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An assessment of the nature of histochemical and morphological processes in limb stump mus-
cles after various methods of the amputation plasty was given. There were five series of ex-
periments carried out on 55 dogs with the amputation of the hind limb in the middle third of
the thigh. There was fascioplasty, myoplasty with suture of the antagonist muscles performed,
as well as myodesis with the muscle tension of 916—962 uN, 980—-1100 uN, and 650-800 uN.
The obserovation periods consisted of 3 days, 4 weeks, 8 months. The histochemical reactions
for determining of succinate dehydrogenase (SDG), NAD-N-dehydrogenase (NAD-H-DH),
beta-hydroxybutyrate dehydrogenase (B-HBDG) and lactate dehydrogenase (LDG) were
performed on the fresh muscle pieces. The histological examination of the muscles was also
carried out. By the end of the observation period, only single unchanged muscular fibers were
detected by fascio- and myoplasty. Most of them were replaced by the coarse fibrous connec-
tive tissue with fat cells. There was a significant increase in LDG activity (glycolysis) and
growth of SDG (Krebs cycle). The activity of NAD-H-DH was high, and the level of p-HBDG
significantly reduced. By myodesis with the muscle tension of 916—962 uN the degenerative-
dystrophic processes were less significant. There was the decrease in the intensity of the ter-
minal oxidation and oxidation of the ketone bodies observed. The activity of the Krebs cycle
increased, and glycolysis grew up. By muscles tension of 980—1100 uN and 650—-800 uN there
were changes similar to those by fascio- and myoplasty observed.
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Introduction. A lot of works have been devoted to the limb amputations. Recently,
the problems of wound healing prognosis [1, 4], pain syndrome [9, 11, 12], amputation
techniques in various modifications have been intensively studied [5, 7, 8, 10]. Unfor-
tunately, in these works such important issues as bone stump healing, factors affecting
the process of reparative regeneration and stump muscles state were not reflected. We
took into account the fact that unsatisfactory outcomes of bone stump healing were
observed by 97,1 % of the examined patients [2], and the formation of the functional
bone stump occurred only in 10 % of cases [6] during 1—1,5 months after the amputa-
tion. Taking into account such disappointing results, it seemed reasonable to study the
state of the stump muscles after various methods of its plasty in the experiment.

Objective. To assess the nature of the histochemical and morphological processes
in limb stump muscles after various methods of the amputation plasty.

Material and Methods. There were five series of experiments performed on 55 dogs.
Under the intravenous thiopental anesthesia (25 mg per 1 kg of weight) the amputa-
tion of the right hind limb in the middle third was performed.

During the first series there was the fascioplastic closure of the saw-line performed.
During the second series — the antagonist muscles were sewn under the saw-line. Dur-
ing the third, fourth and fifth series — the muscles were fixed to the saw-line through
the drilled holes at its edge, respectively, with the tension of 916-962 pN, 980—1100 pN,
and 650—800 uN. The muscle tone was monitored by the tonomiometer. The observa-
tion periods consisted of 3 days, 4 weeks, 8 months for the I-III series and 8 months
for the IV and V series.

For the histochemical study the pieces of the fresh muscle were used which were
quickly frozen in the petroleum ether, cooled to =75 °C, and placed in the cryostat
where at —18 °C the sections were made with a thickness of 7 pm. To determine the
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peculiarities (active and directional) of the metabolic processes in the muscle fibers on
different stages of the experiment, the histochemical reactions for determining succinate
dehydrogenase (SDG) were established with the help of Nachlas and others method
(1957), NAD-H-dehydrogenase (NAD-H-DG), its total activity was determined by the
same method, beta-hydroxybutyrate dehydrogenase (B-HBDG) and lactate dehydro-
genase (LDG) — by Hess and others method (E. Pierce, 1962) [3]. To determine the
activity of the enzymes, the serial preparations of the skeletal muscles were examined
on the automatic cytospectrophotometer MPV-2 of “Leitz” company (Germany). The
enzyme activity was expressed in absorbance units. The statistical analysis of the mate-
rial was carried out using the standard methods with application package “MS Excel
XP” and “Statistica SPSS 10.0 for Windows” (license number 305147890).

To perform the histological examination, the fragments of the rectus muscle of the
femur stump, of 1 x 1 cm in size, taken 2 cm from the end of the stump, were placed
in the Schaffer fixation mixture (2 parts of ethanol, 1 part of formalin), then dehy-
drated and poured into paraffin. Subsequently, the sections of 7 um thickness were
dewaxed and colored with hematoxylin and eosin.

