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Èçîáðåòåíèå îòíîñèòñ  ê îáëàñòè ìåäèöèíû, â

÷àñòíîñòè ê êàðäèîëîãèè, è ìîæåò áûòü
èñïîëüçîâàíî äë  ïðîãíîçèðîâàíè  òå÷åíè 
àðòåðèàëüíîé ãèïåðòåíçèè (ÀÃ). Ñóùíîñòü ñïîñîáà:
ãîòîâ ò ñóñïåíçèþ ýðèòðîöèòîâ â áóôåðíîì

ðàñòâîðå è ìåòîäîì 31Ð-ßÌÐ îïðåäåë þò
ñîäåðæàíèå àäåíîçèíòðèôîñôàòà (ÀÒÔ) è 2,3-
äèôîñôîãëèöåðàòà (ÄÔÃ) ýðèòðîöèòîâ â
îòíîñèòåëüíûõ åäèíèöàõ. Â çàâèñèìîñòè îò

âîçðàñòà æåíùèí ïî ïðîãíîñòè÷åñêèì òàáëèöàì
îïðåäåë þò ïðîöåíò ðèñêà óò æåëåíè  òå÷åíè 
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Èñïîëüçîâàíèå ñïîñîáà äàåò âîçìîæíîñòü
ðåãèñòðèðîâàòü áèîõèìè÷åñêèå ïàðàìåòðû
ýíåðãåòè÷åñêîãî ìåòàáîëèçìà ýðèòðîöèòîâ, ÷òî
ïðèâîäèò ê âåðèôèêàöèè ìåäèöèíñêîãî ïðîãíîçà.
Òàêæå ñïîñîá ïîçâîë åò îïðåäåëèòü ïðîöåíò ðèñêà
óò æåëåíè  òå÷åíè  ýññåíöèàëüíîé ÀÃ ó æåíùèí â
áëèæàéøèå 5 ëåò. 1 òàáë., 1 èë.

(56) (ïðîäîëæåíèå):
äàâëåíè  êðîâè? Ñåìèëåòíèé ñðîê èçó÷åíè . Acta. cardiol. 1997, 52, ¹2, ñ.202-204. Íàéäåíî èç ÁÄ
VINITI.RU [íàéäåíî 01.11.2006]. [îí-ëàéí]. OUWERKERK R. et al. Distribution of phosphorylated
metabolites and magnesium in the red cells of a patient with hyperactive pymvate kinase. Blood. 1988,
Oct; 72 (4), ð.1224-1229. Íàéäåíî èç ÁÄ PubMed, PMID 3167205. Íàéäåíî 01.11.2006. [îí-ëàéí].
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(54) WAY OF RISK ESTIMATION WITHIN PROGRESSING WOMAN ARTERIAL HYPERTENSIA

(57) Abstract: 
FIELD: medicine.
SUBSTANCE: invention can be used for

forecasting of clinical course of arterial
hypertensia (AH). Erythrocyte suspension in

buffer solution is made and 31R-nuclear magnetic
resonance method is used to evaluate erythrocyte
adenosine triphosphate (ATP) and 2,3-
diphosphoglycerate (DPG) content in relative
units. Depending on woman age, risk percentage of

severe clinical course of essential AH within
next 5 years is estimated on basis of forecasting
tables. Method application gives possibility to
register biochemical parameters of a erythrocyte
energy metabolism, that provides verification of
medical forecast.

EFFECT: method enables to evaluate risk
percentage of severe clinical course of essential
AH within next five years.

1 tbl, 1 dwg
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Èçîáðåòåíèå îòíîñèòñ  ê îáëàñòè ìåäèöèíû, â ÷àñòíîñòè ê êàðäèîëîãèè, ê ñïîñîáàì
ïðîãíîçèðîâàíè  òå÷åíè  àðòåðèàëüíîé ãèïåðòåíçèè (ÀÃ).

