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Shoulder pain and impaired function are the third most
common musculoskeletal problem in primary care (after back
and low back pain). The prevalence of shoulder pain is in-
creased in individuals who perform overhead movements-
activities due to professional activities, such as some type
of sports, in particular volleyball, basketball swimming, ath-
letics, tennis and etc. Soft tissue injuries of shoulder are one
of the most common reasons for athletes in the above-men-
tioned sports them to be excluded from sport activities.

The aim of the study was to evaluate the effectiveness of
laser therapy and interferential current therapy with combi-
nation for soft tissues traumatic injuries of the shoulder com-
pared with therapeutic exercises for early mobilization.

52 young athletes aged 18-30 years old were selected to
participate in the study. Patients were randomly divided into
three groups and appropriate rehabilitation interventions
were performed. Assessment of shoulder function and the
results of medical rehabilitation measures before and after
treatment were performed on a scale: Penn Shoulder Score
(PSS), Western Ontario Rotator Cuff Score (WORC), Kerlan-
Jobe Orthopedic Clinical shoulder and elbow score (KJOC).
The fragment of the present study includes the evaluation
of patients in the first and third groups, laser therapy and
interferential current therapy with combination (A group)
and mono-therapy with therapeutic exercises (C group), eval-
uation was done on a PSS scale.

Based on the results obtained in the study, the combina-
tion of interferential current therapy and laser therapy helps
to improve the athlete’s ability to work, prevent premature
withdrawal from the sport and simplifies the management of
athletes’ health status.
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neitraluri malamoebis gamoyenebiT
zrdis maregulirebeli endogenuri
cilebis kanSi bioSeRwevadobis Sedare-
biTi Seswavla IN VITRO da EX VIVO cdebSi

Tssu, bavSvTa da mozardTa  yba-saxis
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departamenti,2anesTeziologiis da
reanimatologiis departamenti;3ivane
javaxiSvilis saxelobis Tbilisis saxelmwifo
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hemangioma metad gavrcelebuli axalwarmo-
naqmnia bavSvTa asakSi. igi moicavs axalSobilTa
simsivneebis 12%-s. daavadebis 60% aRiniSneba
Tavisa da kisris areSi da amrigad, dRemde rCeba
yba-saxis qirurgiis aqtualur problemad bavS-
vebSi, rac, Tavis mxriv, mkurnalobis da diagnos-
tikis axali meTodebis Ziebis safuZveli xdeba.
wamlis miRebis parenteruli  gzidan gansakuTre-
bul interess iwvevs garegani daniSnulebis
wamlis formebi: emulsiebi, malamoebi, emplas-
troebi da a.S.malamoebis meSveobiT SesaZlebe-
lia adgilobrivi da rezorbciuli moqmedebis
miReba, aqtiuri farmacevtuli ingredientis
(afi)  uSualod dazianebul ubanSi miwodeba, misi
maRali koncentraciis Seqmna kanSi, qsovilebSi,
biologiur siTxeebsa da organoebSi, aseve, aqti-
ur farmacevtul ingredientze RviZlis pirve-
ladi metabolizmis, fermentuli sistemis, pH-
is, uaryofiTi zemoqmedebis Tavidan acileba(6).
am TvalsazrisiT Zalze sainteresoa kansa da kan-
qveS ganviTarebuli sisxlZarRvebis keTilTvise-
biani simsivneebis samkurnalod biologiurad aq-
tiuri bunebrivi naerTebis adgilobrivi miwode-
ba. Termostabiluri cilebis kompleqsebi gamo-
yofilia sxvadasxva organizmebis gansxvavebuli
organoebidan. dadgenilia, rom Termostabilur
cilovan kompleqss (Tck) ar axasiaTebs saxe-
obrivi specifikuroba, xolo misi qsovilspeci-
fikuroba mxolod terminalurad diferencire-
bul ujredebTan mimarTebaSi vlindeba (9,10,11).

