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Авзтраст

ТНе оЬ]ЄСІІУє ої ІИе зіисіу дааз со еуаіиаіе сКе сіу- 
патісз о£геогдапігасіоп о£соппесііуе сіззие, аИозсег- 
опе апсі "Іисозе ієуєі аз шагкегз о£ ІауогаЬІе соигзе о£ 
тиісісішд-гезізсапс риїтопагу сиЬегсиїозіз.
Маїегіаіз апсі теІНосІЗ. ТЬе зіисіу сеаз регіогтесі 
оп 84 раїіепсз шііЬ £ігзс1у сііаяпозесі тикісіги^-гезізі- 
апс риїтопагу сиЬегсиїозіз. АИозіегопе, £гее апсі 
ргосеіп-ЬоипсІ Ьусігохургоііпе апс! §1исозе ієуєіз суєгє 
теазигесі іп аіі раїіепсз.
РезиІІз. її суаз Іоипсі сЬаі іп §гоир І раїіепсз, £гее 
Ьусігохургоііпе ієуєіз аге 1о\уег скап іп §гоир II сіигіпя 
іЬе £ігзі пуо топсЬз о і сгеастепі іог 60% ас СгеаС- 
теп і опзеї апсі Іог 29.4% аііег 2 топсЬз о£ сгеастепі. 
ТЬеге \уаз ап іпстеазе іп сЬіз іпсіех скігіп§ сНе £ігзс 2 
топсЬз о£ сгеастепі іп ЬосЬ «ширз. Ргосеіп-ЬоипсІ

Резііме

Ьа сіупап^ие сій піуеаи сіє 1’аІсІозіегопе, сіє 1а геог- 
«апізасіоп сій сіззи соп]опсіі£ ес <1и іаих сіє ^Іисозе 
с о т т е  тагдиеигз сіє Ге££ісасііе (їй СгаііетепС сіє 1а 
іиЬегсиїозе

0Ь|ЄсШ. Е’еіисіе уізаіс а еуаіиег 1а сіупаспіцие сіє 1а 
геог§апізасіоп сій сіззи соп)опсіі£, Іез саих сГакІозіе- 
гопе еС сіє £Іисозе еп сапс ^ие тащиеигз сіє І’еуоіисіоп 
ІауогаЬІе сіє 1а СиЬегсиїозе риїтопаіге тиісігезізіапсе. 
Маїегіеіз е і теІЬосІез. Е’еіисіе а есе геаіізее зчг 
84 раїіепсз ассеіпіз сіє тЬегсиїозе риїтопаіге тиі- 
сігезізсапсе <4іа§позСіяиее роиг Іа ргетіеге £оіз. Ьез 
саих сГакІозіегопе, Ь ’ЬусІгохургоІіпе ес сіє §1исозе 
ІіЬгез ес Ііез аих ргоіеіпез опс есе тезигез сЬег соиз 
Іез раїіепсз.
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А гсіііуєз  ої СНе Ваїкап МесІісаІ ІІпіоп

Ьусігохургоііпе Ієуєі \уаз ЬшЬег іп §гоир І Ьу 21.7%. 
ТЬе ієуєі о і аИозсегопе ас сЬе сгеастепс оп$ес \уаз 
аітозс ісіепсісаі іп ЬосЬ цгоирз. Аісег 2 топсЬз оі 
сгеастепс, іся ієуєі сіесгеазесі іп ЬосЬ «гоирз. Н осуєуєг, 
аісег 2 топсЬз о і сгеастепс іп дгопр І, ісз іпсіех шаз 
Іотуєг сЬап іп §гоир II Ьу 12.7%.
Сопсіигіопз. Оиг гезиісз зсі«§е8С сЬас расіепсз %'ІСІ1 
а ГауогаЬІе соигзе о і т  и 1 с і сі г и я-г е з і з с а п с сиЬегсиІозіз 
Кауе тоге ргопоппсесі сіесгеазе іп аісіозсегопе ієуєі, 
суЬісЬ тау асе аз а рго'іпііаттасогу а§епс апсі ігее 
Ьусігохургоііпе, суЬ ісЬ із а тагкег іог сЬе сІезСшсСіоп 
о і соппесСіуе сіззсіе. Іпуєгзє соггеіасіоп Ьетееп  рго- 
Сеіп-Ьоипсі Ьусігохургоііпе апсі «Іисояе Іеуеіз сопііте 
СІїе ітрогСапсе о і погтаї ^іисозе сопсепсгасіоп іог 
гераіг ргосезз.

