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ACCUMULATION
OF GLYCOSAMINOGIXCANS

AND OXYPROLINE IN THB KNEE JOINT
OF RATS WITH DIFFERENT METHODS

OF ADMINISTRATION OF PREPARATIONS
THAT CONTAIN HUMIC SUBSTANCES

Purpose. Identificatiort of the most effective nxetlnd
ofadministering preparations based on humic substances in
oruler to a(:tivate the accumulation of glycosanrinoglycans
and oxyproline within the struclures t{ the btee joint in
laboralory rats. Materials, methods. An experintental
study was conducted on 30 sexualb) matlu'e male lahoratory
rats. Animals were divided into 6 groups: group I - intact
(:ofitrol; group 2 * drinlcing w-ater and "Gtmilid AS-10"
5 mg/kg + daily rubbing oJ'0.3 g "Gumiphann" ointmeilt;
group 3 * drinkingwater and "Gumilid AS-10" 5 mg/kg +
electrophoresis with 0.3 g of "Gumipharm" ointment:
group 4 * drinking water and "Gumilid AS-10" 5 mg/kg;
group 5 * daily rubbing in of 0.3 g " Guniphtrrm " ointment;
group 6 * electrophore,sis and 0.j g oJ' "Gumipharm"
ointment. Rubbing or electrophore.sis tlilh ointment was
perfornted on lhe le.li knee.joint. On dav 21, the rats were
tctken ottt of the experintent under thiopentctl anesthesia,
the left knee joints v,eret isolated, homogenates were:
prepared, in which gly*co,saminoglycans und oxl,proline
were determined. Scientific novelty. In lhe experintent
on laboratory animals, the eJJbctiveness of the conbined
method of administering preparations containing humic
substances without violating the integriqt of tissues i,l
order to activate the erct:wnulation of glycosuntinoglycans
and oxyproline within the stt'uctures of the knee joint
lrus been proven. Results, The conducled experimental
study established the maximum accutnulation
o.f glycosaminoglycans in the knee joints o/'lefioratory
rats aJier oral administration of "Gumilid AS-10" in
combination with bcal application of "Gumipharm"
oinlment by nthhing or electrophorcsis. The level
of glycosaminoglycatxs after using these methods of drug
adrninistration increa.sed by 54.1 and 46.7 %o, respectively.

Oral administration of only "Gurnilid AS-10" to animals
increased this indiccttor in the knee joint by 16.0 %. The
use oJ'only lot:al administration of drugs contributecl to
an in<:rease in gly:'6satninoglyc:an,t in the knee joint oJ'rats
bv 24.,\ ?to (rubhing) and 29.3 '% (electrophoresis).
The accurnulation oJ-oxllproline in the knee joints oJ'rats
a/iu' tli.fJbrent methods of introducing humic substatrces
exlribited the same character. The level rl' oxyprcline
itr the joittl tissue increased by 60.6 % aJier oral
udnini.stration + rubhing in the ointment, by 47.5 tlier
oral administration * electrophorcsis with ointment, by
12.1 % after oral administration, by y'Q.7 % aJier rubbing
in the ointment and by 40.6 % aJier electrophrtresis o-ith
ointment. Co nclusion. The mo,s t appropriate way to acl ivate
the accumulation of gll,cqsaminoglycons and oryproline
in the slntctures of the krrce joint in laboratory rats under
the infiuence of hLtmic substances is the oral administration
of "Gunilid AS-10" in cctmbination with the loc.al use
of "Gttnipharnl" oinhnent hy rubbing or electrophoresis.
Key words: laboratory rats, humic sttbslances,
accumulation of glycosaminoglycans and ox-vproline.
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HAKOTIITqBHH'I
UIIKO3AMIHIIIKAHIB

