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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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The urinary bladder collects urine excreted from the kidneys 
before it is disposed by urination. During the filling phase, the 
intravesical pressure should remain constantly low in order to 
ensure continuous flow of urine from the kidneys into the blad-
der and to prevent vesico-ureteral reflux. The maintenance of 
bladder pressure is achieved by elastic properties of the bladder 
wall alongside with the activation of efferent neuronal pathways 
resulting in an inhibition of the contraction of detrusor smooth 
musculature [1]. One of the mechanism in bladder relaxation 
is an increase in the local production of the cyclic nucleotide 
monophosphates cyclic AMP and cyclic GMP brought about by 
the activation of adenylyl cyclase (AC) or the nitric oxide syn-
thase (NOS)/guanylyl cyclase, respectively. Intracellular levels 
of cyclic AMP and cyclic GMP are regulated by phosphodies-
terase (PDE) enzymes, known to degrade cyclic nucleotides by 
hydrolytic cleavage of the 3´-ribose-phosphate bond, thereby 
terminating the biological activities of the molecules [2]. Due to 
their central role in the control of intracellular signalling path-
ways and the considerable variations seen in the expression of 
PDE isoenzymes in different tissues of the human body, PDEs 
have become an attractive target for drug development. Since 
the inhibition of PDE is linked to the relaxation of vascular and 
non-vascular smooth musculature in several organs, including 
those of the male and female urinary and genital tract, PDE in-
hibition has become an option to effectively treat male erectile 
dysfunction (ED) and also lower urinary tract symptomatology 
(LUTS) secondary to benign prostatic hyperplasia (BPH) [3,4]. 
The use of PDE inhibitors to target urinary stone disease/ureteral 
colic, Peyronie’s Disease and premature ejaculation is still be-
ing considered [5-7]. With regard to the human detrusor, Truss 
et al. (1996), who applied various biochemical methods, were 
the first to report the activities of the PDE isoenzymes PDE1, 
PDE2, PDE3, PDE4 and PDE5 [8]. They also demonstrated re-
laxant responses of human detrusor strip preparations contracted 
by the muscarinic agonist carbachol to the non-selective PDE 
inhibitor papaverine and vinpocetine, a compound known to 
selectively inhibit the activity of the PDE1 (cyclic AMP/cyclic 
GMP PDE, dependent upon Ca2+/calmodulin), these effects were 
accompanied by an increase in tissue levels of both cyclic AMP 
and cyclic GMP [9]. Later, by means of immunohistochemistry, 
the expression of PDE1, PDE3 (cyclic AMP PDE, inhibited by 
cyclic GMP) and PDE4 (cyclic AMP-specific PDE) was demon-
strated in the smooth musculature of the human detrusor, immu-
nolabelling for PDE5 (cyclic GMP-specific PDE) was evident in 
smooth muscle fibers and also localized in the endothelium and 
smooth muscle cells of vesicular deferential arteries [10]. Initial 
clinical data have revealed that the PDE1 inhibitor vinpocetine 

had beneficial effects in a cohort of patients presenting with ur-
gency and urge incontinence, triggered by detrusor overactivity 
during bladder filling, who had failed standard pharmacological 
therapy with anti-muscarinic drugs [11]. Since the pharmacolog-
ical enhancement of the activity of cyclic AMP/GMP pathways 
offers a promising strategy to modulate in a selective manner the 
function of the urinary bladder, the present study aimed to evalu-
ate further the mechanism of action of selective PDE inhibitors 
on isolated human detrusor smooth musculature.

Material and methods. Tissue source
In accordance with the regulations of the Ethics Committee 

of the Hannover Medical School (Hannover, Germany), hu-
man detrusor smooth musculature was obtained from patients 
undergoing surgery for pelvic malignancies (cancerous lesions 
of the urinary bladder). Macroscopically normal, non-tumorous 
tissue was excised from the bladder dome or lateral walls and 
immediately placed in a chilled (+4°C) tissue preserving solu-
tion (CUSTODIOL, Dr. Franz Köhler Chemie GmbH, Alsbach, 
Germany).