Кеуууогсіз: тиісісіти§-гезІ5Сапс сиЬегсиІозіз, ціисозе 
ієуєі, аНозсегопе, ргосеіп-ЬоипсІ Ьусігохургоііпе, ігее 
Ьусігохургоііпе.

АЬЬгеуіаііопз Іізі
РНР -  ігее Кусігохургоііпе
Н ІУ  -  Нитап Іттипосіеіісіепсу Уігиз
НР - Ьусігохургоііпе
ІР -  іпсепзіуе рЬазе
МТВ -  МусоЬасІегіит ХиЬегсиїот 

М ІЖ ТВ  - Миісісіпіо-гезізгапг сиЬегсиІозіз 
РВНР - ргосеіп-ЬоипсІ Ьусігохургоііпе 
ТВ - сиЬегсиІозіз 
ТНР -  сосаі Ьусігохургоііпе

ІМТВСЮІІСТКМ

ТиЬегсиїозіз із ап ітрогсапс саизе оі сІеасЬ 
Ьесаизе о і іпіессіоиз сіізеазез1. Іп сЬе Іазс сіесасіе, 
сЬе іпсгеазе оі сЬе питЬег о і расіепсз суісЬ сіги§--ге- 
зізсапс сиЬегсиІозіз гаізесі рагсісиїаг сопсегпз. 
Миісісігид-гезізсапс сиЬегсиІозіз (МОК ТВ) сакез а 
зресіаі ріасе іп сЬе зСгисСиге о і гезізсапс іогтз оі 
СиЬегсиІозіз, шЬеп М. СиЬегсиІозіз (МТВ) із гезізсапс 
со ас Іеазс т о  апсітісгоЬіаІ а§епсз о і сЬе іігзс Ііпе, 
патеїу ізопіагісі апсі гііатріп2. 8исЬ расіепсз гедиіге 
Іопя-сегт сгеастепс \уісЬ сЬе изе оі зесопсі ііпе сігиуз 
(атіпо^іусозісіез, 4сЬ яепегасіоп ікюгосрипоіопез 
апсі осЬегз). ііосуєуєг, сЬе еііессіуепезз о і сгеастепс 
іп расіепсз \уісЬ МОК ТВ гетаіпз 1о\у3.

Ітргоуіпя сЬе сгеастепс еііессіуепезз о і сЬезе 
расіепсз із опе о і сЬе ітрогсапс іассогз іп сЬе іі§Ьс 
а§аіпзс сЬіз расЬоіо§у, аз іс Ьеірз со гесіисе сЬе пип> 
Ьег о і іпсііуісіиаіз іп сЬе рориіасіоп \уЬ о сап Ье 
зоигсез оі іигсіїег зргеасі о і сЬе сіізеазе4.

ТЬе сгісегіа іог єіієссіує сгеастепс о і расіепсз 
\уісЬ МОК ТВ іпсіисіе сЬе сеззаСіоп оі ЬасСегіаі ехсге- 
сіоп апсі сЬе Ьеаііпя оіриїтопагу сауісіез5. Носуєуєг,

РезиІІаіз. II а есе сопзсасе сціе, сЬег Іез расіепсз сій 
§гоире І, іез саих сі’Кусігохургоііпе ІіЬге есаіепс іпіе- 
гіеигз а сеих сій §гоире II репііапс іез сіеих ргетіегз 
тоіз сіє сгаісетепс роиг 60% аи сіеїшс сій сгаісетепс 
ес роиг 29,4% аргез 2 то із сіє сгаісетепс. II у ауаіс 
ипе аи§тепсасіоп сіє сес іпсіісе аи соигз сіез 2 рге- 
тіегз то із сіє сгаісетепс сіапз Іез сіеих угоирез. Те 
саих сГЬусігохургоІіпе Ііее аих ргосеіпез есаіс ріиз 
єієує сіапз 1е §гоире І сіє 21,7%. Ье піуеаи сГаМоз- 
сегопе аи сгаісетепс есаіс р^ез^ие ісіепскіие сіапз Іез 
сіеих §гоирез. Аргез 2 то із сіє сгаісетепс, зоп піуеаи 
а сіітіпие сіапз іез сіеих §гоирез. Серепсіапс, аргез 2 
тоіз сіє сгаісетепс сіапз 1е §гоире І, зоп іпсіісе есаіс 
іпіегіеиг сіє 12,7% а сеіиі сій §гоире II.
Сопсіизіоп. N 03 гезиісасз зия®егепс ^ие іез расіепсз 
ргезепсапс ипе еуоіисіоп іауогаЬіе сіє 1а СиЬегсиіозе 
тиісігезізсапсе ргезепсепс ипе сіітіписіоп ріиз рго- 
попсее сіез саих сГаМозсегопе, се циі рейс а§іг еп сапс 
с]и’а§епС рго-іпііаттасоіге ес еп Ьусігохургоііпе ІіЬге, 
тагциеиг сіє 1а сіезсгиссіоп сій Сіззи соп)опсСіі. Ьа соп 
геіасіоп іпуегзее епсге іез піуеасіх сГЬусігохургоІіпе ес 
сіє яіисозе ііез аих ргосеіпез сопіігте Гітрогсапсе 
сГипе сопсепсгасіоп еп уіисозе погтаіе роиг 1е рго- 
сеззиз сіє герагасіоп.
Моіз-сіез: СиЬегсиіозе тиісігезізсапсе, саих сіє §1и-
созе, аНозсегопе, Ьусігохургоііпе Ііее аих ргосеіпез, 
Ьусігохургоііпе ІіЬге.