TA OKCI4IPOJIIHY Y KOJIIHHOMY
cyruroBl rIIyPrB rrPrr Pr3HpIx

c[oco6Ax BBEAEHHfl IPEIAPATIB
3 IYMTHOB}IMLI PE qOBI,IHAM}I

Mema. Bwrceeunn uaii6iLrutu e(texnrucuoeo c:noco6y oee-
deuu:t npenapami+ ua ocuctei zytvtiuooux peuoeuu r)tu
atcnurca4i|' HaKonulteHHfl ;z-ttixosauiuoetixouie ma oxcu-
nponiily 6 cmpvKmypax rconiuuoeo cye4o6a y ta1opamop-
HLLv utypi6. Mamepianu iwerflodu. Excnepuneuma,zaue
doc"nidcrceuust nporetu ua 3 0 cmanrceospLrtux,ta6opamop-
Htrx cavt4tLr, r,trytpio. Toapuwu 6ytto pt.tsnodineuo ua 6 eqryn:
I - iumaxmnui xoumpont,, 2 - s numuop eodon <I"ytv.itid
AC-lb 5 nz/xz * uqodeuue qmupaHHu nasi 0,3 e <lytvti-
rfiapaot, 3 - s numuoro eodorc <fytvL,rid AC-Lb) 5 ue/xz +
enercmporpopes is 0,3 e uai <fyivi(taput, 4 - t numHoto
codoto <lyuiitid AC-10> 5 ue/xa, 5 - qodeune smupaHHtt
uasi 0,3 e <l-y,vitfapaD, 6 * ercKmpo(topea is 0,3 e aaasi
<lyiuirpapu>. Bmupauua a1o etexmpo$opn b Ma$p
sdiicHn*atu utr ileurt xoeirutui (yarc6. Ha 2l deuu q1,pia
eueod&nu 3 eKcnepltiletmy nid mioneumunoeuil HapKo-

@ K.A. Senrenov, L.M. Stepchenko, D.K. Senrcnov, ]()22
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to.tt, sttditnttt .niei xo.'riuui c)Eto6u, ,aomyea.lu zo.4o?e-
H1tnu, 6 nmt.t ttpoeodtLlu Bu3HuqailHn uixostt.ttiu,,lixattitt
ma oK('L!tlponiu1'. Hayxoqa ttosu?ilu. B etxcneptweurui
Ha ia6opun'topilux msapuilax doqedena etlsexmusuicma
xou1iuocanozo cnout1y 66eAeHHtt npendpamil, ultt ui<'-
mamo eyuiuori peqoruHtt, 6es nopvtueuun 4iticnocmi
m Ka H u H dt n a x m u aa4ii' uaxo n u qe u ua,u i xo'tau i no et i xa u i e

ma oxcunponiHy s cmpyKmypax KolxiHuoao cyaao6a up,pie.
Peslnonmmu. Ilpoeedeue eKcnepuileHmcLqbHe docai-
dlteutn ecn aHoau4o ilaqclltutanbHe uaxonuqeuut elixo-
eauiuetixauic y xoniuuux cye,to5ax na6opamopuux up'pie
nicim nepopurrr'uoeo eoedeuutt fy,ttittid AC- l0 y noeduam.d
:t :tticqecutt HaileceHHtl\4 arcei l_vadcltap,,vr Lunnxo.li Bmu-
panta a6o arcxmpo(topeay. Pieeuu z^trixosauiue:tixauie
nic:n tlux cnoco6ie eaedeuus npenapamie s1intuntaca ua
54,1 ma 46,7 % eidnoeiduo. Ti",u,xu nepopanbHe 3anpo-
oadtceuutr nsapuHav <I)lttinid AC-l0D nidew.4*no 4efi
noKa3uuK y r<oaiwto,tty cyarc6i ua 16,0 94. 3acmocyeauutr
ruute nic:|eatteo ooedeuutr npenapamie cttpustno :6itu,-
MeHiln z.nixosttuittz:tixttuie y, rcotiruutul' t:y;,to5i u.lvltic
ua 24,8 (cmutrtuuun) ma 29,3 ok (ercxmpo(xtpes).
I'[axonuveuun oxcunpoltiu.y tt x<'utiuuttx c)'zto6ax q!-pi6
nic.na pilnux cnoco6ie ceedeuua zy-,ttiuosttx peqo*uH ,ud.no

maxui caxuil xapaKnrcp. Piaeuo oxcunpottiult s6iibuuecx
y mxauuni q)eno6a ua 60,6 26 nicn:r nepopanbiloeo s6e-
denra 1- smupaHH* nasi, rlo 47,5 nictx nep()panbiloeo
oaedeuust -t ercmpo(tope3 3 ,ra?.:tto, ua l2,l ol nicnn
nepoparhiloeo oeederua, ua 40,7 ?6 niclu omtttrtauun naai
ma na 40,6'% nicta e.texmpo(tope:ry 3 tta%n.
Bucttosox. Hail1i"taw doqim,uu'tt cnoco6o;rz aKmu6a-