Tissue bath studies. Square-shaped strip preparations of hu-
man detrusor smooth muscle were mounted to a tissue bath 
system (IOA 5306, Föhr Medical Instruments GmbH, Seeheim, 
Germany) under standard conditions and challenged with ace-
tylcholine (1 µM). After a stable contraction had been achieved, 
vinpocetine (PDE1 inhibitor), rolipram (PDE4 inhibitor), MY 
5445 and sildenafil (PDE5 inhibitors) were added to the bath 
chambers (three concentrations each; 0.1 µM, 1 µM, and 10 
µM) and the isometric responses recorded using a MacLabÔ 
System (AD Instruments, Castle Hill, New South Wales, Aus-
tralia). The effects of said drugs following pre-exposure (for 5 
min) of the tissue to a threshold concentration (0.02 µM) of the 
NO donor drug sodium nitroprusside (SNP, known to stimulate 
the activity of the cyclic GMP-producing enzyme guanylyl cy-
clase) or forskolin (a bacterial metabolite known to stimulate the 
activity of the cyclic AMP-producing enzyme adenylyl cyclase) 
were also examined on the tonic contraction brought about by 
acetylcholine. In the study, forskolin, SNP and the non-specific 
PDE inhibitor papaverine (0.01 µM - 100 µM) were used as ref-
erence compounds. For statistical analysis, the Student’s t-test 
was used. A probability (p) value of less than 0.05 was consid-
ered statistically significant. The non-specific reversion of ten-
sion as a function of time was subtracted from the registrations.

Chemicals. Rolipram (Ro 20-1724) and MY 5445 were ob-
tained from BIOMOL (Plymouth, PA, USA), acetylcholine, 
forskolin, papaverine and SNP from Sigma Chemical Co. (St. 
Louis, MO, USA), sildenafil citrate was supplied by NicOx S.A. 
(Sophia Antipolis, France), research quantities of vinpocetine 
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were generously provided by Gedeon Richter Pharmaceutical 
Co. (Budapest, Hungary). All other laboratory chemicals were 
purchased either from Merck KG (Darmstadt, Germany) or 
Mallinckrodt-Baker BV (Deventer, The Netherlands).

Results and discussion. The cumulative addition of the ad-
enylyl cyclase activator forskolin or NO donor drug SNP (0.01 
µM - 100 µM) resulted in a pronounced dose-dependent rever-
sion of the tension induced by acetylcholine (1 µM) of the detru-
sor smooth muscle strip preparations. Relaxation effects were 
registered starting at a concentration of 0.1 µM (SNP: -20%) or 
1 µM (forskolin: -25%), respectively (Fig. 1A). The reversion 
of tension induced by vinpocetine, rolipram and MY 5445 in a 
concentration of 10 µM was significantly different from the ef-
fects exerted by the lowest drug concentration applied (0.1 µM) 
(p ≤ 0.05, Student’s t test). However, only marginal responses of 
the detrusor smooth musculature to the addition of the PDE in-
hibitors were registered. The reversion of tension measured was 
in a range between -12% (vinpocetine/sildenafil) to -19%/-20% 
(rolipram, MY 5445) (papaverine: -22%, Fig. 1B). 

