prostatectomy. Patients were clas-
sified in three groups due to PDE5Is usage within two years 
after the surgical procedure: on demand, rehabilitation sched-
ule (daily use of PDE5Is for at least 3 months), and no use of 
PDE5Is. Using the multivariable Cox regression models it 
was confirmed that use of PDE5Is, either on demand or on a 
rehabilitation schedule, was not associated with biochemical 
recurrence in patients treated by nerve- sparing radical pros-
tatectomy due to localized prostate carcinoma. Furthermore, 
there were not significant differences between patients taking 
PDE5Is pills on demand and those who were treated with a 
rehabilitation scheme, as well as due the number of PDE5-I 
pills taken by each patient. 

CONCLUSIONS 

Within this review are presented results from various in-
vestigations in which different experimental models were 
used regarding clarification role of PDE5Is in prostate cancer 
therapy, but still we cannot say with certainty where is the 
place of PDE5Is in cancer treatment protocols. It could be 
concluded that more results indicate a favorable role of 
PDE5Is in treatment of cancer, but this fact also remains in 
the domain of speculation, bearing in mind that the exact 
mechanisms of positive action of PDE5Is, as adjuvant anti- 
cancer drugs, are not fully understood. Additional experi-
mental research is needed to clarify all potential mechanisms 
of action of PDE5Is in the field of cancer treatment, but also 
of crucial importance is to collect as many clinical data as 
possible. All these information together can allow us do fully 
understand all mechanisms of action of PDE5Is in tumor tis-
sues and see should they be included in therapy or not, as well 
as should they be included in cure protocols of specific types 
of cancers. 

 

 

180

COMPETING INTERESTS 

All authors certify that they have no affiliations with or 
involvement in any organization or entity with any financial 
or non-financial interest in the subject matter or materials dis-
cussed in this manuscript. 

FUNDING 

None. 



REFERENCE 

 
1. Boolell M, Allen MJ, Ballard SA, Gepi-Attee S, Muir-

head GJ, Naylor AM, et al. Sildenafil: an orally active 
type 5 cyclic GMP-specific phosphodiesterase inhibitor 
for the treatment of penile erectile dysfunction. Int J Im-
pot Res. 1996;8(2):47-52. 

2. Boolell M, Gepi-Attee S, Gingell JC, Allen MJ. Sildena-
fil, a novel effective oral therapy for male erectile dys- 
function. Br J Urol. 1996;78(2):257-61. 

3. Goldstein I, Lue TF, Padma-Nathan H, Rosen RC, Steers 
WD, Wicker PA. Oral sildenafil in the treatment of erec-
tile dysfunction. Sildenafil Study Group. N Engl J Med. 
1998; 338(20):1397-404. 

4. FDA approves oral therapy for erectile dysfunction. Am 
J Health Syst Pharm. 1998;55(10):981-984 

5. Hellstrom WJ, Gittelman M, Karlin G, Segerson T, 
Thibonnier M, Taylor T, Padma-Nathan H; Vardenafil 
Study Group. Sustained efficacy and tolerability of var-
denafil, a highly potent selective phosphodiesterase type 
5 inhibitor, in men with erectile dysfunction: results of a 
randomized, double-blind, 26-week placebo-controlled 
pivotal trial. Urology. 2003;61(4 Suppl 1):8-14. 

6. Govier F, Potempa AJ, Kaufman J, Denne J, Kovalenko 
P, Ahuja S. A multicenter, randomized, double-blind, 
crossover study of patient preference for tadalafil 20 mg 
or sildenafil citrate 50 mg during initiation of treatment 
for erectile dysfunction. Clin Ther. 2003 Nov;25(11): 
2709-23. 

7. Limin M, Johnsen N, Hellstrom WJ. Avanafil, a new 
rapid-onset phosphodiesterase 5 inhibitor for the treat-
ment of erectile dysfunction. Expert Opin Investig 
Drugs. 2010;19(11):1427-37. 

8. Mendes GD, dos Santos Filho HO, dos Santos Pereira A, 
Mendes FD, Ilha JO, Alkharfy KM, et al. A Phase I clin-
ical trial of lodenafil carbonate, a new phosphodiesterase 
Type 5 (PDE5) inhibitor, in healthy male volun- teers. 
Int J Clin Pharmacol Ther. 2012;50(12):896-906. 

9. Moon KH, Kim SW, Moon du G, Kim JJ, Park NC, Lee 
SW, et al. A Phase 3 Study to Evaluate the 1-Year Ef- 
ficacy and Safety of Udenafil 75 mg Once Daily in Pa-
tients With Erectile Dysfunction. J Sex Med. 2016;13 
(8):1263-9. 

10. Du W, Li J, Fan N, Shang P, Wang Z, Ding H. Efficacy 
and safety of mirodenafil for patients with erectile dys-
function: a meta-analysis of three multicenter, random- 
ized, double-blind, placebo-controlled clinical trials. 
Aging Male. 2014;17(2):107-11. 

11. Hwang IC, Kim YJ, Park JB, Yoon YE, Lee SP, Kim 
HK, et al. Pulmonary hemodynamics and effects of 
phosphodiesterase type 5 inhibition in heart failure: a 
meta-analysis of randomized trials. BMC Cardiovasc 
Disord. 2017;17(1):150. 

12. Anderson SG, Hutchings DC, Woodward M, Rahimi K, 
Rutter MK, Kirby M, et al. Phosphodiesterase type-5 in-
hibitor use in type 2 diabetes is associated with a reduc-
tion in all-cause mortality. Heart. 2016;102(21): 1750-
1756. 

13. Wang L, Chopp M, Szalad A, Jia L, Lu X, Lu M, et al. 
Sildenafil ameliorates long term peripheral neuropathy 
in type II diabetic mice. PLoS One. 2015;10(2):e01 
18134. 

14. Wang L, Chopp M, Szalad A, Liu Z, Bolz M, Alvarez 
FM, et al. Phosphodiesterase-5 is a therapeutic target for 
peripheral neuropathy in diabetic mice. Neuroscience. 
2011;193:399-410. 

15. El-Mahdy NA, El-Sayad Mel-S, El-Kadem AH. Combi-
nation of telmisartan with sildenafil ameliorate progres-
sion of diabetic nephropathy in streptozotocin-induced 
diabetic model. Biomed Pharmacother. 2016;81:136-44. 