Cvens mier Seswavlilia neitralur malamoSi
imobilizebuli zrdasruli qaTmebis RviZlis
cilovani kompleqsis ujredebis gamravlebaze
zemoqmedeba. am mizniT 7 dRiani virTagvebis  mu-
clis areSi kanze datanili iqna 150mg neit-
raluri naxSirwyalbadovani malamo, romelSic
winaswar imobilizebuli iyo zrdasruli qaTmis
RviZlis ujredebidan gamoyofili Tck (200mkg).
naCvenebia, rom neitralur malamoSi imobilize-
buli qaTmis RviZlis Termostabiluri cilovani
kompleqsi (Tck) inarCunebs mozardi virTagve-
bis ujredebis gamravlebis damTrgunveli ze-
moqmedebis unars/1/. miRebuli monacemebis da
sisxlZarRvebis  modelur sistemaze (qaTmis
bibilo)analogiuri kvlevis Catarebis Semdeg
dadebiTi Sedegebis miRebis SemTxvevaSi,  Sesa-
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Zlebelia neitraluri naxSirwyalbadovani mala-
mo  gamoyenebuli iyos, rogorc wyalSixsnadi en-
dogenuri cilovani faqtorebis  organizmSi ara-
invaziuri gziT miwodebise feqturi saSualeba.
aRniSnuli miznis misaRwevad, aseve, aucilebelia
malamoSi imobilizebuli cilovani naerTe-bis sx-
vadasxva sisqis kanSi SeRwevadobis dadgena.

kvlevis mizans warmoadgenda zrdis mare-
gulirebeli Termostabiluri cilovani kompleq-
sis, salicilis mJavas da rutinis Semcveli mala-
moebis, SedarebiTi difuzuri procesebis da bi-
oSeRwevadobis Seswavla  in vitro da ex vivo cdebSi.

kvlevis obieqtebi da meTodebi. kvlevis
obieqtebad SerCeuli iyo salicilis mJava, ru-
tini da Termostabiluri cilovani kompleqsi.

salicilis mJavas da rutinis sakalibro
grafikebis asagebad gamxsnelad gamoyenebuli
iqna  fosfaturi buferi pH-iT 7,4, gansazRvra ki
- UV-speqtrofotometris gamoyenebiT (“19HA-
NON”), salicilis mJava  -297 nm, rutini ki  -358 nm
talRis sigrZeze. salicilis mJavas 10mg-s gax-
snili iqna100ml buferSi - samuSao standartis -
100mkg/ml-Si misaRebad. sawyisi xsnaridan
aliqvotebi 0,2ml-dan 1,0ml-mde, romelic Se-
esabameba 2-dan 10mkg/ml aqtiur farmacevtul in-
gredients, gadaitaneboda10ml moculobis gam-
zom kolbSi da gamxsneliT aiyvaneboda Wdemde.
rutinis 20mg-s ixsneboda100ml buferSi - samuSao
standartis - 200mkg/ml-Si misaRebad. sawyisi
xsnaridan aliqvotebi 0,2ml-dan 2,0 ml-mde,
romelic Seesabameba 2-dan 20mkg/ml aqtiur far-
macevtul ingredients, gadaitaneboda10ml mo-
culobis gamzom kolbSi da gamxsneliT aiyvane-
boda  Wdemde. Sesadarebeli xsnari mzaddeboda
igivenairad , preparatebis damatebis gareSe. age-
bul iqna STanTqmis koncentraciaze damokide-
bulebis grafiki, romelic aRmoCnda sworxazo-
brivi 2-dan 10mkg/ml (salicilis mJavas) da 2-dan
20mkg/ml (rutinis) diapazonSi, rac metyvelebs
imaze, rom orive SemTxvevaSi Seesabameba beris
kanons (sur.#1).