At the highest concentration applied (10 µM), sildenafil 

failed to induce a reversion of tension that was significantly 
different from effect exerted by the lowest concentration of the 
drug. Pre-exposure for 5 min of the detrusor smooth muscle 
preparations challenged by acetylcholine (1 µM) to 0.02 µM of 
SNP or forskolin prior to the addition of vinpocetine resulted in 
a significant increase of the maximum reversion of tension to 
-40% and -35%, respectively, and also ameliorated the efficacy 
of the drug at concentrations of 0.1 µM and 1 µM. Similar ef-
fects were observed for the PDE4 inhibitor rolipram. After pre-
exposure to forskolin, rolipram also induced a more pronounced 
reversion of tension (-50%). The maximum reversion of ten-
sion produced by the PDE5 inhibitor MY 5445 in response to 
preincubation with SNP was increased to -45%. In contrast, 
a threshold concentration of SNP did not significantly affect 
the maximum reversion of tension brought about by sildenafil 
(-12% vs. -19%) but added positively to the in vitro potency 
(concentration causing a noticeable effect regardless of the mag-
nitude of the effect) of the PDE5 inhibitor. Out of the PDE in-
hibitors investigated, only rolipram reached an EC50-value. The 
results are displayed in Fig. 2 (A-D).

Fig. 1 (A and B). Reversion of the tension induced by acetylcholine (1 µM) of isolated strip preparations of human detrusor 
smooth muscle in response to the cumulative addition of the adenylyl cyclase activator forskolin, nitric oxide (NO) donor sodium 

nitroprusside (SNP) (A) and non-specific phosphodiesterase inhibitor papaverine (B) (10 nM - 100 µM, each). 
Asterisk indicates that the relaxation observed at a respective concentration is significantly different from the tissue response 

elicited by the lowest drug concentration used. n=6 - 8 tissue strips originating from at least two different subjects 
were used to generate a dose-response curve
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Fig. 2 (A-D). Reversion of the tension induced by acetylcholine (1 µM) of isolated human detrusor smooth muscle 
in response to three different concentrations (0.1 µM, 1 µM, 10 µM) the PDE1-I vinpocetine (A), PDE4-I rolipram (B), 

and the PDE5-Is sildenafil citrate (C) and MY 5445 (D). PDE-Is were applied either alone or in combination 
with a threshold concentration of forskolin or SNP (0.02 µM, each). Asterisk indicates that the effect of a drug concentration 

is significantly different from the response exerted by the lowest concentration used. § indicates that the tissue response 
is significantly different from those registered in the absence of forskolin or SNP, respectively. n=6-8 tissue strips originating 

from at least two different subjects were used to generate a dose-response curve

To date, the enhancement of cyclic nucleotide production 
brought about by NO-releasing drugs or selective inhibitors of 
cyclic AMP and cyclic GMP degrading PDE isoenzymes rep-
resents an interesting pharmacological option to influence the 
function of smooth musculature in the lower urinary tract. In 
particular, PDE inhibitors have been intensively investigated in 
vitro and in vivo with regard to their effects on tissues of the uri-
nary tract. There is vast evidence from animal and human stud-
ies that the relaxation of the urinary bladder during the filling 
phase is mediated via an increase in cyclic GMP (presumably 
resulting in the inhibition of the activity generated by interstitial 
cells), a role for cyclic AMP has also been deduced from ex-
perimental as well as clinical investigations [3,4,5]. By means of 
biochemical and immunohistochemical methods, the presence 
of PDE1, PDE4 and PDE5 has been demonstrated in the smooth 
musculature of the human detrusor [10]. In the present study, us-
ing isolated human detrusor smooth muscle and the tissue bath 
technique, we have found that the PDE1 inhibitor vinpocetine, 
PDE4 inhibitor rolipram and PDE5 inhibitors sildenafil and MY 
5445 were almost equieffective in antagonizing the tonic con-
traction induced by the muscarinic agonist acetylcholine. This 
is, in part, in contrast to findings published earlier by Truss et 
al., who reported that the effect of vinpocetine (50% reversion 
of tension) was superior to the other PDE inhibitors they investi-
gated in their set-up (milrinone, rolipram, zaprinast, dipyridam-
ole) [9]. However, we did not exceed the drug concentration to a 
maximum of 100 µM. Pre-exposure of the tissue to a threshold 
concentration of SNP or forskolin enhanced the reversion of ten-
sion induced by the PDE1 inhibitor vinpocetine, PDE4 inhibitor 
rolipram and PDE5 inhibitor MY 5445, while pre-exposure to 
the NO donor SNP did not affect the maximum reversion of ten-
sion exerted by sildenafil, but significantly increased the potency 
of the PDE5 inhibitor. This is well in agreement with previous 
studies: Kedia et al., using isolated human prostate tissue ex-
cised from the transition zone, reported an increase in the re-
laxation brought about by the PDE4 inhibitors rolipram and RP 
73401 in the presence of a threshold concentration (0.05 µM) 