Èçâåñòåí ñïîñîá ïðîãíîçèðîâàíè  ðàçâèòè  îñëîæíåíèé çàáîëåâàíèé ïî÷åê ïðè
àðòåðèàëüíîé ãèïåðòîíèè íà îñíîâàíèè àíàëèçà ôàêòîðîâ ðèñêà ñåðäå÷íî-ñîñóäèñòûõ
çàáîëåâàíèé (ÑÑÇ) è âåëè÷èíû ñêîðîñòè íàòðèé-ëèòèåâîãî ïðîòèâîòðàíñïîðòà.

Ïðè àíàëèçå ñ ïîïðàâêîé íà âëè íèå ìíîæåñòâà ïîêàçàòåëåé îòíîñèòåëüíûé ðèñê
ìèêðîàëüáóìèíóðèè (ýêñêðåöèè àëüáóìèíà ñ ìî÷îé 20-199 ìêã/ìèí) ñîñòàâèë ïðè
ïîâûøåíèè ñèñòîëè÷åñêîãî àðòåðèàëüíîãî äàâëåíè  (ÑÀÄ) íà 18 ìì ðò.ñò. ó ìóæ÷èí è
æåíùèí 2,51 è 2,10 ñîîòâåòñòâåííî.

Íåäîñòàòêîì äàííîãî ìåòîäà  âë åòñ  ïðîãíîçèðîâàíèå ðèñêà ðàçâèòè  îñëîæíåíè  ÀÃ
(ïî÷å÷íîé íåäîñòàòî÷íîñòè), à íå ïðîãðåññèðîâàíè  ÀÃ ó æåíùèí (Ìèêðîàëüáóìèíóðè  ó
âçðîñëûõ, íå ñòðàäàþùèõ ñàõàðíûì äèàáåòîì. Ñâ çü ìåæäó àðòåðèàëüíûì äàâëåíèåì,
èíäåêñîì ìàññû òåëà, óðîâíåì õîëåñòåðèíà ïëàçìû è êóðåíèåì: ïîïóë öèîííîå
èññëåäîâàíèå â Ãüþááèî. / M.Cirillo, L.Senigalliesti, M.Laurenzi, R.Alfieri et al. //
JAMA, Ðîññè  - Òîì 2, ¹ èþëü-àâãóñò 1999).

Èçâåñòåí ñïîñîá âû÷èñëåíè  10-ëåòíåãî ðèñêà ðàçâèòè  ÑÑÇ ó æåíùèí íà îñíîâàíèè
îöåíêè íàëè÷è  íåêîòîðûõ ôàêòîðîâ ðèñêà ÑÑÇ. Îäíèì èç âàæíåéøèõ ôàêòîðîâ ðèñêà ó
æåíùèí 40-65 ëåò ïðèçíàí ïîâûøåííûé è âûñîêèé óðîâåíü ÑÀÄ.

Íåäîñòàòêîì äàííîãî ìåòîäà  âë åòñ  èñïîëüçîâàíèå óðîâí  àðòåðèàëüíîãî äàâëåíè  â
êà÷åñòâå ôàêòîðà ðèñêà ÑÑÇ, à íå â êà÷åñòâå îáúåêòà ïðîãíîçèðîâàíè  (Estimation of
ten-year risk of fatal cardiovascular disease in Europe: the SCORE project.
R.M.Conroya, K.Pyoralab, A.P.Fitzgeralda, S.Sansc et al, on behalf of the SCORE
project group. // European Heart Journal, 2003, 24; 987-1003).

Íàèáîëåå áëèçêèì, ïðèí òûì çà ïðîòîòèï  âë åòñ  ñïîñîá ïðîãíîçèðîâàíè  ðàçâèòè 
àðòåðèàëüíîé ãèïåðòåíçèè â äåòñêîé êîãîðòå íà îñíîâàíèè äàííûõ 20-ëåòíåãî íàáëþäåíè ,
îñíîâàííûé íà îïðåäåëåíèè íåêîòîðûõ ãåìîäèíàìè÷åñêèõ è àíòðîïîìåòðè÷åñêèõ
ôàêòîðîâ.