The experiment was carried out in accordance with the principles of humane treat-
ment of animals set out in the directives of the European Community (86 (609) EEC)
and the Helsinki Declaration on Humane Treatment of Animals.

The Results and their Discussion. The histochemical examination allowed reveal-
ing that all metabolic pathways studied by us were observed in the muscles of the
intact dogs (table 1). At the same time, the most significant were the processes of the
terminal oxidation, which were judged from the activity of NAD-H-DG and oxidation
of the ketone bodies (according to B-HBDG), which are the main substrates of oxida-
tion supplying energy. The second most important supplier of substrates for the ter-
minal oxidation was glycolysis. Attention is drawn to the fact that significantly less
attention was paid to the Krebs cycle in these processes. The data obtained correspond
to the literary ones.

Table 1. Activity of the enzymes in the skeletal muscles fibers of the intact animals (M + m)

Enzyme | Activity, absorbance units
SDG 5,09 £ 0,15
NAD-H-DG 10,86 = 0,21
B-HBDG 12,06 £ 0,18
LDG 8,25 £ 0,26

In 3 days after fascioplasty the edema and proliferation of the endomysial cells, as
well as activation of connective tissue cells were microscopically determined in the
muscles. A large number of muscle fibers had significant degenerative-dystrophic
changes. In the sarcoplasm of many of them, there were large vacuoles found, located
between myofibrils and sarcolemma. There was the substitution of the dead muscle
fibers by the connective tissue. At the same time, in the muscle fibers (table 2) there
was a slight increase in the activity of SDG and B-HBDG and, to a greater extent, of
NAD-H-DG and LDG, which indicated the activation of the terminal oxidation pro-
cesses, glycolysis and oxidation of the ketone bodies.

After 4 weeks all the indicated changes progressed. Especially intensive there was
the formation of the loose connective tissue.

In comparison with the results of the previous observation period, the activity of
NAD-H-DG and LDG decreased in the muscle fibers, as the levels of LDG and p-HBDG
increased. Thus, by the end of the 4" week the intensive development of the young
connective tissue was accompanied by the decrease in the activity of the glycolytic
processes in the muscle tissue. Along with this, the SDG activity was higher than
during the first days after the fascioplasty (see Table 2). After 8 months only single
unchanged muscle fibers were found, and their main mass had signs of deep degen-
erative and necrobiotic disorders. A considerable part of them was already replaced
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by the formed coarse fibrous connective tissue, in which there were quite a great
number of fat cells detected. In some places these cells formed an assembly. There was
a sharp increase in LDG activity and the further increase in the level of SDG. The
activity of NAD-H-DG was still high. At the same time, the B-HBDG level signifi-
cantly reduced.

Table 2. Activity of the enzymes (in absorbance units) in the various types
of the skeletal muscle fibers after fascioplasty (M + m)

Postoperative period

Enzyme 3 days | 4 weeks | 8 months
SDG 5,90 = 0,20 7,64 *024° 8,14 £0,74 "
NAD-H-DG 17,07 = 0,31 13,30 £ 0,34 " 12,47 £ 1,06°
B-HBDG 13,78 = 0,33 17,05 £ 0,43 ° 6,74 + 0,54 " *
LDG 11,98 + 0,18 10,99 £ 0,19 ° 19,90 = 0,77 *

P < 0,05 relative to the indicator on the 3" day after the operation.
*P < 0,05 relative to the indicator on the 4" week after the operation.

By the morphological study of the muscles of the amputation stump in 3 days,
4 weeks and 8 months after myoplasty, there were the structural changes discovered
generally similar to those after fascioplasty.

Some differences were as follows: in the formation of the stump by means of myo-
plasty, the bands of muscle fiber contraction were more clearly defined and in more
quantity, their destruction in the scar tissue was less significant, and there were less
number of fat cells found in the muscle fibers. In three days there was the activation
of NAD-H-DG observed in the muscle fibers in comparison with the conditional stan-
dard. Its level was higher than after carrying out the fascioplasty. Attention was drawn
to the decrease in SDG activity in comparison with both the conventional standard
and the level after the fascioplasty. The activity of B-HBDG did not change. The
level of LDG increased not significantly as after the fascioplasty (table 3).