Tck-is speqtruli Tvisebebis gansaz-
Rvra. Tck-isSemcveli malamos difuziis profi-
lis Seswavlis mizniT 10mg cila gaixsna  20 ml
fosfatur buferSi, gadatanil iqna  25ml mocu-
lobis gamzom kolbSi da fosfaturi buferiT
avsebul iqna Wdemde.  cilis STanTqmis speqtri
gadaRebul iqna UV-speqtrofotometrze (“19 HA-
NON”), 200-dan 450nm talRis sigrZis diapazonSi.
sakontrolod gamoyenebuli iyo fosfaturi
buferi. Sedegebi asaxulia #5 suraTze. moyvani-
li monacemebidan Cans, rom cilas gaaCnia ultra-
iisfer areSi STanTqmis ori maqsimumi - 210 da
260nm da xilul areSi erTi - 400nm talRis si-
grZeze.

suraTi #1. salicilis mJavas (a) da
rutinis (b) sakalibro grafikebi

salicilis mJavas gazuriqromatografia
masspeqtrometriiT; analizis pirobebi:
aparati- Agilent Technologies 7890B GC System /5977A
MSD: sveti- Elite 5-MS; 30m X250 µm X 0. 25 µm; Rume-
lis temperatura - 50°C -310°C (reJimi-programu-
li); inJeqtoris temperatura- 250°C; transfer-
lainis temperatura- 310°C; airmatarebeli-he-
liumi - 1ml/wT; ionizaciis wyaro EI - 70 ev; skanire-
bis reJimi-  TIC (40 - 500 Da).

salicilis mJavas, rutinis da cilis
malamoebis momzadeba.  winaswar mzaddeba 30g
fuZe, romelic Sedgeba gamlRvali vazelinis,
emulsiuri cvilisagan da vazelinis zeTisagan.
fuZe iyofa 3  nawilad (10,0-10,0-5,0g). fuZis erT
nawilSi SeaqvT salicilis mJava, meoreSi - ruti-
ni da mesame nawilSi - ki cila. malamos fuZeSi Se-
tanili salicilis mJavas da rutinis raodenoba
Seadgens 1,0-1,0g-s, cilis ki -  0,25g-s. Sereva xde-
ba erTgvarovani masis miRebamde.

SerCeuli difuzuri membranebis
winaswari damuSaveba /7/: kvercxis apkis
membrana muSavdeba 0.1N HCl-iT 36 saaTis gan-
mavlobaSi.  Sedegad mJava Sedis kalciumTan  reaq-
ciaSi da xels uwyobs kvercxis apkis gare garsis
mocilebas. reaqciis mimdinareobaze metyvelebs
haeris buStukebis warmoqmna. miRebuli apki ram-
denjerme irecxeba gamoxdili wyaliT.

celofanis membranas, forebiT-0,025mm,
avseben gamoxdil wyalSi 24 sT-is ganmavlobaSi.

axalSobili virTagvis kanis  amokveTa mox-
da muclis aredan. kans scildeboda cximovani
qsovili, sisxlZarRvebi da Tavsdeboda fosfa-
tur buferSi  pH 7,4, romelic Seicavs antibi-
otiks - gentamicins (0,16 mg/ml),  inaxeboda gamo-
yenebamde.
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qaTmis bibilos kani (SemdgomSi - bibilos
kani) amoikveTeboda, scildeboda kanqveSa cxi-
movani qsovili, sisxlZarRvebi da kani inaxeboda
fosfatur buferSi (pH 7.4), romelic Seicavs an-
tibiotiks gentamicins (0,16mg/ml).