16. Afsar B, Ortiz A, Covic A, Gaipov A, Esen T, Goldsmith 
D, et al. Phosphodiesterase type 5 inhibitors and kidney 
disease. Int Urol Nephrol. 2015;47(9):1521-8. 

17. Zhang R, Wang Y, Zhang L, Zhang Z, Tsang W, Lu M, 
et al. Sildenafil (Viagra) induces neurogenesis and pro-
motes functional recovery after stroke in rats. Stroke. 
2002;33(11):2675-80. 

18. Ding G, Jiang Q, Li L, Zhang L, Zhang Z, Lu M, et al. 
Longitudinal magnetic resonance imaging of sildenafil 
treatment of embolic stroke in aged rats. Stroke. 2011; 
42(12):3537-41. 

19. Zhang L, Zhang Z, Zhang RL, Cui Y, LaPointe MC, Sil-
ver B, et al. Tadalafil, a long-acting type 5 phos-
phodiesterase isoenzyme inhibitor, improves neuro- log-
ical functional recovery in a rat model of embolic stroke. 
Brain Res. 2006;1118(1):192-8. 

20. Ölmestig JNE, Marlet IR, Hainsworth AH, Kruuse C. 
Phosphodiesterase 5 inhibition as a therapeutic target for 
ischemic stroke: A systematic review of preclinical stud-
ies. Cell Signal. 2017;38:39-48. 

21. Ghofrani HA, Wiedemann R, Rose F, Schermuly RT, 
Olschewski H, Weissmann N, et al. Sildenafil for treat-
ment of lung fibrosis and pulmonary hypertension: a ran-
domised controlled trial. Lancet. 2002; 360(9337): 895-
900. 

22. Kumazoe M, Sugihara K, Tsukamoto S, Huang Y, Tsu-
rudome Y, Suzuki T, et al. 67-kDa laminin receptor in-
creases cGMP to induce cancerselective apoptosis. J 
Clin Invest. 2013;123(2):787-99. 

23. Marques JG, Gaspar VM, Markl D, Costa EC, Gallardo 
E, Correia IJ. Co-delivery of Sildenafil (Viagra(®)) and 
Crizotinib for synergistic and improved anti-tumoral 
therapy. Pharm Res. 2014;31(9): 2516-28. 

24. Bender AT, Beavo JA. Cyclic nucleotide phos-
phodiesterases: molecular regulation to clinical use. 
Pharmacol Rev. 2006;58(3):488-520. 

25. Yoo TH, Pedigo CE, Guzman J, Correa-Medina M, Wei 
C, Villarreal R, et al. Sphingomyelinase-like phos-
phodiesterase 3b expression levels determine podocyte 
injury phenotypes in glomerular disease. J Am Soc 
Nephrol. 2015; 26(1):133-47. 

26. Amirjanians M, Egemnazarov B, Sydykov A, Kojonaza-
rov B, Brandes R, Luitel H, et al. Chronic intratracheal 
application of the soluble guanylyl cyclase stimulator 

181



BAY 41-8543 ameliorates experimental pulmonary hy-
per- tension. Oncotarget. 2017; 8(18): 29613-29624. 

27. Lee DI, Zhu G, Sasaki T, Cho GS, Hamdani N, 
Holewinski R, et al. Phosphodiesterase 9A controls ni-
tric-oxideindependent cGMP and hypertrophic heart dis-
ease. Nature. 2015; 519(7544):472-6. 

28. Matsui H, Sopko NA, Hannan JL, Bivalacqua TJ. Path-
ophysiology of erectile dysfunction. Curr Drug Targets. 
2015; 16(5):411-9. 

29. Movsesian MA, Kukreja RC. Phosphodiesterase inhibi-
tion in heart failure. Handb Exp Pharmacol. 2011;(204): 
237-49. 

30. Bender AT, Beavo JA. Cyclic nucleotide phos-
phodiesterases: molecular regulation to clinical use. 
Pharmacol Rev. 2006; 58(3):488-520. 

31. Beavo JA. Cyclic nucleotide phosphodiesterases: func-
tional implications of multiple isoforms. Physiol Rev. 
1995; 75(4):725-48. 

32. Boswell-Smith V, Spina D, Page CP. Phosphodiesterase 
inhibitors. Br J Pharmacol. 2006; 147 (Suppl 1):S252-7. 

33. Francis SH, Blount MA, Corbin JD. Mammalian cyclic 
nucleotide phosphodiesterases: molecular mechanisms 
and physiological functions. Physiol Rev. 2011;91(2): 
651-90. 

34. Ahmad F, Murata T, Shimizu K, Degerman E, Maurice 
D, Manganiello V. Cyclic nucleotide phosphodiester-
ases: important signaling modulators and therapeutic tar-
gets. Oral Dis. 2015;21(1):e25-50. 

35. Coquil JF, Franks DJ, Wells JN, Dupuis M, Hamet P. 
Characteristics of a new binding protein distinct from the 
kinase for guanosine 3’:5’-monophosphate in rat plate-
lets. Biochim Biophys Acta. 1980; 631(1):148-65. 

36. Francis SH, Lincoln TM, Corbin JD. Characterization of 
a novel cGMP binding protein from rat lung. J Biol 
Chem. 1980; 255(2):620-6. 

37. Kotera J, Fujishige K, Omori K. Immunohistochemical 
localization of cGMP-binding cGMP-specific phos-
phodiesterase (PDE5) in rat tissues. J Histochem Cyto- 
chem. 2000; 48(5):685-93. 

38. Shimizu-Albergine M, Rybalkin SD, Rybalkina IG, Feil 
R, Wolfsgruber W, Hofmann F, et al. Individual cerebel-
lar Purkinje cells express different cGMP phos-
phodiesterases (PDEs): in vivo phosphorylation of 
cGMP-specific PDE (PDE5) as an indicator of cGMP- 
dependent protein kinase (PKG) activation. J Neurosci. 
2003; 23(16):6452-9. 

39. Akand M, Gencer E, Yaman Ö, Erişgen G, Tekin D, 
Özdiler E. Effect of sildenafil on platelet function and 
platelet cGMP of patients with erectile dysfunction. An-
drologia. 2015; 47(10):1098-102. 

40. Sasser JM, Ni XP, Humphreys MH, Baylis C. Increased 
renal phosphodiesterase-5 activity mediates the blunted 
natriuretic response to a nitric oxide donor in the preg-
nant rat. Am J Physiol Renal Physiol. 2010;299(4): 
F810-4. 