Table 3. Activity of the enzymes (in absorbance units) in the skeletal muscles fibers
after myoplasty (M = m)

Postoperative period

Enzyme 3 days | 4 weeks | 8 months
SDG 3,09 £ 0,39 4,44 £ 0,31° 13,59 + 0,34 " *
NAD-H-DG 18,42 + 0,45 11,74 + 0,24~ 11,16 £ 1,02 °
B-HBDG 12,21 + 0,33 15,51 £ 0,47~ 8,79 £ 0,77 **
LDG 9,16 + 0,32 8,49 £ 0,41 " 2298 + 0,51

P < 0,05 relative to the indicator on the 3" day after the operation.
*P < 0,05 relative to the indicator on the 4" week after the operation.

In 4 weeks after the myoplasty, the activity of NAD-H-DG significantly reduced
in the muscle fibers in comparison with the previous observation period, and the lev-
el of SDG and B-HBDG increased. After 8 months in the skeletal muscle fibers SDG
(Krebs cycle) and LDG (glycolysis) were sharply activated. The level of NAD-H-DG
decreased somewhat, and B-HBDG activity also tended downward (see table 3).

In 3 days after myodesis with the muscle tension of 916-962 uN there was the
interstitial edema and metachromasy of sarcoplasm of the muscle fibers found. In most
of them, both longitudinal and transverse striations were well identified. In the course
of the individual fibers there were areas of re-contraction, in which the transverse
striation was not visible. In a number of fibers there was the granular degeneration.
In sarcoplasm of a small number of fibers, there were large vacuoles found, located
under the sarcolemma; they were detected also between the myofibrils. The muscle
fibers nuclei had an oval shape; they contained a delicate network of chromatin and
large nucleoli. The activity of the detected enzymes reduced (table 4).
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However, despite of some general decrease in the activity of oxidation-reduction
enzymes by myodesis with muscle tension of 916-962 pN, the leading value in the
metabolism of muscle fibers appeared to belong to the terminal oxidation (the marker
of which was NAD-H-DG), as usual.

Table 4. Activity of the enzymes (in absorbance units) in the skeletal muscle fibers
after myodesis with the muscle tension of 916-962 uN (M = m)

Postoperative period

Enzyme 3 days | 4 weeks | 8 months
SDG 3,98 + 0,24 5,15+0,22° 7,94 £ 0,46 " *#
NAD-H-DG 8,53 £ 0,33 10,43 + 0,35 ° 7,67 +£0,41°%
B-HBDG 7,55 + 0,39 11,56 = 0,66 ° 590 + 0,53
LDG 6,73 = 0,30 9,10 £ 1,25 " 15,32 £ 0,70 **

‘P < 0,05 relative to the indicator on the 3™ day after the operation.
#P < 0,05 relative to the indicator on the 4™ week after the operation.

The main suppliers of substrates for it became oxidation of the ketone bodies and
glycolysis during the decrease of the Krebs cycle role. In 4 weeks after the operation there
were already the muscle fibers with degenerative changes of different degrees of inten-
sity present. As a rule, in the fibers with the significant degenerative-dystrophic changes,
the nuclei occupied an unusually central position. The inflammatory cellular infiltration
was observed in such areas, the signs of activation of the loose connective tissue became
more distinct. Metachromasy of the myoplasm of the individual fibers was still detected.
In many of them, the longitudinal and transverse striations were not detected; there were
areas of re-contraction of the fibers. In comparison with the previous observation period,
there was the increase in the activity of the studied enzymes in all muscle fibers. Despite
of the significant dystrophic changes in myocytes, the activity of the terminal oxidation
enzymes, the Krebs cycle, and oxidation of the ketone bodies approached the initial val-
ues. At the same time, there were signs of increased glycolysis, which gradually became
the main source of the substrates for the terminal oxidation (see table 4).

In 8 months the degenerative changes were no longer detected in most muscle
fibers. There were both longitudinal and transverse striations well seen in them, in the
course of only separate fibers there were still areas of re-contraction. The substitutions
of the muscle fibers by the connective tissue were almost not observed. Nevertheless,
there was the decrease in the intensity of the terminal oxidation and oxidation of the
ketone bodies, but the activity of the Krebs cycle and, in particular, glycolysis increased
(see table 4). In 8 months after myodesis with the tension of 980—1100 uN, there were
the signs of albuminous degeneration in many fibers, as well as areas of destruction
with their replacement by the connective tissue. There was the significant edema and
proliferation of endomysium. The activity of SDG and LDG was lower and the level
of NAD-H-DG and B-HBDG was significantly higher than after myodesis with the
tension of 916-962 uN in the same period (table 5).