aqtiuri farmacevtuli ingredientebis
SeRwevadobis kinetika ganisazRvra fransis
orkameriani difuzuri ujredebis gamoyenebiT.
SerCeuli membranebi ganTavsda difuzuri ujre-
dis or ganyofilebas: donors da receptors
Soris. 5 membranis zedapirze datanili iqna sali-
cilis mJavas 10-10mg eqvivalentis Semcveli mala-
mo, anu 0,1-0,1g. meeqvse membranaze datanili iyo
0,1g malamos fuZe aqtiuri farmacevtuli ingre-
dientis Semcvelobis gareSe (sakontrolo). di-
fuzur ared gamoyenebuli iyo fosfaturi
buferi (pH 7,4). afis SeRwevadobis kinetikis gan-
sazRvrisaTvis 12 saaTis ganmavlobaSi, yovel 1
saaTSi xdeboda receptoridan saanalizo nimu-
Sis aReba 3ml-is raodenobiT, amasTan, receptor-
Si emateboda imave raodenobis sufTa (afis gare-
Se) fosfaturi buferi. kvlevis ganmavlobaSi re-
ceptoris temperatura Seadgenda 37±0.5°C-s.
analogiurad ganisazRvra rutinis difuzia.
aRebuli saanalizo nimuSebi gaifiltra qaRal-
dis unacro filtrSi da xsnarSi afis Semcvelo-
ba ganisazRvra speqtrofotometrulad 297 nm
(salicilis mJavas) da 358nm (rutinis) talRis sig-
rZeze /2,3,4,5,7,8/. cilis SemTxvevaSi kvleva
Catarda igive pirobebSi. membranaze datanili
cilis Semcveli malamos raodenoba Seadgenda
0,1g-s, rac Seesabameboda 5mg aqtiur farmacev-
tul ingredients.

membranebSi Sekavebuli afis raodeno-
bis gansazRvra ganxorcielda Semdegnairad:
aqtiuri farmacevtuli ingredientebis gamoTa-
visuflebis kinetikis gansazRvris Semdeg  mem-
brana sufTa skalpeliT iWreboda1-2mm zomis
naWrebad. Semdeg membranis naWrebi gadaitanebo-
da  qimiur WiqaSi, emateboda fosfaturi buferi
(pH7,4)  da muSavdeboda ultrabgerebiT (sonika-
tori, sixSire 20,000 Hz) 30 wT-is ganmavlobaSi.

miRebul xsnari ifiltreboda qaRaldis unacro
filtrSi, xsnarSi afis Semcveloba ganisazRvre-
boda  speqtrofotometrulad.

miRebuli monacemebi damuSavda standartu-
li variaciuli statistikis meTodiT. monaceme-
bis sarwmunobis dasadgenad gamoyenebuli iyo
stiudentis kriteriumi. monacemebis sarwmuno-
ba Seadgenda 95-99%-s.

Sedegebi da ganxilva
salicilis mJavas SeRwevadobis kinetika, ex

vivo  cdaSi-bibilos kanSi, fransis orkameriani di-
fuzuri ujredebis gamoyenebiT, Tvisebrivad
ganisazRvra gazuri qromatografia-masspeq-
trometriiT. Sedegebi asaxulia #2 suraTze.

salicilis mJavas MS speqtris SedarebiT
NIST-is monacemTa bazasTan dasturdeba misi
identuroba, rac metyvelebs sakvlev obieqtSi
afis Semcvelobaze.

salicilis mJavas da rutinis malamoebis di-
fuziis profili ganisazRvra in vitro da ex vivo
cdaSi, fransis orkameriani difuzuri ujrede-
bis gamoyenebiT, Sedegebi asaxulia #3 da #4 su-
raTebze.

salicilis mJavas da rutinis malamoebis di-
fuzuri profilis Seswavlis Sedegad aRmoCnda,
rom 12 saaTis Semdeg celofanis membranas aR-
wevs salicilis mJavas da rutinis 72,22% da
64,94% (sur.#3a), kvercxis apks - 73,74 da 68,22%,
Sesabamisad (sur.#3b), bibilos kans ki - 70,24 da
65,77%, Sesabamisad (sur.#4a). afis SeRwevadobis
yvelaze maRali maCvenebeli dafiqsirda axalSo-
bili virTagvis kanSi  -76,52 da 70,14%, Sesabami-
sad, (sur.#4 b).