of forskolin [12]. Synergistic effects of the PDE5 inhibitor var-
denafil and BAY 60-4552, a compound known to stimulate the 
enzyme guanylyl cyclase in a manner independent of NO, on 
the relaxation of the adrenergic tension of isolated penile erec-
tile tissue (corpus cavernosum) have also been described [13]. 

It seems likely that the action of PDE inhibitors requires an ad-
equate activity of the cyclic GMP and cyclic AMP producing 
systems (guanylyl cyclase, adenylyl cyclase), as usually seen in 
tissues in situ. This is supported by the observation that in a rat 
model of bladder overactivity (BO), induced by partial urethral 
obstruction, the combination of PDE5 inhibition by vardenafil 
and stimulation of the activity of the guanylyl cyclase did not 
result in an urodynamic improvement in BO that was superior to 
the effects elicited by either of the compounds [14]. This might 
also explain as to how selective PDE inhibitors, such as vin-
pocetine and tadalafil, despite their limited effectiveness in vi-
tro, can improve meaningful in randomized, placebo-controlled 
clinical settings, in terms of the outcome parameters micturi-
tion frequency, bladder volume at first voiding desire, maximum 
detrusor pressure and voided volume, symptoms of frequency, 
urgency and urge incontinence in male and female patients with 
OAB when compared to the non-treatment group [11,15,16]. In 
conclusion, the present study provided hints that selective PDE 
inhibitors tend to be more effective in systems characterized by 
an enhanced production of cyclic nucleotides cyclic GMP and/
or cyclic AMP (such as urogenital tissues in situ). The findings 
might provide a scientific basis to explain how PDE inhibitors 
can beneficially affect storage and voiding functions of the uri-
nary bladder in patients with OAB.
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SUMMARY
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THE RELAXATION OF ISOLATED HUMAN DETRUSOR SMOOTH MUSCLE
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Phosphodiesterase (PDE) enzymes are considered being key 
proteins in controlling the function of smooth musculature in 
the human urinary tract. The use of PDE inhibitors (PDE-Is) to 
treat erectile dysfunction and lower urinary tract symptomatol-
ogy (LUTS) secondary to benign prostatic hyperplasia (BPH) is 
well established. It has been shown that PDE-Is can reverse the 
tension induced by means of muscarinergic agents of detrusor 
smooth muscle and enhance the production of cyclic nucleo-
tides. In clinical settings, the PDE1 inhibitor vinpocetine had 
beneficial effects in patients presenting with voiding dysfunc-
tions. This prompted us to evaluate further the mechanism of 
action of PDE-Is on bladder smooth musculature.

Using the tissue bath technique, relaxant responses of human 
detrusor smooth muscle, challenged by acetylcholine (1 µM), to 
vinpocetine (PDE1-I), rolipram (PDE4-I), MY 5445 and silde-
nafil (PDE5-Is) (0.1 µM, 1 µM, and 10 µM) were investigated 
with and without pre-exposure of the tissue to threshold concen-
trations of the NO donor drug sodium nitroprusside (SNP) or 
adenylyl cyclase activator forskolin (0.02 µM). The non-specific 
PDE-I papaverine was used as a reference compound.