4ii' uaxonuaeunn atixota;tiuoeilxoxie ma oxctatpo.,tiul'
6 cmpyKmypax xoaiuuoeo c-vz,to6a y aa1opamoputtr ulypia
nid amuaou ?yl4iiloel$ peqosutt c nepopdrbtrc seedeHun
<I,v.uinid AC-lb )! nocdHaHili a uic4eeutt ottKopuanail-
rut,tt xasi <ly,virpaput uuuxo.L, *mltpauttn a(to eteronpo-
rlopesy.
Knnqoei cilona: ta6opamopui t41'pu, ey.ttiuoei peuoeuuu,
H aKo nLH eHH, zai xo s a.t t i u o ztr i xa u ie m a o xcu np o-n i uy.

Formulation of the problem. At preseut, in

connection with the developrnent ofnew approaches to
the crcation of basic drugs for the treatment of'diseases

of the musculoskeletal systern and in assessing
the mechanism of action ofthese drugs" it is necessary
to take into account the rnethod of administration
of drugs and their effect on the activation
of the accumulation of glycosaminoglycans
and oxyproline within the connective tissue [2; 5].

Genetic mutations that occur in anirnals due
to inbreeding lead to connective tissue dysplasia,
and in adulthood, many high-bred animals develop
arthritis of various etiologies. The use of drugs
that have the ability to activate the accumulation
of glycosaminoglycans and oxyproline in
the connective tissue is currently a relevant issue.

Dystrophic altered or crr.rmpled areas

of the afiicular surf'ace of the b<lne, due to mechanical
damage, inflammation or genetic mutations, gradually
lose their luster, thin out. and becorne covered with
star-shaped cracks. This pathological condition

ol the cartilaginous tissue is called traumatic
chondromalacia [1; 4]. To solve this problem, drugs
with a chondroprotective eflect are used.

Our attentior: in this regard was attracted by
preparations containing humic substances. These

compounds are a wide range of natural substances

that have antioxidant anti-inflammatory propefties,

activate tissue metabolism, accelerate oell
renewal, as well as the reparative and regenerative
processes within damaged tissues, and also improve
wound and ulcer healing [3]. On the domestic
phanlaceutical market, "Gumipharm" and "GumiIid
AS-10" ointments are available. The composition
ol'the "Gumipharm" ointment inch,rdes a salt of humic
acids, propolis, and alpha-tocopherol acetate.

Propolis has pronouncecl wound healing, analgesic,
anti-inflamn:atory and deodorizing properties.
'lbcopherol acetate has antioxidant properties

ancl improves tissue regeneration processes.

As a preparation for oral administration, "Gumilid
AS-10" was chosen, which is a biologically active
feed additive based on humic acids isolated from
environmentally fri endly peat.

Taking into account the pronounced anti-
inflan:matory regenerating and other biological
effects of humic substances, as well as

the known data on the inhibition of the synthesis
of collagen and glycosaminoglycans within the matrix
of the cartilage of the joints in cases of artlritis
and arthrosis, we can assu[le certain therapeutic
and prophylactic properties of preparations with
humic substances rvhen used during the clevelopment
ol'these pathologies.

The foregoing determined the purpose
of the experimental study - the identification
of' the most effective method of adrninistering
preparations based on humic substances in order to
activate the accumulation of glycosaminoglycans
and oxyproline within the structures of the knee joint
oflaboratory rats,

Material and methods of research. An
experimental study was carried out on 30 outbred
laboratory rats, male, 8 months old, with an average

weight of 284 g. All animals were kept under standard
light and temperature conditions of the vivarium
and a standard feeding regimen. The studies were
carried out on the left knee ioint. Animals lvere
clivided into 6 groups, with live rats in each group:

The first gror:p ofrats served as an intact control
group, kept under norrrlal standard conditions.

The second group of animals received drinking
water with the addition of humic substances ir
the composition of 1 ?i, "GurnilidAS-10" preparation



(Allbiz, Ukraine) at a dose of 5 mg/kg of body weight.
The calculation of the amount of administered
substances was carried out taking into account
the average weight of the anilnals and the water
drunk. Additionally, the left knee joint of rats was
subjected to daily rubbing of the "Gumipharm"
ointment ("Farmatron", Ukraine) in the amount
of 0.3 g fbr I min.