41. Santos AI, Carreira BP, Nobre RJ, Carvalho CM, Araújo 
IM. Stimulation of neural stem cell proliferation by inhi-
bition of phosphodiesterase 5. Stem Cells Int. 2014; 
2014:878397. 

42. Peixoto CA, Nunes AK, Garcia-Osta A. Phosphodiester-
ase-5 Inhibitors: Action on the Signaling Pathways of 
Neuroinflammation, Neurodegeneration, and Cognition. 
Mediators Inflamm. 2015;2015:940207. 

43. Murthy KS. Activation of phosphodiesterase 5 and inhi-
bition of guanylate cyclase by cGMP-dependent protein 
kinase in smooth muscle. Biochem J. 2001;360(Pt 1): 
199-208. 

44. Dhooghe B, Noël S, Bouzin C, Behets-Wydemans G, 
Leal T. Correction of chloride transport and mislocaliza-
tion of CFTR protein by vardenafil in the gastrointestinal 
tract of cystic fibrosis mice. PLoS One. 2013;8(10): 
e77314. 

45. Turko IV, Francis SH, Corbin JD. Studies of the molec-
ular mechanism of discrimination between cGMP and 
cAMP in the allosteric sites of the cGMP-binding 
cGMP-specific phosphodiesterase (PDE5). J Biol Chem. 
1999; 274(41):29038-41. 

46. Kotera J, Francis SH, Grimes KA, Rouse A, Blount MA, 
Corbin JD. Allosteric sites of phosphodiesterase-5 se- 
quester cyclic GMP. Front Biosci.2004;9:378-86. 

47. Corbin JD, Turko IV, Beasley A, Francis SH. Phosphor-
ylation of phosphodiesterase-5 by cyclic nucleotide-de- 
pendent protein kinase alters its catalytic and allosteric 
cGMP-binding activities. Eur J Biochem. 2000;267(9): 
2760-7. 

48. Francis SH, Bessay EP, Kotera J, Grimes KA, Liu L, 
Thompson WJ, et al. Phosphorylation of isolated human 
phosphodiesterase-5 regulatory domain induces an ap-
parent conformational change and increases cGMP bind-
ing affinity. J Biol Chem. 2002;277(49):47581-7. 

49. Al-Shboul O, Mahavadi S, Sriwai W, Grider JR, Murthy 
KS. Differential expression of multidrug resistance pro-
tein 5 and phosphodiesterase 5 and regulation of cGMP 
levels in phasic and tonic smooth muscle. Am J Physiol 
Gastrointest Liver Physiol. 2013;305(4):G314-24. 

50. Castro LR, Schittl J, Fischmeister R. Feedback control 
through cGMP-dependent protein kinase contributes to 
differential regulation and compartmentation of cGMP 
in rat cardiac myocytes. Circ Res. 2010; 107(10):1232-
40. 

51. Mullershausen F, Lange A, Mergia E, Friebe A, Koes-
ling D. Desensitization of NO/cGMP signaling in 
smooth muscle: blood vessels versus airways. Mol Phar-
macol. 2006; 69(6):1969-74. 

52. Stegbauer J, Friedrich S, Potthoff SA, Broekmans K, 
Cortese-Krott MM, Quack I, et al. Phosphodiesterase 5 
attenuates the vasodilatory response in renovascular hy-
pertension. PLoS One. 2013; 8(11):e80674. 

53. Lin CS. Phosphodiesterase type 5 regulation in the pe-
nile corpora cavernosa. J Sex Med. 2009;6 (Suppl 3): 
203-9. 

54. Murthy KS. Contractile agonists attenuate cGMP levels 
by stimulating phosphorylation of cGMP-specific 
PDE5; an effect mediated by RhoA/PKC-dependent in-
hibition of protein phosphatase 1. Br J Pharmacol. 2008; 
153(6):1214-24. 

55. Rybalkin SD, Rybalkina IG, Feil R, Hofmann F, Beavo 
JA. Regulation of cGMP-specific phosphodiesterase 

182



(PDE5) phosphorylation in smooth muscle cells. J Biol 
Chem. 2002; 277(5):3310-7. 

56. Frame MJ, Tate R, Adams DR, Morgan KM, Houslay 
MD, Vandenabeele P, et al. Interaction of caspase-3 with 
the cyclic GMP binding cyclic GMP specific phos-
phodiesterase (PDE5a1). Eur J Biochem. 2003;270(5): 
962-70. 

57. Lin CS. Tissue expression, distribution, and regulation 
of PDE5. Int J Impot Res. 2004;16 (Suppl 1):S8-S10. 

58. Reffelmann T, Kloner RA. Therapeutic potential of 
phosphodiesterase 5 inhibition for cardiovascular dis-
ease. Circulation. 2003;108(2):239-44. 

59. Sopory S, Kaur T, Visweswariah SS. The cGMP-bind-
ing, cGMP-specific phosphodiesterase (PDE5): intesti-
nal cell expression, regulation and role in fluid secretion. 
Cell Signal. 2004;16(6):681-92 

60. Scipioni A, Giorgi M, Nuccetelli V, Stefanini S. Im-
munohistochemical localisation of PDE5 in rat lung dur-
ing pre- and postnatal development. J Biomed Biotech-
nol. 2009;2009:932961. 

61. Kedia GT, Uckert S, Oelke M, Sonnenberg JE, Sohn M, 
Kuczyk MA, et al. Expression and distribution of phos-
phodiesterase isoenzymes in the human male urethra. 
Urology. 2015; 85(4): 964.e1-6. 

62. Fibbi B, Morelli A, Vignozzi L, Filippi S, Chavalmane 
A, De Vita G, et al. Characterization of phosphodiester-
ase type 5 expression and functional activity in the hu-
man male lower urinary tract. J Sex Med. 2010;7(1 Pt 1): 
59-69. 

63. Zhu B, Vemavarapu L, Thompson WJ, Strada SJ. Sup-
pression of cyclic GMP-specific phosphodiesterase 5 
promotes apoptosis and inhibits growth in HT29 cells. J 
Cell Biochem. 2005;94(2):336-50. 

64. Li Q, Shu Y. Pharmacological modulation of cytotoxi-
city and cellular uptake of anti-cancer drugs by PDE5 
inhibitors in lung cancer cells. Pharm Res. 2014;31(1): 
86-96. 