тапу расіепсз сотріесе сЬеіг сгеастепс суісЬ 1аг£е 
гезісіиаі сЬап§ез іп сЬе 1ип£5, суЬ ісЬ сап зєгує аз 
а зоигсе о і сиЬегсиІозіз гесиггепсе. ТЬегеіоге, сЬе 
зсисіу о і сЬе ргосеззез о і сіезсгиссіоп апсі зиЬзециепс 
геогуапігясіоп о і сЬе 1ип§ сіззие іп расіепсз шісЬ 
МОК ТВ із геїеуапс.

Іс із кпошп сЬас сЬе іогтаСіоп о і сауісіез із аззо- 
сіасесі \уісіі сЬе сіезсгиссіоп о і сЬе ехсгасеііиіаг тасгіх 
апсі соїіаоеп ііЬегз, суЬісЬ епзиге сЬе іпсе^гісу о і сЬе 
1ип§ сіззие6. Опе о і сЬе сіезсгиссіоп ргосіиссз о і сої- 
1а§еп ііЬегз із Ьусігохургоііпе (НР) апсі ісз ігассіопз. 
Ргее Ьусігохургоііпе (РНР) із сопзісіегесі а тагкег оі 
соппессіуе сіззие сіезсгиссіоп, апсі ргоСеіп-Ьоипсі Ьу- 
сігохургоііпе (РВНР) із сопзісіегесі а гераіг тагкег7'8. 
ТЬе зсисіу оі сЬе со11а§еп сіеягасіасіоп ргосіиссз Ієуєіз 
із геїеуапс, зіпсе сЬе сіезсгиссіоп оі 1ип§ сіззие \уісЬ 
сЬе знЬзесріепс іогтаСіоп оі ііЬгосіс сЬап§ез із опе оі 
сЬе та іп  расЬотогрЬоіо§іса1 єуєпсз іп сиЬегсиІозіз.

ТЬе зсасе о і сагЬоЬусЬасе тесаЬоіізт Ьаз а зі§- 
пііісапс еііесс оп сЬе сіезсгиссіуе сЬапоез ргоугез- 
зіоп, зіпсе сЬе ргезепсе о і сііаЬесез теїіісиз зі§пі(і- 
сапсіу сотріісаСез сЬе соигзе о іТ В  апсі даогзепз сЬе 
Ьеаііп§ о і сіезсгиссіуе сЬап§ез. ТЬиз, топісогіпд оі
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the carbohydrate metabolism state in patients with 
pulmonary MDR TB allows early prediction o f the 
delayed mechanism of connective tissue reorganiza­
tion.

Recently, close attention has been paid to the 
study of aldosterone, which can act as a fibrosis fac­
tor9. It is known that aldosterone acts as a pro-in­
flammatory agent. However, its role in the processes 
of fibrosis in tuberculosis patients is not well un­
derstood10'11. Mainly, the role of aldosterone in the 
tuberculous process as the main mineralocorticoid 
hormone was studied1244.

T he AIM of THE STUDY (prospective cohort) was to 
evaluate the dynamics o f reorganization o f connec­
tive tissue, aldosterone and glucose level as markers 
of favorable course o f multidrug-resistant pulmonary 
tuberculosis.