Îñíîâíûì ôàêòîðîì, ïðîãíîçèðóþùèì ÀÃ ó æåíùèí,  âèëèñü óðîâåíü äèàñòîëè÷åñêîãî
àðòåðèàëüíîãî äàâëåíè  (ÄÀÄ) â äåòñòâå ñ íåâûñîêèìè êîýôôèöèåíòàìè êîððåë öèè è
âîçðàñòíûìè îãðàíè÷åíè ìè äî 32-33 ëåò (â âîçðàñòå 12-13 ëåò - 0,24, â âîçðàñòå 25-26
ëåò - 0,41), à òàêæå èçìåíåíè  ìàññû òåëà çà 8 ëåò (ñ 25-26 ëåò äî 32-33 ëåò).

Èçâåñòíûé ñïîñîá íå ìîæåò áûòü ïðèìåíåí, òàê êàê èññëåäîâàíèå ïðîâîäèëîñü â
ìîëîäîé âîçðàñòíîé ãðóïïå (îò 12-13 äî 32-33 ëåò), à îáñëåäóåìà  íàìè êîãîðòà æåíùèí
èìååò ñðåäíèé âîçðàñò 45,99±6,49 ëåò (Äèíàìèêà àðòåðèàëüíîãî äàâëåíè  è
ïðîãíîçèðîâàíèå àðòåðèàëüíîé ãèïåðòåíçèè: äàííûå 20-ëåòíåãî íàáëþäåíè  äåòñêîé
êîãîðòû / Þ.Êëóìáåíå, Æ.Ìèëàøàóñêåíå, È.Ìèñ âè÷åíå, À.Øà÷êóòå // Êàðäèîëîãè , 2004,
2, ñ.30-34).

Èç ïåðå÷èñëåííûõ ìåòîäîâ ïðîãíîçèðîâàíè  òå÷åíè  ÀÃ ìîæíî çàêëþ÷èòü, ÷òî
îñóùåñòâë åòñ  ëèáî ïðîãíîçèðîâàíèå ðèñêà ðàçâèòè  îñëîæíåíèé ÀÃ, ëèáî ðèñêà
âîçíèêíîâåíè  ÀÃ.

Ôàêòè÷åñêè íåò ìåòîäà, ïîçâîë þùåãî ïðîãíîçèðîâàòü òå÷åíèå óæå ðàçâèâøåéñ 
ýññåíöèàëüíîé ÀÃ.

Òåõíè÷åñêèé ðåçóëüòàò, íà äîñòèæåíèå êîòîðîãî íàïðàâëåíî èçîáðåòåíèå, çàêëþ÷àåòñ  â
ðåãèñòðàöèè áèîõèìè÷åñêèõ ïàðàìåòðîâ ýíåðãåòè÷åñêîãî ìåòàáîëèçìà ýðèòðîöèòîâ, ÷òî
ïðèâîäèò ê âåðèôèêàöèè ìåäèöèíñêîãî ïðîãíîçà.

Êëèíè÷åñêèé ðåçóëüòàò äîñòèãíóò òåì, ÷òî ñïîñîá îöåíêè 5-ëåòíåãî ðèñêà
ïðîãðåññèðîâàíè  àðòåðèàëüíîé ãèïåðòåíçèè ó æåíùèí âêëþ÷àåò â ñåá  îïðåäåëåíèå
ñîäåðæàíè  ìàêðîýðãè÷åñêèõ ïîëèôîñôàòîâ àäåíîçèíòðèôîñôàòà (ÀÒÔ) è 2,3-
äèôîñôîãëèöåðàòà (ÄÔÃ) â ýðèòðîöèòàõ ìåòîäîì 31Ð-ßÌÐ-ñïåêòðîñêîïèè è êëèíè÷åñêîãî
ïðîñïåêòèâíîãî îáñëåäîâàíè  æåíùèí ÷åðåç 5 ëåò, ïðè ýòîì èñïîëüçîâàíèå ïðåäëàãàåìîãî
ñïîñîáà íå òðåáóåò äîïîëíèòåëüíîãî ïðîñïåêòèâíîãî îáñëåäîâàíè .