rac Seexeba cilis Semcveli malamos difuzi-
is profilTan dakavSirebiT ki ex vivo cdaSi-bibi-
los da virTagvis kanSi, 12 saaTis ganmavlobaSi,
Catarebuli  kvlevebiT dadginda, rom saanali-
zo nimuSebis speqtri srul TanxvedraSia cilis
STanTqmis speqtrTan ultraiisfer da xilul
areSi (sur.#5). miRebuli Sedegebi (sur.# 5) mow-
mobs  Tck-is difuziaze Seswavlil membranebSi.

membranebis mier Sekavebuli aqtiuri far-
macevtuli ingredientebis gansazRvris Sedege-
bi mocemulia #6 suraTze.

suraTi #2. saanalizo obieqtSi salicilis mJavas (a) gazuri qromatograma (GC-MS),  saanali-
zo obieqtSi salicilis mJavas (b)MS speqtri, salicilis mJavas MS speqtri NIST-is monacemTa
bazidan (g)
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suraTi N3. salicilis mJavas da rutinis malamoebis difuziis profili: a) celofanis
membranaSi, b) kvercxis apkSi

suraTi #4. salicilis mJavas da rutinis malamoebis difuziis profili: a) bibilos kanSi,
b) axalSobili virTagvis kanSi

suraTi #6. membranebis mier aqtiuri farmacevtuli ingredientebis Sekavebuli raodenoba

suraTi N5. Tck-is da misi Semcveli malamo-ebis saanalizo nimuSebis (virTagvis da bibilos
kanSi difuziis Semdeg) STanTqmis speqtrebi
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moyvanili monacemebidan (suraTi #6) Cans,
rom salicilis mJavas da rutins mcire raodeno-
biT akavebs kvercxis apki da celofani (2,0; 2,8 da
3,1; 3,9%, Sesabamisad). bibilos kani akavebs afis
maqsimalur raodenobas (23,2% salicilis mJava
da 24,7% rutini). SedarebiT naklebi raodeno-
biT (salicilis mJava 16,2% da rutini 18,3%)
Seakava virTagvis kanma.

Catarebuli eqsperimentuli kvleviT dad-
ginda, rom virTagvis kanSi mimdinare difuzuri
procesebis siCqare aRemateba qaTmis bibilos
kans. amasTan aqtiuri farmacevtuli ingredien-
tebis Sekavebis maqsimumi dafiqsirda qaTmis
bibilos kanSi. preparatebis minimaluri Sekaveba
aRiniSna kvercxis apkSi da celofanis membrana-
Si. afis  Sekavebis donis gansxvavebis SesaZlo
mizezi SeiZleba iyos gamoyenebuli membranebis
sisqe, kanis histologiur-morfologiuri Sene-
ba da a.S. bibilos kanis sisqe aRemateba virTagvis
kanis sisqes, xolo kvercxis da celofanis mem-
brana SedarebiT Txelia.
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The present study was conducted to determine the re-
lease of the drug substances of various natures from soft
dosage forms. The study was conducted using the Franz
diffusion cell approach. Chicken comb skin, a newborn rat
skin biopsy (taken from the abdomen), polyethylene, and
eggshell membranes were used as the membrane model. The
study subjects were salicylic acid, rutin and protein. The
diffusion rate of the drugs was determined in the phosphate
buffer area (pH 7.4) at 37 ± 0.5° C temperature for 12 hours.
The concentrations of salicylic acid and rutin retained by
the membranes used in the diffusion process were deter-
mined at the end of the study (after 12 hours). The experi-
mental studies have shown that the rate of diffuse process-
es in the rat skin is higher compared to the chicken comb
skin. In addition, maximum retention of active pharmaceuti-
cal ingredients was observed in chicken comb skin. Minimal
drug retention was observed in polyethylene and eggshell
membrane samples.