65. Catalano S, Campana A, Giordano C, Győrffy B, Tarallo 
R, Rinaldi A, Bruno G, Ferraro A, Romeo F, Lanzino M, 
Naro F, Bonofiglio D, Andò S, Barone I. Ex- pression 
and Function of Phosphodiesterase Type 5 in Human 
Breast Cancer Cell Lines and Tissues: Implications for 
Targeted Therapy. Clin Cancer Res. 2016; 22(9): 2271-
82. 

66. Hamilton TK, Hu N, Kolomitro K, Bell EN, Maurice 
DH, Graham CH, Siemens DR. Potential therapeutic ap-
plications of phosphodiesterase inhibition in prostate 
cancer. World J Urol. 2013; 31(2): 325-30. 

67. Piazza GA, Thompson WJ, Pamukcu R, Alila HW, 
Whitehead CM, Liu L, Fetter JR, Gresh WE Jr, Klein- 
Szanto AJ, Farnell DR, Eto I, Grubbs CJ. Exisulind, a 
novel proapoptotic drug, inhibits rat urinary bladder tu-
morigenesis. Cancer Res. 2001; 61(10):3961-8. 

68. Karami-Tehrani F, Moeinifard M, Aghaei M, Atri M. 
Evaluation of PDE5 and PDE9 expression in benign and 
malignant breast tumors. Arch Med Res. 2012;43(6): 
470-5. 

69. Booth L, Roberts JL, Cruickshanks N, Conley A, Dur-
rant DE, Das A, Fisher PB, Kukreja RC, Grant S, 

Poklepovic A, Dent P. Phosphodiesterase 5 inhibitors 
enhance chemotherapy killing in gastrointestinal/genito- 
urinary cancer cells. Mol Pharmacol. 2014; 85(3):408-
19. 

70. Marino N, Collins JW, Shen C, Caplen NJ, Merchant 
AS, Gökmen-Polar Y, Goswami CP, Hoshino T, Qian Y, 
Sledge GW Jr, Steeg PS. Identification and validation of 
genes with expression patterns inverse to multiple me-
tastasis suppressor genes in breast cancer cell lines. Clin 
Exp Metastasis. 2014; 31(7):771-86. 

71. Ryu YK, Lee MH, Lee J, Lee JW, Jang SJ, Kang JH, 
Moon EY. γ-Irradiated cancer cells promote tumor 
growth by activation of Toll-like receptor 1-mediated in-
ducible nitric oxide synthase in macrophages. J Leukoc 
Biol. 2015; 97(4):711-21. 

72. Li L, Zhu L, Hao B, Gao W, Wang Q, Li K, Wang M, 
Huang M, Liu Z, Yang Q, Li X, Zhong Z, Huang W, 
Xiao G, Xu Y, Yao K, Liu Q. iNOS-derived nitric oxide 
promotes glycolysis by inducing pyruvate kinase M2 nu-
clear translocation in ovarian cancer. Oncotarget. 2017; 
8(20):33047-33063. 

73. Basudhar D, Somasundaram V, de Oliveira GA, 
Kesarwala A, Heinecke JL, Cheng RY, Glynn SA, Ambs 
S, Wink DA, Ridnour LA. Nitric Oxide Synthase-2-De- 
rived Nitric Oxide Drives Multiple Pathways of Breast 
Cancer Progression. Antioxid Redox Signal. 2017; 
26(18):1044-1058. 

74. Liu Y, Wang Y, Hu Y, Ge S, Li K, Wang S, Li L. The 
apoptotic inducible effects of salicylic acid on hepatoma 
cell line: relationship with nitric oxide signaling. J Cell 
Commun Signal. 2017. doi: 10.1007/s12079-017-0380-
z. 

75. Günzle J, Osterberg N, Saavedra JE, Weyerbrock A. Ni-
tric oxide released from JS-K induces cell death by mi-
totic catastrophe as part of necrosis in glioblastoma mul-
tiforme. Cell Death Dis. 2016;7(9):e2349. 

76. Burke AJ, Sullivan FJ, Giles FJ, Glynn SA. The yin and 
yang of nitric oxide in cancer progression. Carcinogene-
sis. 2013;34(3):503-12. 

77. Cheng H, Wang L, Mollica M, Re AT, Wu S, Zuo L. 
Nitric oxide in cancer metastasis. Cancer Lett. 2014; 
353(1):1-7. 

78. Bian K, Murad F. Nitric oxide (NO)--biogeneration, reg-
ulation, and relevance to human diseases. Front Biosci. 
2003; 8:d264-78. 

79. Bian K, Ghassemi F, Sotolongo A, Siu A, Shauger L, 
Kots A, Murad F. NOS-2 signaling and cancer therapy. 
IUBMB Life. 2012;64(8):676-83. 

80. Chang WL, Masih S, Thadi A, Patwa V, Joshi A, Cooper 
HS, Palejwala VA, Clapper ML, Shailubhai K. Pleca-
natide-mediated activation of guanylate cyclase-C sup-
presses inflammation-induced colorectal carcinogenesis 
in Apc(+/Min-FCCC) mice. World J Gastrointest Phar-
macol Ther. 2017;8(1):47-59. 

81. Cesarini V, Martini M, Vitiani LR, Gravina GL, Di Ago-
stino S, Graziani G, D’Alessandris QG, Pallini R, 
Larocca LM, Rossi P, Jannini EA, Dolci S. Type 5 phos-
phodiesterase regulates glioblastoma multiforme aggre-

183



ssiveness and clinical outcome. Oncotarget. 2017;8(8): 
13223-13239. 

82. Bian K, Murad F. sGC-cGMP signaling: target for anti-
cancer therapy. Adv Exp Med Biol. 2014;814:5-13. 

83. Crocetti E. (2015). Centre for Parliamentary Studies. Re-
trieved November 15th 2017, fromnhttps://ec.europa.eu/ 
jrc/en/publication/epidemiology-prostate-cancer-europe 

84. Hirik E, Bozkurt A, Karabakan M, Onuk Ö, Balcı MB, 
Aydın M, Çakan M, Nuhoglu B. Results of tadalafil 
treatment in patients following an open nerve-sparing 
radical prostatectomy. Arch Ital Urol Androl. 2016; 
88(1):4-6. 

85. Liu N, Mei L, Fan X, Tang C, Ji X, Hu X, Shi W, Qian 
Y, Hussain M, Wu J, Wang C, Lin S, Wu X. Phos-
phodiesterase 5/protein kinase G signal governs stem-
ness of prostate cancer stem cells through Hippo path-
way. Cancer Lett. 2016; 378(1):38-50. 