The cumulative addition of forskolin or SNP exerted a pro-
nounced reversion of the tension induced by means of ACh, 
starting at a concentration of 1 µM (forskolin, -25,6%) and 
0.1 µM (SNP, -20%), respectively. There were marginal re-
sponses of the detrusor smooth musculature to the PDE-Is, 
the relaxation measured ranged from -12% (vinpocetine/
sildenafil) to -19% (rolipram, MY 5445). Exposure of the 
tissue to a threshold concentration of SNP increased the re-
version of tension induced by vinpocetine (-40%), rolipram 
(-50%) and MY 5445 (-45%). An enhancement in the potency 
of the drugs was also registered. A threshold concentration of 
SNP did not significantly affect the maximum reversion of 
tension brought about by sildenafil but added positively to the 
in vitro potency of the PDE5-I.

PDE inhibitors may tend to be more effective in systems char-
acterized by an enhanced production of cyclic AMP/GMP (such 
as urogenital tissues in vivo). Our findings may explain how 
PDE inhibitors can affect symptoms of the overactive bladder.

Keywords: phosphodiesterase inhibitors, detrusor smooth 
musculature, cyclic AMP, cyclic, GMP.
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РЕЗЮМЕ

СТИМУЛЯЦИЯ СИГНАЛОВ ЦИКЛИЧЕСКИХ НУ-
КЛЕОТИДОВ AMФ/ГМФ УЛУЧШАЕТ РЕЛАК-
САЦИЮ, ВЫЗВАННУЮ ИНГИБИТОРАМИ ФОС-
ФОДИЭСТЕРАЗЫ, ИЗОЛИРОВАННОЙ ГЛАДКОЙ 
МУСКУЛАТУРЫ ДЕТРУЗОРА ЧЕЛОВЕКА
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Ферменты фосфодиэстеразы (ФДЭ) считаются ключевы-
ми белками, контролирующими функцию гладкой муску-
латуры мочевыводящих путей человека. Широко извест-
но использование ингибиторов ФДЭ (ИФДЭ) для лечения 
эректильной дисфункции и симптомов нижних мочевых 
путей (СНМП) в результате доброкачественной гиперпла-
зии предстательной железы (ДГПЖ). Показано, что ИФДЭ 
могут противодействовать сокращению, вызванному муска-
ринергическими агентами гладких мышц детрузора и уве-
личивать продукцию циклических нуклеотидов (аденозин 
и гуанозин монофосфаты - цAMФ/цГМФ). В клинических 
исследованиях, ингибитор ФДЭ1 винпоцетин имел поло-
жительные эффекты у пациентов c нарушением функции 
мочеиспускания, что послужило поводом для дополнитель-
ных исследований механизма действия ИФДЭ на гладкую 
мускулатуру мочевого пузыря.

Используя стандартное оборудование для изометрических 
исследований, изучены эффекты винпоцетина (ИФДЭ1), ро-
липрама (ИФДЭ4), MY 5445 и силденафилa (ИФДЭ5) 
(0,1 мкМ, 1 мкМ и 10 мкМ) на сокращениe, вызванное 
ацетилхолином (1 мкМ), гладкой мускулатуры детрузора че-
ловека, без и с предварительным воздействием на ткань по-
роговых концентраций донора оксида азота нитропруссида 
натрия (SNP) или активатора аденилатциклазы форсколина 
(0,02 мкМ). Неспецифический ИФДЭ папаверин использо-
вали в качестве контрольного соединения. 

Кумулятивное добавление форсколина или SNP вызвало 
выраженное расслаблениe ацетилхолином-опосредованно-
го сокращения, начиная с концентрации 1мкМ (форсколин, 
-25,6%) и 0,1 мкМ (SNP, -20%), соответственно. Наблюда-
лись маргинальные реакции гладкой мускулатуры детрузо-
ра на ИФДЭ, при этом расслабление варьировало от -12% 
(винпоцетин/силденафил) до -19% (ролипрам, MY 5445). 
Воздействие на ткань пороговой концентрации SNP усилило 
расслаблениe сокращения, вызванное винпоцетином (-40%), 
ролипрамом (-50%) и MY 5445 (-45%). Зарегистрировано 
также усиление потенции препаратов. Пороговая концентра-
ция SNP не оказала значительного влияния на максимальное 
расслаблениe сокращения, вызванное силденафилом, однако 
положительно повлияла на потенцию ИФДЭ5 in vitro. 