Ñ ïîìîùüþ íåëèíåéíîãî ðåãðåññèîííîãî àíàëèçà ïî äàííûì îïðåäåëåíè  ÀÒÔ è ÄÔÃ
ñîñòàâë åòñ  ïðîãíîñòè÷åñêà  òàáëèöà, ïîçâîë þùà  ïî óðîâíþ îïðåäåë åìûõ
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ïîêàçàòåëåé ïðîãíîçèðîâàòü ðèñê ïðîãðåññèðîâàíè  ÀÃ.
ßÌÐ-ñïåêòðîñêîïè  èññëåäóåò ïåðåõîäû ìåæäó ìàãíèòíûìè ýíåðãåòè÷åñêèìè óðîâí ìè

àòîìíûõ  äåð, âûçûâàåìûìè ðàäèî÷àñòîòíûì èçëó÷åíèåì.
ßÌÐ - îäèí èç ñïåêòðîñêîïè÷åñêèõ ìåòîäîâ, ñïîñîáíûõ äàâàòü èíôîðìàöèþ î ñòðóêòóðå

áèîïîëèìåðîâ, î âçàèìîäåéñòâè õ ìåæäó ìîëåêóëàìè è î ìîëåêóë ðíîì äâèæåíèè.
Ìåòîäîì ßÌÐ ìîãóò áûòü îòäåëüíî èññëåäîâàíû ðàçëè÷íûå àòîìû (1Í, 13Ñ, 19F, 31Ð).

Äë  èçó÷åíè  ìàêðîýðãè÷åñêèõ ôîñôàòîâ è êîíòðîë  ðÍ ïðè ðàçëè÷íûõ ïàòîëîãè÷åñêèõ
ñîñòî íè õ øèðîêî ïðèìåí åòñ  ßÌÐ-ñïåêòðîñêîïè  íà  äðàõ 31P, â ÷àñòíîñòè, ìîçãà
(Brain death-induced alterations in myocardial workload and high-energy phosphates: a
phosphorus 31 magnetic resonance spectroscopy study in the cat / G.J.Brandon Bravo
Bruinsma [et al.] // J. Heart. Lung. Transplant. - 1998. - Vol.17. - N10. - P.984-990;
Brain energy metabolism during hypoglycaemia in healthy and type 1 diabetic subjects
/ M.G.Bischof [et al.] // Diabetologia. - 2004. - Vol.47. - N4. - P.648-651), ñåðäöà
(Ôóíêöè  è ýíåðãåòè÷åñêîå ñîñòî íèå èçîëèðîâàííîãî ñåðäöà êðûñ ñî ñïîíòàííîé
ãèïåðòåíçèåé / Â.Ë.Ëàêîìêèí, È.Ì.Ñòóäíåâà, Î.È.Ïèñàðåíêî, À.Þ.Ïîñòíîâ, Â.È.Êàïåëüêî /
Êàðäèîëîãè . - 2000. - Ç4 8. - Ñ.53-61; Jelieks L.A. Intracellular free magnesium and
high energy phosphates in the perfused normotensive and spontaneously hypertensive
rat heart. A NMR study / L.A Jelieks, R.K.Gupta II Am. 3. Hypertens. - 1991. - Vol.4.
- N2. - Part 1. - P.131 -136), ïå÷åíè (Kokudo Y. 31 P-NMR study on the high energy
phosphate metabolism in warm ischemic rat liver caused by hepatic artery and portal
vein occlusion / Y.Kokudo, T.Maeba, S.Tanaka // Nippon. Shokakibyo. Gakkai. Zasshi. -
1991. - Vol.88. - N3. - P.698-705), ñêåëåòíîé ìûøöû (Disturbed energy balance in
skeletal muscle of patient with untreated primary hypertension. / G.Ronquist,
B.Soussi, G.Fritz et al. II J. Intern. Med. - 1995. - Vol.238. - P.167-174),
ýðèòðîöèòîâ (Intracellular pH in human and experimental hypertension / LM.Resnick,
RK.Gupta, R.E.Sosa, M.L.Corbert II Proc. Nat!. Acad. - 1987. - Vol.84. - P.7663-
7667), îäíàêî äàííûå èññëåäîâàíè  íå íàøëè ïðàêòè÷åñêîãî ïðèìåíåíè  â êëèíè÷åñêîé
êàðäèîëîãèè.