86. Das A, Durrant D, Mitchell C, Dent P, Batra SK, 
Kukreja RC. Sildenafil (Viagra) sensitizes prostate can-
cer cells to doxorubicin-mediated apoptosis through 
CD95. Oncotarget. 2016; 7(4):4399-413. 

87. Koka S, Das A, Zhu SG, Durrant D, Xi L, Kukreja RC. 
Long-acting phosphodiesterase-5 inhibitor tadalafil at-
tenuates doxorubicin-induced cardiomyopathy without 
interfering with chemotherapeutic effect. J Pharmacol 
Exp Ther. 2010; 334(3):1023-30. 

88. Ammirante M, Shalapour S, Kang Y, Jamieson CA, Ka-
rin M. Tissue injury and hypoxia promote malignant pro-
gression of prostate cancer by inducing CXCL13 ex- 
pression in tumor myofibroblasts. Proc Natl Acad Sci U 
S A. 2014; 111(41):14776-81. 

89. Chavez AH, Scott Coffield K, Hasan Rajab M, Jo C. In-
cidence rate of prostate cancer in men treated for erectile 
dysfunction with phosphodiesterase type 5 inhibitors: 
retrospective analysis. Asian J Androl. 2013;15(2):246-
8. 

90. Jamnagerwalla J, Howard LE, Vidal AC, Moreira DM, 
Castro-Santamaria R, Andriole GL, Freedland SJ. The 
Association between Phosphodiesterase Type 5 Inhibi-
tors and Prostate Cancer: Results from the REDUCE 
Study. J Urol. 2016;196(3):715-20. 

91. Jo JK, Kim K, Lee SE, Lee JK, Byun SS, Hong SK. 
Phosphodiesterase Type 5 Inhibitor Use Following Rad-
ical Prostatectomy is not Associated with an Increased 

Risk of Biochemical Recurrence. Ann Surg Oncol. 2016; 
23(5):1760-7. 

92. Michl U, Molfenter F, Graefen M, Tennstedt P, Ahyai S, 
Beyer B, Budäus L, Haese A, Heinzer H, Oh SJ, Salo-
mon G, Schlomm T, Steuber T, Thederan I, Huland H, 
Tilki D. Use of phosphodiesterase type 5 inhibitors may 
adversely impact biochemical recurrence after radical 
prostatectomy. J Urol. 2015; 193(2):479-83. 

93. Zhang R, Wang Y, Zhang L, Zhang Z, Tsang W, Lu M, 
Zhang L, Chopp M. Sildenafil (Viagra) induces neuro- 
genesis and promotes functional recovery after stroke in 
rats. Stroke. 2002; 33(11):2675-80. 

94. Koneru S, Varma Penumathsa S, Thirunavukkarasu M, 
Vidavalur R, Zhan L, Singal PK, Engelman RM, Das 
DK, Maulik N. Sildenafil-mediated neovascularization 
and protection against myocardial ischaemia reperfusion 
injury in rats: role of VEGF/angiopoietin-1. J Cell Mol 
Med. 2008;12(6B):2651-64. 

95. Magnon C, Hall SJ, Lin J, Xue X, Gerber L, Freedland 
SJ, Frenette PS. Autonomic nerve development contrib-
utes to prostate cancer progression. Science. 2013; 
341(6142):1236361. 

96. Ronca R, Benkheil M, Mitola S, Struyf S, Liekens S. Tu-
mor angiogenesis revisited: Regulators and clinical im- 
plications. Med Res Rev. 2017. doi: 10.1002/med.214 
52. 

97. El-Naa MM, Othman M, Younes S. Sildenafil potenti-
ates the antitumor activity of cisplatin by induction of 
apoptosis and inhibition of proliferation and angiogene-
sis. Drug Des Devel Ther. 2016;10:3661-3672. 

98. Bora GS, Gupta VG, Mavuduru RS. Re: Use of Phos-
phodiesterase Type 5 Inhibitors May Adversely Impact 
Biochemical Recurrence after Radical Prostatectomy: U. 
Michl, F. Molfenter, M. Graefen, P. Tennstedt, S. Ahyai, 
B. Beyer, L. Budäus, A. Haese, H. Heinzer, S. J. Oh, G. 
Salomon, T. Schlomm, T. Steuber, I. Thederan, H. Hu-
land and D. Tilki J Urol 2015; 193: 479-483. J Urol. 
2016;195(3):804; 

99. Gallina A, Bianchi M, Gandaglia G, Cucchiara V, Suardi 
N, Montorsi F, Briganti A. A Detailed Analysis of the 
Association Between Postoperative Phosphodiesterase 
Type 5 Inhibitor Use and the Risk of Biochemical Re-
currence After Radical Prostatectomy. Eur Urol. 2015; 
68(5):750-3.

 

184



CASE REPORT

COVID-19 IN A PATIENT WITH X-LINKED  
AGAMMAGLOBULINEMIA: A CASE REPORT 

Mahmoud Sadeghi-Haddad-Zavareh1, Zeinab Mohseni Afshar2, Soheil Ebrahimpour1 and Arefeh Babazadeh1*   

1 Infectious Diseases and Tropical Medicine Research Center, Health Research Institute, Babol University of Medical Sciences, Babol, I.R. Iran 
2 Clinical Research Development Center, Imam Reza Hospital, Kermanshah University of Medical Sciences, Kermanshah, Iran 

 

Received: 09.05.2020. 

Accepted: 17.06.2020.

 

Corresponding author:  

Arefeh Babazadeh, 

Infectious Diseases and Tropical Medicine Research 
Center, Health Research Institute, Babol University  
of Medical Sciences, Babol, I.R. Iran.  
 
Phone: +989113133397. Fax: +981132207918 
E-mail: drbabazadeh.a@yahoo.com 
 

UDK: 616.98:578.834]:612.097 

Ser J Exp Clin Res 2022; 23(2):185-188

DOI: 10.2478/sjecr-2020-0062 

ABSTRACT 

X-linked agammaglobulinemia (XLA), characterized by a pro-
found deficiency of B lymphocytes, is caused by mutations in the 
gene encoding Bruton tyrosine kinase (Btk). . XLA patients have 
a susceptibility to viral infections. In this report, we present a 45-
year-old man with known XLA, with about a 2-week history of fe-
ver, chills, diarrhea and vomiting. He was diagnosed with 
COVID-19 infection, which was confirmed by a real-time reverse-
transcriptase-polymerase chain reaction. The antiviral drugs, an-
tibiotics, and interferon-beta were administered to him. Unfortu-
nately, the patient passed away after 5 days. During an epidemic 
of infectious diseases, the best strategy to overcome the potential 
challenges of treating XLA may be prevention. Early detection of 
biomarkers such as D-dimer and IL-6 might  be more helpful for 
initiating more aggressive therapy and decreasing the duration of 
illness in these patients. 