The third group of animals received drinking
water with the addition of humic substances in
the composition of I % "Gumilid" preparation
at a dose of 5 nrg/kg of body weight. "Gumipharm"
ointment on the knee joint was applied by
electrophoresis. Electrophoresis was carried out as

follows: 0.3 g of "Gumipharm" ointment was applied
to a shaved knee joint; active electrodes were set up
parallel to each other (this condition was mandatory)
so that the active substance could penetrate into
the structures of the joint as much as possible. The
passive electrode was placed on the shaved part
of the spino-caudal region. Electrophoresis was
caried out daily for 7 minutes with current strength
of 0.5 A.

The fburth group of rats receivcd only drinking
rvater with the addition of huntic substances in
the composition of I % "Gumilid" preparation
at a dose of 5 mg/kg of body weight.

In the fl h group ofanimals,0.3 g of"Gumipharm"
ointment was daily rubbed into the knee joint,

In the sixth group of rats, "Gumiphatm" ointmcnt
was injected into the knee joint using electrophoresis.

The maintenance and removal of animals from
the experiment rvas carried out in accordance
with the provisions established by the Directive
of tlre European Parliament and Council (20101631

EU) and the Order of the Ministry of Education
and Science, Youth and Sports of Ukraine
No. 249 of March 01,2012.

On the 2l st day of the experiment, rats
were withdrawn f'rom the experiment by
opening the vessels and total bloodlettirrg from
the hearl under thiopental anesthesia (40 mg/kg) [8].
To assess the state of collagen, the content
of total oxyproline and glycosaminoglycans was
determined in the knee joints, on which therapeutic
rneasures were carried out. For the preparation
of homogenates, the prepared knee joints of rats
rvere freecl fiom the skin, and a 100 mg sample
was ground in a mortar with 1 ml of saline. The
resulting homogenates were stored in a refrigerator
at +3 oC for 24 hours. Aller that, centrifugation
was performed at 3000 rpm for 15 min. The
content of glycosaminoglycans in the homogenates

1l

of the knee joints was determined using a coloring
agent according to the method [7] and expressed
in mg/g of the joint tissue; the content of oxyproline
was determined according to the method t6]
and expressed in mmol/g of the joint tissue.

Statistical processing of the obtained results was
can'ied out using Student's t-test.

Results and discussion. The results ofdetermining
the content of glycosaminoglycans in the knee joints
of rats after the aclministration of various combos
of "Gurrilid AS-10" and "Gumipharm" preparations
containing humic substances are shown in Fig. 1.
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Figure l. The content of glycosaminoglycans in the knee
joints of rats after tlre adminisffation of preparations

containing humic substances, mg/g

Note: I * control: 2 - "Gumilid AS-10" with drinking wdter
ud "Gumiphurm" rubbing; .l - "Guntilid AS-10" with drinking
water and "Gumipharm" eleclrophorcsis;4 - "Gumilid
AS-10" with drinking water; 5 -"Gumiphurm" rubbing,
6 - "Gunriphorm" eleclrophorcsis

As shown in Fig. 1, the content
of glycosaminoglycans, which form the basis
of the irrtercellular matrix of connective tissue,
maximizes in the knee joints ofrats ofthe 2nd and 3rd
groups, which underwent combined administration
of preparations of humic substances - "Gumilid
AS- 10" orally with local rubbing ofthe "Gumipharm"
ointment (p<0.01, group 2) or introducing
"Gumipharm" by electrophoresis (p<0.02,
group 3). The increase jrr this indicator was 54.1 0h

in the 2nd group and 46.7 %o in the 3rd group.
There were no significant differences in the level
of glycosarninoglyoans in the joints between the 2nd
and 3rd groups (p>0.05), which indicates the same
eflbctiveness of the methods of drug administration
used in these groups (F'ig. I ).

Oral administration of "Cumilid AS-10" to
animals caused only a tendency to increase the level
of glycosaminoglycans in the knee joint of rats
of the 4th group (0.1<p<0.05) and increased this
indicator by 16.0 % compared with the values

"Bulletin of Dentistrl," "Bicutrx cmouamoto;:ii"', Ne 2 (l I9), T 44-2022
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in the intact control groLrp. The result obtained
indicates a very low efficiency o{' accumulation
of glycosaminoglycans in the joints of animals aller
oral administration of humic substances (Fig. 1).