Íà ÷åðòåæå ïðåäñòàâëåí òèïè÷íûé ñïåêòð 13Ð ßÌÐ ýðèòðîöèòîâ.
Ïëîùàäè ñèãíàëîâ ÄÔÃ è ÀÒÔ ïîäñ÷èòûâàëèñü ñ ïîìîùüþ ñïåöèàëüíî ðàçðàáîòàííîãî

ïàêåòà ïðîãðàìì ïóòåì ñîïîñòàâëåíè  ñ ïëîùàäüþ ñèãíàëà îò ãåêñàìåòàïîëà
(C6H18N3PO), 0,0153 ìã/ìë.

Çà 1 óñëîâíóþ åäèíèöó ïðèíèìàëñ  îáðàçåö ñ ìèíèìàëüíûì êîëè÷åñòâîì Ýð
(3,76×1012/ë) (Ýðst). Ñîäåðæàíèå (Ñ) ÄÔÃ, ÀÒÔ îïðåäåë ëîñü â 1 îòíîñèòåëüíîé åäèíèöå
(îòí.åä.) Ýð ïî ôîðìóëå: Ñ=Ð/Ýðåõ:Ýð/Ýðst.

Ñ öåëüþ ñîïîñòàâëåíè  ñîäåðæàíè  31Ð(Ð) â ðàçëè÷íûõ ïðîáàõ ó÷èòûâàëîñü êîëè÷åñòâî
Ýð â ïðîáàõ ïî ôîðìóëå: Ñ=Ð:Ýðåõ/Ýðst.

Ìåòîäîì íåëèíåéíîé ìíîæåñòâåííîé ðåãðåññèè ñîñòàâë åòñ  óðàâíåíèå (êîýôôèöèåíò
äåòåðìèíàöèè - 25% ïðè ð=0,07):

Ïðîãðåññèðîâàíèå ÀÃ=6,45514-0,0755726⋅ÄÔÃ-0,172384⋅ÀÒÔ-0,196156⋅Ëåò+
0,00184312⋅ÄÔÃ⋅ÄÔÃ-0,0162127⋅ÀÒÔ⋅ÀÒÔ+0,0015326⋅Ëåò⋅Ëåò-0,00795295⋅ÄÔÐ⋅ÀÒÔ+
0,000671683⋅ÄÔÐ⋅Ëåò+0,0121032⋅ÀÒÔ⋅Ëåò.

Äàííûå ïðîãíîçèðîâàíè  ðèñêà ïðåäñòàâë þòñ  â âèäå òàáëèöû (òàáë.1) äë 
êîíêðåòíîãî âîçðàñòà ïàöèåíòîê.