Keywords: primary immunodeficiency disorders, X-linked 
agammaglobu-linemia, COVID-19.

  

185



INTRODUCTION 

Primary immunodeficiency disorders (PIDs) are the 
group of immune deficiencies described by poor function in 
some elements of the immune system. These patients are at 
higher risk of several infections such as severe recurrent res-
piratory and gastrointestinal infections [1].  X-linked agam-
maglobulinemia (XLA) is one form of PIDs that is a result of 
gene defects in xq22 chromosomal location and a decrease in 
B-cell progenitor kinase (BTK) production [2]. It has been 
shown that males are affected by XLA much more commonly 
than females [3]. XLA is manifested by the partial or com-
plete absence of gamma globulins including antibodies in the 
bloodstream which are vital for protecting against infections. 
The thymus gland is normal, but peripheral lymphoid tissues 
are typically absent.  B cells and plasma cells are rare despite 
the normal numbers of pre–B cells in the bone marrow. They 
have significant problems with bacterial infections; they also 
have severe difficulty with persistent, disseminated echovi-
rus infections, especially in the central nervous system.  

XLA patients have a susceptibility to other  viral infec-
tions, which can cause lethal infections [4]. Norovirus infec-
tion of the gut is another problematic viral infection in XLA 
cases [5]. Until  now, the occurrence of coronavirus infection 
in patients with PIDs has not been studied. However, it is 
supposed that bacterial superinfections are more likely to oc-
cur following the coronavirus infection, which  leads to a 
worse prognosis. 

During the current novel coronavirus epidemic, one con-
cerning problem about immunodeficient patients would be 
the higher risk of getting COVID-19 infection. Here, we pre-
sent a patient with XLA who became infected with COVID-
19. 

CASE REPORT 

A 45-year-old man with known XLA, that was diagnosed 
6 years ago, had a 16-day history of fever, chills, diarrhea, 
vomiting and progressive dyspnea when he was admitted to 
our hospital. His medical history included XLA, cirrhosis and 
portal hypertension-induced esophageal varices, which led to 
band ligation 2 years earlier. His drug history was negligible 
except monthly intravenous immunoglobulin (IVIG) infu-
sion therapy. High-resolution computed tomography 
(HRCT) was performed which was indicative of COVID-19 
because the signs and symptoms were compatible with 
COVID-19 in the epidemic conditions of this infection. 
Patchy ground-glass opacity (GGO) consolidations were pre-
sent in the lower lobes of both lungs accompanied by the re-
versed  halo sign, which was indicative of viral pneumonia in 
general, and COVID-19 infection specifically (Figure1). The 
bronchiectatic changes were also observed in the posterior 
basal segment of the left lung which might be explained by 
his history of recurrent respiratory tract infections (RTIs) due 
to the underlying disease. 

Despite receiving hydroxychloroquine and azithromycin 
combination therapy for 6 days in an outpatient setting, t his 

dyspnea got worse; thus he was admitted to hospital. At the 
admission, he had hypoxemia (the blood oxygen saturation 
of 82% while breathing the room air) with a body tempera-
ture of 38.7°C, blood pressure of 110/75 mm Hg, heart rate 
of 86 beats per minute, respiratory rate of 24 breaths per mi-
nute, and bilateral normal lung respiratory sounds (Table1).  

 
Table1. Examined parameters of patient  

infected with COVID-19 

Value Parameter 
38.7°C Body temperature 
110/75 Blood pressure (mm Hg) 

86 Heart rate (beats per minute) 
24 Respiratory rate  

(breaths per minute) 
3100 White blood cell count, ×109/L 
600 Lymphocyte 

count, ×109/L 
122000 Platelet count, ×109/L 

11.6 Haemoglobin (g/L) 
50 Erythrocyte sedimentation (mm/h) 
60 C-reactive protein (mg/L) 

0. 12 Procalcitonin (ng/mL) 
56 Interleukin-6 (pg/mL) 
661 Pro B-type natriuretic peptide (pg/mL) 
368 D-dimer (ng/mL) 

 

Laboratory tests showed the white blood cell count 
(WBCs) per microliter (3.100 × 109/L) and 20% lympho-
cytes; hemoglobin, 11.6 gm/dL; platelet (PLT) , 122000 per 
microliter. The erythrocyte sedimentation rate (ESR), C-re-
active protein (CRP) and procalcitonin levels were 50 mm/h, 
60 mg/L, and 0. 12 ng/mL, respectively.  

Interleukin-6 (IL-6), pro B-type natriuretic peptide (pro-
BNP) and D-dimer levels were 56 pg/mL, 661pg/mL, and 
368 ng/mL, respectively. The liver and kidney function tests, 
electrolytes, and cardiac enzyme levels were within the nor-
mal range. He had positive RT-PCR results for COVID-19. 
Kaletra (lopinavir/ ritonavir) two 200 mg tablets twice daily, 
azithromycin 500 mg PO daily, meropenem 1 g IV q8hr, and 
vancomycin 1 gram q12hr were  administered. He defer-
vesced within 48 hours. Despite using the reservoir bags, his 
oxygen saturation (SaO₂) did not increase and his dyspnea 
continued. Therefore, interferon-beta was administered to 
him. Unfortunately, the patient passed away after 5 days. 
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Figure 1. CT scan performs GGOs in both lungs  
accompanied by the reversed halo sign and bronchiectatic changes were observed in the  

posterior basal segment of the left lung. 

 
DISCUSSION  

X-linked agammaglobulinemia (XLA), characterized by 
a profound deficiency of B lymphocytes, is caused by muta-
tions in the gene encoding Bruton tyrosine kinase (Btk). . 
This group of patients has a susceptibility to several types of 
infections [6]. 