Ингибиторы ФДЭ могут быть более эффективными в си-
стемах, характеризующихся усиленной выработкой цAMФ/
цГМФ, например, ткани мочеполовой системы in vivo. Полу-

ченные результаты могут объяснить механизм влияния инги-
биторов ФДЭ на симптомы гиперактивного мочевого пузыря. 
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cikluri nukleotidebis amf/gmf signalis sti-
mulacia aumjobesebs fosfodiesterazis inhibi-
torebiT gamowveul adamianis izolirebuli 
Sardis buStis gluvi kunTis relaqsacias
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fosfodiesterazis (fde) fermentebi iTvlebian 
sakvanZo cilebad, romlebic akontroleben gluvi 
kunTebis funqcias adamianis saSarde gzebSi. fde 
inhibitorebs (fde-i`bs) gamoiyeneben ereqciuli 
disfunqciisa da prostatis keTilTvisebiani hiper-
plaziis Sedegad ganviTarebuli qveda saSarde 
gzebis simptomatikis samkurnalod. naCvenebia, 
rom fde-i`bs SeuZlia winaaRmdegoba gauwios 
muskarinerguli saSualebebiT gamowveul Sar-
dis buStis gluvi kunTis SekumSvas da gazardos 
cikluri nukleotidebis - adenozin da guanozin 
monofosfatebis (

c
amf/

c
gmf) warmoeba. klinikur 

pirobebSi fde1 inhibitors vinpocetins hqonda sa-
sargeblo efeqti pacientebSi, romlebsac aReniS-
nebodaT Sardvis disfunqciebi, ramac gamoiwvia 
Sardis buStis gluv kunTze fde-i`bs moqmedebis 
meqanizmis damatebiT Seswavlis aucilebloba. 
qsovilis izometruli kvlevebis standartu-

li danadgaris gamoyenebiT Seswavlilia vinpo-
cetinis (fde1-i), rolipramis (fde4-i), MY 5445 da 
sildenafilis (fde5-bi) (0,1 mkm, 1 mkm da 10 mkm) 
moqmedeba acetilqoliniT (1 mkm) gamowveul ada-
mianis Sardis buStis gluv kunTis SekumSvaze, 
azotis oqsidis sodiumis nitroprusidis (snp) an 
adenilatis ciklazas aqtivatoris forskolinis 
zRurbluli koncentraciebis qsovilis winas-
wari zemoqmedebiT an maTi zemoqmedebis gareSe. 
araspecifikuri fde-i papaverini gamoyenebuli 
iyo rogorc sakontrolo naerTi.
forskolinis an snp–is kumulaciurma da-

matebam moaxdina acetilqoliniT gamowveuli 
SekumSvis gamoxatuli relaqsacia, dawyebuli 
1 mkm (forskolini –25,6%) da 0,1 mkm (snp –20%) 
koncentraciebiT, Sesabamisad. gluvi kunTebis 
reaqciebi fde-i`bze iyo marginaluri, relaqsacia 
dafiqsirda –12%-dan (vinpocetini/sildenafili) 
– 19%–mde (roliprami, MY 5445). qsovilis zemo-
qmedebam snp-is zRurblovani koncentraciiT ga-
zarda vinpocetiniT (-40%), rolipramiT (-50%) da 
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MY 5445 (-45%) gamowveuli SekumSvis relaqsacia. 
aseve dafiqsirda preparatebis potenciis zrda. 
snp-is zRurblovan koncentracias mniSvnelovani 
gavlena ar mouxdenia sildenafilis mier 
gamowveul maqsimalur efeqtze, Tumca dadebiTad 
imoqmeda mis in vitro potencialze.
fde inhibitorebi SeiZleba ufro efeqturi 

iyvnen sistemebSi, romlebic xasiaTdeba 
c
amf/

c
gmf 

gaumjobesebuli warmoebiT, magaliTad, Sard-
sasqeso sistemis qsovilebi in vivo. 
Catarebuli kvlevebiT miRebuli SedegebiT 

SeiZleba aixsnas, Tu rogor SeuZliaT fde in-
hibitorebs gavlena moaxdinon zeaqtiuri Sardis 
buStis simptomebze.