M aterials and m e t h o d s

The study was performed on 84 patients aged 
18-55 years, 50 men (59.5%) and 34 women (40.5%), 
new cases o f pulmonary MDR TB. Patients were 
treated in Kharkiv Regional TB Dispensary No. 1, 
Ukraine, from 2014 to 2016, and at the time of the 
study they completed the main course of chemother­
apy with anti-TB drugs, according to the order of the 
Ministry of Health of Ukraine No. 620 of 14-09.2014. 
Patients with comorbidities (HIV, cardiovascular dis­
ease, chronic obstructive pulmonary disease) were 
excluded from the study. Informed consent was ob­
tained from all the patients included in the study. 
A ll patients had bacterial excretion and lung tissue 
destruction.

Treatment ot patients with pulmonary MDR 
TB requires at least 8 months of the intensive phase 
(IP) o f chemotherapy with anti-TB drugs. During this 
time, patients were monitored for treatment efficacy: 
a monthly sputum test to identify MTB, and an X-ray 
examination 4 and 8 months after the onset of an­
ti-TB therapy. Depending on the results of the moni­
toring, the patients were divided into groups: Group
I (n = 40) included patients in whom the cavities were 
closed and the bacterial excretion was stopped after 8 
months of treatment - favorable course of TB; Group
II (n = 44) included patients with destructions and/ 
or bacterial excretion after 8 months of treatment - 
unfavorable course of TB.

Plasma glucose levels, total hydroxyproline 
(THP), FHP, PBHP and aldosterone levels were stud­
ied in all patients at the beginning of treatment, and 
at 2 and 3 months after the treatment onset. THP 
and its fractions (mg/L) were studied by Sharayev15. 
The aldosterone levels were tested by ELISA

using standard Direct ELISA Kit,the EiAsyTM Way 
ALDOSTERON systems on a Labline-90 analyzer, ac­
cording to the instructions.

Statistical processing of the obtained results was 
carried out by analyzing the contingency tables using 
the Statistics BasicAcademic 13 for Windows software 
package (LicenseNumber: 139-956-866). We used the 
median (Me) interquartile range (Lower - lower quar- 
tile, Upper -  upper quartile) and sample size (min - 
minimum, max - maximum value). The difference 
between groups was determined by non-parametric 
statistics using the Mann-Whitney criteria. To study 
the independent variables, we used the non-paramet- 
ric Kruskal-Wallis criteria. The correlation Spearman 
coefficient R was calculated to find functional rela­
tionships between the parameters, with statistical 
significance at p <0.05.

The study was performed according to the re­
quirements for researches with the participation of 
patients: Statute o f the Ukrainian Association for 
Bioethics and the GCP norms (1992), requirements 
and norms o t ICH GLP (2002), typical ethics provi­
sions of the Ministry of Public Health of Ukraine 66 
dated February 13, 2006.

R esults

The study of the dynamics of collagen degrada­
tion product levels showed that patients with MBR 
TB at the beginning o f treatment, 2 and 3 months
aicei Li’ic tiuu.rneiH crus-ex had uitt n i r ,  r o l  a  

tors presented in the Table 1.
During all monitoring periods, the patients had 

higher FHP levels. By the second month of treat­
ment, the level of FHP increased by 7.2%, while the 
PBHP decreased by 6.2%. After 3 months ot treat­
ment, the level of FHP decreased by 10.2% compared 
with its level at the beginning o f treatment and by 
18.2% compared with the previous month. The level 
of PBHP increased by 8.2% after 3 months of treat­
ment compared with its level at the start of treatment 
and by 13.9% compared with the previous month.

The levels of aldosterone in patients with MDR 
TB at the beginning o f treatment, after 2 and 3 
months from the start of treatment, are presented 
in Table 2.

When comparing groups with favorable and 
unfavorable tuberculosis, it was found that the level 
of aldosterone was almost the same at the beginning 
of treatment. However, after 2 months of treatment, 
it decreased by 33.4% in Group I and by 25.3% in 
Group II, and its level in Group 1 was lower by 12.7% 
than in Group II (p<0.05) (Fig. 1).