Any types of immunosuppression such as humeral or cel-
lular immune responses are risk factors for occurrence, se-
verity, and poor prognosis of COVID-19. It is important to 
note, that a delayed diagnosis of infection in these patients 
due to the unspecific symptoms or radiographic patterns, and 
the poor innate immune defense in immunosuppressed indi-
viduals against respiratory infections, could generally lead to 
the low cure rate [7]. During an epidemic of infectious dis-
eases, the best strategy to overcome the potential challenges 
of treating these patients may be prevention [8]. To achieve 
these goals, it is necessary for thesepatients to receive IVIG 
replacement monthly to defend more properly against the 
novel virus [9]. Also, the hospital infection control policies 
should be in place with the strictest precautions to isolate the 
patients with, or at risk of acquiring COVID-19 and the pa-
tients themselves should be advised to rigidly perform hand 
hygiene and other standard and respiratory precautions to 
prevent getting the infection. 

Although, radiographic features in this patient were sim-
ilar to immunocompetent patients ,there was no delay in the 
diagnosis. Moreover, high levels of the prognostic factors 
such as D-dimer and IL-6 would  be associated with worse 
outcomes, more critical condition, and non-response to the 
standard therapy; perhaps, earlier checking of these bi-
omarkers might  be more helpful for initiating more aggres-
sive therapy and decreasing the duration of illness in these 
cases. Some studies reported that IFNβ1 might account for a 
safe treatment against COVID-19 in the early stages of the 
disease. Also, in vitro studies propose that COVID-19 could 
be more sensitive to IFN-I than other coronaviruses [10, 11]. 
Probably, the use of interferon in our patient in addition to 
the antiretroviral therapy and antibiotics could improve his 

prognosis. But our patient was admitted in the early phase of 
this epidemic event of COVID-19 and in that period in beta 
formulations were not suggested in the studies and treatment 
protocols of COVID-19. 

In conclusion, clinicians should pay attention to XLA pa-
tients who have a susceptibility to viral infections such as 
COVID-19 and earlier checking of some biomarkers might  
be more helpful for initiating the treatment and decreasing 
the duration of infection in these patients.  
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ABSTRACT 

Synchronous multiple carcinomas represent two or more pri-
mary carcinoma that occur sumultaneously in the same patient. 
In order to fulfill the condition that tumors are synchronous, each 
tumor must be primary and not a metastasis of another tumor. The 
occurrence of renal carcinoma synchronously with colonic carci-
noma is not so common. On the other hand, the pathohistological 
image in rare cases shows a mixed glandular and neuroendocrine 
component described in earlier works.  In this paper, we present 
a patient who made a colonoscopy, a biopsy from a tumor change 
in the cecum due to malady, fainting, loss of appetite, and a posi-
tive test for faecal occult bleeding, and confirmed that it is an a-
denocarcinoma of the cecum. Multi slise computerized to-
mography of the abdomen also described a tumor change in the 
uretero-pelocalrix system of the left kidney region. The patient 
had no urinary tract disorders. The diagnosis of the synchronous 
tumor of the cecum and left kidney was set. A right hemicolectomy 
with latero-lateral ileo-transverse anastomosis, as well as left 
nephroureterectomy, was performed. What is particularly inte-
resting in this case is that the pathohistological picture of the ce-
cum carcinoma shows a rare form of tumor tone, mixed adeno-
neuroendocrine carcinoma. In patients with diagnosed colorectal 
cancer, routine as well as additional preoperative diagnostic pro-
cedures should be performed to exclude the existence of kidney 
cancer, since, when synchronous with colorectal carcinoma 
occurs, renal carcinoma is mainly asymptomatic. In rare cases, 
the pathohistological picture may also show the neuroendocrine 
component of the tumor, which directs further therapy to the other 
direction. 

Keywords: synchronic carcinomas, cecum carcinoma, renal car-
cinoma, MANEC tumors.
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INTRODUCTION 

Synchronous multiple cancers represent two or more pri-
mary cancers that occur simultaneously in the same patient. 
To fulfill the requirement that the tumors are synchronous, 
each tumor must be primary, not the tumor metastasis (1).The 
incidence of primary malignancies in the kidneys and colon 
is difficult to determine. The term "synchronous" means  
identity, but some authors even extend the time interval to 
detect another malignancy of up to 90 days (2). Mixed 
exocrine-neuroendocrinal tumors are rarely detected. 
According to the recent classification of the World Health 
Organization (VHO), neoplasms with exocrine and neuro-
endocrine components are called "mixed adenoneuro-
endocrine carcinomas" (MANECs) (3). Some authors say 
that MANEC is a neoplasm with dual adenocarcinoma and 
neuroendocrine differentiation, with each component repre-
senting at least 30% of the tumor (4). Also, this is a very rare 
tumor, and most are presented as a case report. In English 
literature, only seven cases in cecum and about 35 cases in 
the stomach were reported (5). 

In this paper, we present the case of a patient with a 
synchronous renal and colonic cancer with MANEC's patho-
histological characteristics. 

CASE REPORT 

The male patient, aged 77, had problems in the form of 
fatigue, fainting, loss of appetite. Blood tests indicated ane-
mia, and analysis of the chair on faecal occult bleeding was 
positive. A colonoscopy was performed, whereby the tumor 
change in the length of several centimeters was described on 
the step-ascendent part of the column, which involves the 
whole circumference of the column and narrows its lumen. A 
biopsy was taken and the finding confirmed that it was an 
adenocarcinoma of the cecum. A multi-slice computerized 
tomography of the abdomen was developed, which, in addi-
tion to the already proven carcinoma of the cecum (Figure 1), 
also describes a tumor change in the uretero-pelocalrix 
system of the left kidney (Figure 2).  

 

Figure 1. CT image carcinoma of the cecum 

 

 

Figure 2. CT image of left kidney cancer 

A decision was made on the operative treatment of both 
tumors during the same operation ((Figures 3 and 4), and a 
right hemicolectomy with latero-lateral ileo-transverso anas-
tomosis, as well as left nephroureterectomy, was performed. 