POSTOPERATIVE HEMORRHAGE AS A COMPLICATION 
OF A PARTIAL NEPHRECTOMY: FREQUENCY, FEATURES AND MANAGEMENT

Styopushkin S., Chaikovskyi V., Chernylovskyi V., Sokolenkо R., Bondarenko D.

City Clinical Hospital №4, Dnipro, Ukraine

Currently, partial nephrectomy (PN) is considered to be the 
“gold standard” for the surgical treatment of renal tumors up to 
7 cm (T1b) when technically possible [1,2]. These recommenda-
tions are based on the equivalent oncological results of radical 
nephrectomy (RN) and PN, but an increased risk of chronic re-
nal failure after RN [3–7]. A number of authors have shown that 
not only the size of the tumor affects the choice of the surgical 
treatment, but also the volume of preserved functioning paren-
chyma, which expands the indications for performing PN [8]. 
Over the past decade, several nephrometric systems have been 
implemented into practice in order to facilitate preoperative 
decision-making, planning of surgery and predicting possible 
complications of PN [8-10]. Bleeding is one of the most danger-
ous and serious complications; it occurs in 2-6% of cases after 
PN [11-13]. This complication requires proper management, 
namely: from observation to selective angioembolization and, in 
rare cases, the need to perform salvage nephrectomy.

The aim of our work was to study the nature of possible post-
operative complications and determine the frequency and causes 
of delayed postoperative bleeding as a result of PN.

Material and methods. In our department, from January 2008 

to December 2019, 175 PN were performed by a single surgeon: 41 
were laparoscopic. In 152 cases kidney cancer was detected. Table 
1 shows the characteristics of the groups of operated patients with 
traditional open access and laparoscopic surgery.

Diagnostic examination of patients included clinical exami-
nation, laboratory and instrumental (ultrasound, dynamic neph-
roscintigraphy, enhanced computed tomography (CT)) etc. We 
used the R.E.N.A.L nephrometry scale for preoperative plan-
ning and predicting of the PN [9]. 

In terms of the stage of the kidney cancer, concomitant dis-
eases and their complications, sex and age, both groups of pa-
tients were comparable. In the LPN group, the average size of 
the removed tumor was smaller, which is associated with a care-
ful selection of patients at the beginning of the development of 
laparoscopic techniques [14].

In our study, the majority of patients (38% OPN\58% LPN) 
had a tumor in the lower pole. A tumor of the middle part of 
the kidney was detected in 33% of patients in the OPN group 
and in 22% of patients in the LPN group. Rarely, the location of 
the tumor was in the upper pole - 29% and 20% in both groups, 
respectively.

Table 1. The characteristics of the groups of operated patients with traditional open access and laparoscopic surgery

 Open partial nephrectomy (OPN)
(n=134)

Laparoscopic partial nephrectomy (LPN)
(n=41)

Patient’s sex
female– 60 (45%) female– 23 (56%)

male– 74 (55%) male– 18 (44%)

Median age, years 55 (33-79) 54 (48-75)

Side
right kidney – 72 (54%) right kidney – 26 (63%)

left kidney – 62 (46%) left kidney – 15 (37%)

Tumor localisation 

upper pole– 39 (29%) upper pole – 8 (20%)

median part – 44 (33%) median part – 9 (22%)

lower pole– 51 (38%) lower pole – 24 (58%)

Median tumor diameter, cm 3,8 (1,5-7,5) 2,9 (1,5-5,0)
RENAL score, points 9-10 6-7 