The level o f FHP was lower by 60% in patients 
from Group I at the beginning o f treatment, and by
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Table 1. Dynamics of parameters of connective tissue reorganization markers in
MDR TB (p <0.05)

patients with pulmonary

P aram e te r, u n i ts ,  t im e G r o u p  (n= 84) m e a n m e d ia n m in m a x low er u p p e r S tn .d e v

FH P, m g /L , t r e a tm e n t  o n s e t M D R  T B 0 .9 9 0 .97 0 .45 1.95 0.61 1.30 0 .439

FH P, m g /L ,  2 m o n th s M D R  T B 1.12 1.04 0 .65 1.95 0 .67 1.63 0 .438

FH P, m g /L ,  3 m o n th s M D R  T B 0 .8 8 0 .8 8 0 .79 0.97 0 .79 0 .97 0 .0 9 6

PBH P, m g /L ,  t r e a tm e n t  o n s e t M D R  T B 2.41 2 .25 0 .97 5 .26 1.37 2 .98 1.174

PBH P, m g /L ,  2 m o n th s M D R  T B 2 .0 8 2.11 0 .85 4.21 1.45 2 .5 0 .8 5 4

PBH P, m g /L ,  3 m o n th s M D R  T B 2.45 2.45 1.85 3 .05 1.85 3 .05 0 .641

Table 2. Dynamics of aldosterone in patients with pulmonary MDR TB (p <0.05)

P a ra m e te r, u n i ts ,  t im e G r o u p  (n=84) m ean m e d ia n m in m a x low er u p p e r
S tn .
dev.

A ld o s te ro n e , m g /L ,  t r e a tm e n t  o n s e t M D R  T B 9 3 .6 6 5 91.11 27.81 2 62 .16 47 .64 110.8 55.9

A ld o s te ro n e , m g /L ,  2 m o n th s M D R  T B 65.716 61.41 39 .29 101.46 57.99 6 8 .5 16.4

A ld o s te ro n e , m g /L ,  3 m o n th s M D R  T B 5 9 .8 6 5 59.87 57.91 61 .82 57.91 61.8 2.1

■ Treatment onset 

a 2 months

■"-significantly when com paring the two groups (p<0,05)
Figure 1. The dynam ics o f  aldosterone (pg/m L) in patients w ith different outcomes o f  pulm onary M D R  T B  treatment.

29.4% after 2 months of treatment. The dynamics of 
its growth in Group I was 59.2%, and in Group II it 
was 28.9% (P<0.05) (Fig. 2).

The level of PBHP in patients from Group II 
was higher than in Group II by 21.7%, and after 2 
months of treatment it was 55.5% lower (p <0.05). In 
two months o f treatment, it decreased by 46.2% in 
Group I, and slightly increased (by 6.9%) in Group 
II (p<0.05) (Fig. 3).

We performed a correlation analysis between col­
lagen degradation products, aldosterone, and blood 
glucose levels. A t the beginning of the treatment, a

strong inverse correlation was found between glucose 
level and PBHP (r = -  0.86, p<0.05). After 2 months 
of treatment, a strong inverse correlation was found 
between aldosterone and PBHP (r = -0.83, p <0.05) 
and the inverse correlation of average strength be­
tween aldosterone and FHP (r = -0.56, p <0.05).

D iscussion

The amino acid oxyproline is the product of the 
hydrolysis of collagen and gelatin. It is a heterocyclic 
amino acid that is part o f gelatin (13%), as well as
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* -s ig n ifica n tly  w hen com paring the tw o groups (p < 0 ,0 5 ) 
Figure 2. Th e  dynam ics o f  free hydroxypro line  (nig/L) 

in  patients w ith  different outcomes o f  pulm onary M D R  T B  treatment

^ -s ig n ific a n tly  w hen com paring the tw o groups (p < 0 ,0 5 ) 
F ig u re  3. Th e  dynam ics o f  protein-bound hydroxypro line  (mg/L) 

in patients w ith different outcomes o f  pulm onary M D R  T B  treatment.

collagen. Hydroxyproline is the main marker that al­
lows to describe the processes of collagen catabolism 
in the body. When collagen and gelatin are destroyed, 
hydroxyproline is released into the bloodstream both 
as a free oligopeptide and in polypeptide form, since 
it cannot be reused for the synthesis of collagen and 
gelatin. Therefore, a significant part of endogenous 
hydroxyproline, which is found in biological fluids,

is the product of the destruction of various forms of 
collagen and gelatin. The normal concentration of 
hydroxyproline (in healthy individuals) in blood se­
rum is 12.68 pmol/L, in urine it is 172.5 mol/L15. 
Hydroxyproline is almost exclusively found in col­
lagen and gelatin, so its concentration in the blood 
and urine indicates the intensity of the destruction 
of these structures16. In disorders of the metabolism
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of connective tissue, the level of its free fraction in­
creases and the level of the protein-bound fraction 
decreases17. It is believed that free hydroxyproline is 
a marker of connective tissue destruction, and the 
protein-hound hydroxyproline is a marker of repair18.