 

Figure 3. Left kidney 

 

Figure 4. Right colon 

The post-operative course was carried out neatly, and the pa-

tient was discharged home 10 days after surgery. 
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A definitive histopathological finding revealed the 
following: 

- Reserved portion of the colon with pericolic fatty tissue, 
in the length of 300 mm, the diameter of the lumen 12 and 
25 mm. Upon opening at 75 mm from the distal edge of 
the resection, there is an ulceroinfiltration change in the 
length of 50 mm, which involves 2/3 circuits and obstructs 
1/3 lumen. On the intersection of the tumor changes the 
infiltrise wall to the bottom of the serous. In the rest of the 
mucous membranes, the morphology is common. The 
length of the neck is 50 mm, the diameter from 6 to 11 
mm, at the intersection of wall thickness up to 4 mm. In 
the pericolic fat tissue, 9 lymph nodes have been found, 
between 2 and 9 mm diameter. Mixed adenocarcinoma 
and neuroendocrine carcinoma (MANEC) cecum, colli-
sion mode of combination.Adenocarcinoma invasivum 
coeci, high grade, pT3N0Mx.NET coeci, G2-intermedijal 
gradus, pT3N0Mx. (Figure 5,6) 

 

Figure 5. Colon carcinoma HEx100 

 

Figure 6. Colon carcinoma IHH  
LSABx2oo CDX2 

- Kidney with perirenal fat tissue, total weight 780 g, diam-
eter 91x67x26, with ureter length 100 mm, diameter from 
6 to 9 mm, easily removable capsules. The surface is a 
lobular appearance, coarse-grained, yellow-brown color, 
with irregular leafy recesses, on the intersection of easily 
expanded renal sinus and kidney pelvis. There is a dual 
ureter, a hypoplastic appearance, a second ureter with a  

30 mm long spatial enlargement that is filled with tumor 
mass, whitish colors, soft consistency that completely ob-
structs. Carcinoma papillare transitiocellular, histological 
grade I, nuclear grade II. Tumor infiltrate muscular layer, 
without elements of invasion of vascular structures. 
Pathological stage: pT2NxMx. (fig.7-10) 

 

Figure 7. Ureter carcinoma  
HEx100 

 

Figure 8. Ureter carcinoma  
IHH LSABx200 CK19 

 

Figure 9. Ureter carcinoma  
IHH LSABx200 p63 
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Figure 10. Ureter carcinoma  
IHH LSABx200 CK7 

 
DISCUSSION 
 

Multiple primary carcinomas are present in about 16% of 
all diagnostic carcinoma (6). In relation to this percentage, 
most patients have two forms of the arm, but there are also 
patients with three or more carcinoma. The incidence of 
synchronous colon and kidney tumors is 0.1%. Synchronous 
asymptomatic carcinoma of cardiovascular diseases are 
found in 0.03-0.5% of patients with colorectal carcinoma (7). 
Not many studies have been done so far on this topic. One of 
these studies describes six cases of synchronous bowel and 
renal carcinoma between 1200 cancer patients with the cur-
rent six-year period presenting a frequency of 0.5% (8). A 
synchronous tumor is defined as a tumor that has been re-
ported at the same time or up to six months (although some 
authors define this period for 90 days) from the first tumors, 
if more than six months have passed since the onset of the 
first tumor, then tumors are called metacrons. In our patient, 
both tumors were diagnosed at the same time, so synchronous 
tumor criteria were released (9). It is known that carcinoma 
of the kidney can occur simultaneously with other primary 
carcinoma, and gastrointestinal carcinoma is most commonly 
carcinoma that has been reported synchronously with renal 
carcinoma (10). 

In general, taking into account the synchronous primary 
carcinoma, usually occurs with the gastrointestinal and uro-
genital tract carcinoma. In our institution, this is the first 
description of the case of a synchronous tumor of the colon 
and kidneys. They are present in the patient, mostly over 74 
years, and the main males are male. Our patient is male, aged 
77 years. It is interesting to note that patients with urological 
cancer diagnoses have a higher risk of developing the 
following colorectal cancer than patients without cancer of 
urological diseases. Similarly, patients with colorectal cancer 
increased the risk of urologic cancer, especially in urethral 
carcinoma (11). The discovery of Renaissance cancer was 
purely accidental with a CT scan for setting up a tumor of the 
colon. As with other series of synchronous colon and renal 
carcinoma, the RCC was symptomatic, and the finding was 
an incident (12). A number of published works in the 

literature now describe only synchronic resections and colon 
on the same sides of the stomach. 

When talking about surgical treatment as the initial and 
leading therapy of these diseases, the simultaneous resection 
of both malignancies was done in a single surgical session. 
The usual approach is open laparotomy, more convenient for 
the surgeons involved. However, some authors have shown 
that simultaneous laparoscopic resection of both malignan-
cies is feasible with very low morbidity and zero mortality. 
In the literature, only three cases of synchronous laparo-
scopic resection of colorectal and renal cell carcinoma (13-
15) were found. 

In addition to the fact that there is a rare occurrence of 
synchronic cancer of the colon and kidneys, this case is espe-
cially interesting because of the pathohistological picture of 
the caecum carcinoma. 

Exocrine-neuroendocrinal tumors of the gastrointestinal 
tract were first published in 1924 (16). Neoplasms are now 
referred to as "mixed adenoneuroendocrine carcinomas" 
(MANECs) according to the latest classification of the VHO 
classification of neoplasms of the gastrointestinal tract (17). 
These two components of the tumor can be in a different re-
lationship and their treatment depends on the component that 
has prevailed in their relationship. Manecs containing a well-
differentiated neuroendocrine tumor component and an ade-
nocarcinoma component should be treated as adenocarci-
noma. MANECs containing poorly differentiated neuroendo-
crine carcinoma (NEC) should be treated as NEC (18). For 
patients with MANEC lesions containing a higher proportion 
of the adenocarcinoma component, they could be expected to 
have a better prognosis than patients with a lower relation-
ship. Chemotherapy protocols are not yet clearly defined be-
cause of the small number of patients with MANEC. There-
fore, there is no one best mode of chemotherapy for patients 
with MANEC. The therapy is reduced to a case-by-case ba-
sis. New studies are necessary in terms of predicting the out-
come of tumors with such pathohistological images. 

CONCLUSION 
 

In patients with diagnosed colorectal cancer, routine as 
well as additional preoperative diagnostic procedures should 
be performed to exclude the existence of kidney cancer, 
since, when synchronous, carcinoma of the kidney is mainly 
asymptomatic. On the other hand, people with urinary tract 
malignancies have a greater chance of malignancies of the 
gastrointestinal tract. The pathohistological image is of key 
importance first in determining the mixed forms of neoplasia, 
but also determining which component is more dominant, 
which in many ways is characterized by a clinical picture, a 
method of treatment, and in the outline and outcome of the 
disease. 
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