Table 5. Activity of the enzymes (in absorbance units) in the skeletal muscle fibers in 8
Months after myodesis with the different muscle tension (M *+ m)

Muscle tension, uN

Enzyme
980-1100 | 650800
SDG 6,70 £ 0,16 5,15+ 0,17
NAD-H-DG 15,03 £ 0,45 21,21 £ 0,45 "
B-HBDG 16,16 = 0,23 21,68 £0,31°
LDG 9,75 £ 0,24 13,10 £ 0,24 °

‘P < 0.05 relative to the indicator by muscle tension of 980—1100 uN.

In 8 months after myodesis with the tension of 650-800 uN, in addition to the
described changes, there were a large number of fat cells observed, which in some
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places formed the extensive assemblies. Many muscle fibers had the signs of dege-
neration, but there were less of them than in the experiments with the muscle tension
of 980—1100 uN. The activity of NAD-H-DG, B-HBDG and LDG was significantly
less, and the level of SDG was lower than in the previous experiments with the use of
myodesis (see table 5).

Conclusions. 1. The study of the morphofunctional processes in the stump muscles
revealed their direct dependence on the essentials and nature of the plastic measures
during amputation. The most significant degenerative-dystrophic changes occurred
after fascioplastic amputation, when the muscle was losing one of the attachment points
and there was the dysfunction occurred. 2. After the myoplastic amputation with su-
ture of the antagonistic muscles, the degree of intensity of the degenerative-dystrophic
processes was less and was explained by the chronic super-tension due to the influence
of the antagonistic muscles on each other. 3. The least significant changes occurred by
the myodesis with the muscle tension of 916-962 uN. 4. The excessive muscle tension
caused changes in them, similar to those by the myoplasty. The insufficient tension
led to the processes similar to fascioplasty.
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OYHKIITOHAJTBHUN TA MOP®OJIOTTYHUN CTAH M’SI31B AMITYTAIIIMHOT KYKCU
HICJS PIBHUX CITOCOBIB If TIJIACTUKU

B. I. lllesuyx, IO. O. beacmepmuuii, C. B. Illesuyxk, I. B. beacmepmnua,
K. II. Ilocmosimenxo (Binuuis)

Hagezneno otinky xapakrepy ricToXiMiunux Ta MOP(OJIOTiYHUX TPOIECIB Y M's13aX KYKCHU KiH-
LIBKYU T1icJst pisHUX crocobiB aMmmyTaniiHol miactuku. [IpoBeaeHo m'saTh cepiii gociiais Ha 55 co-
6akax 3 aMIyTalli€ro 3aHbOI KIHIIBKM Ha PiBHI cepesHbol TpeTuHU crerHa. BukonaHo daciio- i
MIOTIJTACTUKY i3 3MMBAHHSIM M SI31B aHTaroHicTiB, Mioje3 3 HatsroM M'sa3iB 916-962 mxH, 980—
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1100 mxH i 650—-800 mxH. Tepminu criocrepeskeHHst — 3 jiHi, 4 Tk, 8 mic. Ha mmMaToukax CBisKUX
M’s13iB BUKOHYBAJIU TiCTOXIMiuHI peakiiii 3 BusHaueHHsiM cykiuHataerigporenasu (C/AI), HAA-H-
nerigporenasu (HA-H-/T), 6era-okcubytuparneriaporetasu (B-OB/II) ta sakrarmeriaporeHasu
(JIAT). BuxonyBasiu ricrosoriune gociipkeHHs M s13iB. BeTanoBiieno, 1110 HAPUKIHIN TEPMiHY CIIO-
crepekeHHs pu (hacilio- i MiOIIACTUII BUSIBJISIIN JIUIIIE TOOJAMHOKI He3MiHeHi M's130Bi BoJiokHa. Bisb-
iicTh ix OyJia 3amiiieHa rpybor0 BOJOKHUCTOK CIIOJYYHOK TKAHUHOW 3 KUPOBUMU KiiTuHamu. Crio-
crepiranu piske 36inpmenns akrusnocti JIT (raikonis) ta migsumenna CAT (ukn Kpebea). Takox
Bucokoro Oyna aktusHicts HAJ[-H-/IT Ha ¢oni icrotHoro suuskenns pishst B-OB/IL. IIpu miozesi 3
HarsroM M'si3iB 916-962 MxH nereneparusro-aucTpodiuti mpoiecu OyJim MeHI BUpaxeHuMu. Bi-
MiYaJIi 3HIKEHHST IHTEHCUBHOCTI TEPMiHAJILHOTO OKUCJIEHHSI Ta OKUCJIEHHS] KETOHOBUX TiJL. 36iJbIry-
Basiach akTUBHICTH (pepmenTiB mkiry Kpebea, migsuiiysases rikosis. [Tpu Hatary m’szis 980—1100 mxH
i 650—-800 mxH criocrepiraiu 3minu, nogiGHi TakuM, SIK i ipu Gaciio- Ta MiOIIACTHUILL.