Local administration of the "Gumipharm"
ointment by rubbing in the 5th group contributed
to a significant increase in the content
of glycosaminoglycans in the knee joints of animals
by 24.8 % (p<0.05). The introduction of an ointment
with hurnic substances into the knee joint of rats using
electrophoresis in the 6th group led to an increase in
glycosanrinoglycans in the ioint by 29.3 % {p<0.02).
There was no significant differ:ence in this indicator
bctween the 5th and 6th groups (p>0.05, Fig. l).

The picture of the accumulation of oxyproline,
the main component of connective tissue collagen,
under the influence of the introduction of preparations
with humic substances had the same character. As can be

seen frour the results shown in Figr.rre 2, the maximum
content of oxyproline was recorded in the knee joints
of the 2nd group of rats, which were administered
the "Gumilid AS-10" humic substances with drinking
water in combination with the local application
ofthe "Gumipharm" ointment. The level of oxyproline
in the knee joints of rats of this group increased by
60.6 % (p<0.001). Approximately the same efliciency
of accumulation of oxyproline in the joints u,as notecl

after oral administration of "Cumilid AS-10" against
the background of electrophoresis with "Gumipharm"
in rats of the 3rd group. In this case, the level
ol' oxyproline increased by 47.5 %. There was l.lo
significant dillerence in this indicator between the 2nd

and 3rd groups (p>0.05, Fig. 2).

Groups

Figure 2. The content ofoxyproline in the knee joints
of rats afier the adnrinistration of preparations containing
hurnic substances, pmol/g

Note: I * control; 2 - "Gumilid AS-10" with drittking water
crnd "Gumiytharn" rultbing; 3 -- "Gunilitl AS- 10" with drinhing
water and "Gumiphann" electrcphoresis; 4 --"Gumilid
AS-10" with drinking v,ster; 5 -"Gunipharm" rubbing,
6 - "Gumiplrurm" electrophoresis

The lowest values of the content of oxyproline
were established after the introduction of "Guunilid
AS-10" in the composition of drinking water in
the knee joints of the 4th group of rats. The increase

in this indicator was 12.1 o/o and had no signi{icant
differences from the control values (p>0.05).

The efficiency of accumulation of oxyproline
in the joints under the influence of rubbing in
the "Gumipharm" ointment in the 5th group
was higher than in the 4th group. An increase in
oxyproline by 40.7 %o was recorded (p<0.02). After
electrophoresis procedures with "Gumipharr:n"
ointment, the content of oxyproline in the knee
joirts of the 6th group increased by 40.6 %
(p<0.02, Fig. 2).

Thus, the conducted experimental study establishecl

the maximum accumulation of glycosaminoglycans
and oxyproline in the knee joints of laboratory rats

after oral administration of "Cumilid AS-10" in
combination with local applicatior-r of "Gutnipharm"
ointment by rubbing or electrophoresis. Given
the known fact of a decrease in the metabolic activity
of chondrocytes and a decrease in the synthesis
ofcollagen and proteoglycans, respectively, in cases

ofarthritis and arthrosis, the results obtained suggest

the therapeutic efficacy of the proposed method
of administering the preparations containing humic
substances. Further studies are needed to confirm this
assumption.

Conclusions. 1. The rnaximum accurnulation
of glycosaminoglycans in the connective tissue

cr1'tlrs krree joint in rats (by 54.1 and 46.7 o/o) was
established with the simultaneous use of oral
and local administration of preparations containing
humic substances.

2. After oral and topical application by
rubbing or electrophoresis of preparations
containing humic substances, the highest content
of oxyproline in the connective tissue of the knee
joint of animals was also recorded. The increase
was 60.6 o/o and 47.5 %.

Prospects for further research. ln the experiment
on laboratoryanimals, the eflbctiveness ot'the combined
method of administration (orally and locally)
of humic substances, and their effbct on the activation
of the accumulation of glycosaminoglycans
and oxyproline in the connective tissue of the knee
joint, has been proven, which allows us to recommend
this techniqLre in the future and opens up the possibility
of further clinical studies on the effectiveness
of'the combined rnethod oladministration of the drugs
in animals and humans.
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