A  constant level o f FHP and the increase in 
PBHP by the third month of treatment may indicate 
a continuing destruction of pulmonary tissue and a 
slow activation of repairing processes.

Aldosterone can enhance the synthesis and accu­
mulation of collagen type I and III. In an experiment 
on rats, it was found that aldosterone participates in 
the damage of alveoli capillary membrane. A  number 
of studies indicate that individual pulmonary cells 
have receptors to aldosterone, which indicates its par­
ticipation in the active transport of sodium through 
the alveoli capillary membrane. Elevated levels of 
aldosterone stimulate the growth o f smooth muscle 
cells, fibroblasts and contribute to the development 
of fibrosis in the lungs. The synthesis of collagen in 
the pulmonary tissue is controlled by the state of the 
extracellular matrix. There is evidence that aldoster­
one can increase the degradation of the extracellular 
matrix through the activation of matrix metallopro- 
teinases, some of which are destroyers of the extracel­
lular matrix19.

Also, all patients had a decrease in the level of al­
dosterone in all periods of the study. It is known that 
aldosterone can act as a proinflammatory agent, and 
its higher levels indicate a slower decline in the in­
flammatory response11. A  reduced level of aldosterone 
indicates the effectiveness o f anti-TB therapy and the 
decline of inflammatory processes during treatment.

Significant difference between the studied pa­
rameters in the groups with favorable and unfavora­
ble course of tuberculosis was detected only in the 
first and second months of treatment.

A  more rapid decrease in the level o f aldoster­
one was found in patients with a favorable course of 
tuberculosis, which may indicate a more intense in­
hibition of inflammation in this group of patients. 
This allows us to consider aldosterone as a prognostic 
marker of effective treatment.

In both groups, there was an increase in the level 
of FHP, which indicates the continuing processes of 
the pulmonary tissue destruction during the first 2 
months of treatment. However, the level of this pa­
rameter was significantly lower in Group I than in 
Group II, which may indicate a predominance of de­
struction processes over repair processes in patients 
with ineffective treatment of MDR TB.

In the group with a favorable course of tuber­
culosis, there was a decrease in PBHP, while in the 
group with an unfavorable course there was a mild 
increase of its level. Such dynamics may indicate

an earlier onset of reparative changes in pulmonary 
tissue, but a decrease in this parameter indicates a 
limitation of the healing mechanisms in pulmonary 
tissue. The rate o f PBHP in Group II was lower than 
in group I at the beginning of treatment. In dynam­
ics, the level o f this parameter in Group II changed 
little. This may indicate weakness o f the repairing 
mechanisms in patients from this group6.

The decrease in aldosterone and blood glucose 
levels was accompanied by an increase in parameters 
characterizing the healing processes in pulmonary tis­
sue, mainly due to the level of PBHP. The obtained 
inverse strong correlation between the levels of PBHP 
responsible for the repair of connective tissue and glu­
cose is confirmed by literature data20. In other words, 
in patients with elevated glucose levels, inhibition of 
repairing processes in pulmonary tissue is observed.

C onclusions

Our results suggest that patients with a favora­
ble course of multidrug-resistant tuberculosis have 
more pronounced decrease in aldosterone level, 
which may act as a pro-inflammatory agent and free 
hydroxyproline, which is a marker for the destruction 
of connective tissue. The presence of inverse correla­
tion links between aldosterone and hydroxyproline 
fractions also may indicate a link between higher 
levels of aldosterone and processes of destruction of 
lung tissue. Reducing level of aldosterone leads to a 
predominance of the healing process over the pro­
cesses of degradation. T his is indicated by a stronger 
inverse correlation between the level of aldosterone 
and protein-bound hydroxyproline which is consid­
ered a marker of connective tissue repair. The strong 
inverse correlation between the level of glucose and 
protein-bound hydroxyproline protein-bound gives 
evidence of a decrease in repair processes in patients 
with elevated glucose levels. The obtained data allow 
us to recommend the study of indicators of connec­
tive tissue reorganization and aldosterone in dynam­
ics, as early markers o f effective treatment of multid­
rug-resistant pulmonary tuberculosis.
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