KaouoBi caosa: ammyraiisi, daciioniacTuka, MiomjiacTuka, Miones, M'si3U, TiCTOXiMisd,
TiCTOJIOTIS.

OYHKIIMOHAJIBHOE I MOPOOJIOTUYECKOE COCTOAHNE MDIIII]
AMIIYTAIIMOHHOM KYJBIU ITOCJE PA3JIMYHBIX CIIOCOBOB EF MJIACTUKN

B. U. llleguyx, I0. A. beccmepmuuwiii, C. B. lllesuyx, I'. B. beccuepmuas,
K. II. Ilocmosumenxo (Bunnuia)

IIpuBesieHa orleHKa XapaKkTepa r’HCTOXUMUYECKIX U MOP(MOIOTHUECKHX TTPOIIECCOB B MBITIIIAX KYJIb-
TH KOHEYHOCTHU MOCJIE PA3JIMYHBIX CIIOCOOOB aMITy TAIIMOHHOMU TIJIACTUKHU. BBITIOJHEHDI ISITh CEPUIA OTIbI-
TOB Ha 55 cobakax ¢ aMIyTarueil 3ajiHeil KOHeYHOCTH B cpefHeil Tpetu Gexpa. [IpoBoauim dacumo- u
MHUOTIJIACTHKY CO CITMBAHUEM aHTArOHWICTOB, MUO7Ie3 ¢ HaTsskeHueM MbImit 916—-962 mxH, 980—-1100 mxH
u 650-800 mxH. Cpoku Habsmonenus: — 3 nus, 4 Hex, 8 Mec. Ha kycoukax cBeKeil MbILIIBI CTABUIN
rucroxuMudeckue peakinn Ha cykiuHaraeruaporenasdy (CAD), HA/l-H—-nerunporenazy (HA/l-H-/IT),
6era-oxcubyTuparaernaporenasy (B-OB/IT) u makraraernaporerasy (JIJT). [IpoBoauin rucToIorn-
4eCKOe UCCIe/I0BaHUE MBI BhISIBJIEHO, UTO K KOHILY CPOKa HAGTIOACHNS MPHU (HACIINO- U MUOIIACTH-
Ke OOHaPYy’KEeHbI JIUIIb ¢IMHUYHbIC HEM3MEHECHHbIE MBIIIEUHbIE BOJOKHA. BOJIBIINHCTBO UX ObLIO 3a-
MeHEHO rpyGoil BOJOKHUCTOI COEIMHUTENBHON TKAHBIO € KUPOBbIMU KieTKamMu., OTMeUaioch peskoe
yseanuenue akrusHocty JIJIT (ramkonns) u nossimenre C/AT (1uka Kpebea). Boicokoil Gbiia akTHB-
noctb HAJ[-H-/IT; a yposens B-OB/II cymectBenno cumkamncs. [lpu Muonese ¢ HaTsReHMEM MBITIIT
916-962 mxH mereHepaTuBHO-AUCTPOGUYECKIE TPOIECCH OBLIN 3HAYUTEIBHO MeHee BbipaskeHbl. OT-
MEYAJIOCh CHUKEHUE WHTCHCUBHOCTU TEPMUHAIBHOTO OKUCJICHUS M OKUCJIEHUS KETOHOBBIX TeJl. YBe-
JIMYUBAJIACh aKTUBHOCTD TMKaa Kpebea, mospiascs rankonus. [Tpu natsokernn Mpim 980—1100 mxH
n 650-800 MmxH Habmomamn n3MEHEHNs, aHATOTHYHbBIE TAKOBBIM MPH (HACIHO- U MUOILITACTHKE.

KiroueBble cinoBa: amiyTanus, (hacinoniacTuka, MUOTJIACTUKA, MUOJI€3, MBIIIIIbI, THCTOXUMHUS,
TUCTOJIOTU .
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