Ïðàêòè÷åñêè ìåòîä îñóùåñòâë åòñ  ñëåäóþùèì îáðàçîì.
Îáñëåäîâàíèå áîëüíûõ ïðîâîäèëîñü íà óðîâíå I ýòàïà äâóõýòàïíîé ñõåìû

äèôôåðåíöèàëüíîé äèàãíîñòèêè àðòåðèàëüíûõ ãèïåðòåíçèé [Ã.Ã.Àðàáèäçå
Ñèìïòîìàòè÷åñêèå àðòåðèàëüíûå ãèïåðòîíèè. / Â êí.: Áîëåçíè ñåðäöà è ñîñóäîâ. Ïîä ðåä
Å.È.×àçîâà, Ì.: Ìåäèöèíà, 1992]. Ïîâòîðíîå êëèíè÷åñêîå îáñëåäîâàíèå ïðîâîäèëîñü ÷åðåç
5 ëåò ïîñëå ïåðâè÷íîãî.

Îáðàçöû ýðèòðîöèòîâ (Ýð) äë  31Ð ßÌÐ-ñïåêòðîñêîïèè ãîòîâèëèñü ïî ìåòîäó R.Arkowitz
ñ ñîàâò. (1987). Êðîâü çàáèðàëàñü èç âåíû ñàìîòåêîì â ãåïàðèíèçèðîâàííûå òåôëîíîâûå

Ñòðàíèöà: 4

5

10

15

20

25

30

35

40

45

50



RU 2 329 503 C2

ïðîáèðêè è òîò÷àñ öåíòðèôóãèðîâàëàñü ñî ñêîðîñòüþ 5000 îáîðîòîâ â 1 ìèí â òå÷åíèå 10
ìèíóò. Íàäîñàäî÷íà  æèäêîñòü îòáèðàëàñü äë  êîíòðîë  ãåìîëèçà â ïðîáå. Ýðèòðîöèòû 3
ðàçà îòìûâàëèñü ýêâèâàëåíòíûì îáúåìîì èçîòîíè÷åñêîãî 0,1Ì BIS-TRIS áóôåðà (ðÍ 7,4),
ñîäåðæàùåãî 150 ìÌ õëîðèäà íàòðè  è 5 ìÌ ãëþêîçû (ñðåäà À) â äèñòèëèðîâàííîé âîäå.
Ïîñëå ýòîãî ê Ýð äîáàâë ëàñü ñðåäà À, è îáúåì ñóñïåíçèè äîâîäèëñ  äî 6 ìë. Äàëåå 1 ìë
ñóñïåíçèè îòáèðàëñ  â äðóãóþ ïðîáèðêó äë  ïîäñ÷åòà Ýð è êîíòðîë  ãåìîëèçà, à ê
îñòàâøåìóñ  îáúåìó ñóñïåíçèè Ýð äîáàâë ëàñü 1/9 ÷àñòü àëèêâîòû ãëèöåðèíà. Ñóñïåíçè 
Ýð ñ ãëèöåðèíîì ïåðåëèâàëàñü â ïðîáèðêè äèàìåòðîì 10 ìì äë  ßÌÐ-ñïåêòðîñêîïèè,
çàìîðàæèâàëàñü è õðàíèëàñü â æèäêîì àçîòå. Ïåðåä ßÌÐ-ñïåêòðîñêîïèåé îáðàçöû
ðàçìîðàæèâàëèñü.

Êîíòðîëü ãåìîëèçà Ýð ïðîâîäèëñ  ïóòåì èçìåðåíè  ýêñòèíêöèè (Å) ïðè äëèíå
âîëíû λ=543 íì íà ñïåêòðîôîòîìåòðå.

Îïðåäåëåíèå ÀÒÔ è 2,3-ÁÔÃ â ýðèòðîöèòàõ ïðîâîäèëîñü ìåòîäîì 31P ßÌÐ-
ñïåêòðîñêîïèè ïðè 162 ÌÃö íà ñïåêòðîìåòðå ïðè 310 Ê.
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Ôîðìóëà èçîáðåòåíè 
Ñïîñîá îöåíêè ðèñêà ïðîãðåññèðîâàíè  àðòåðèàëüíîé ãèïåðòåíçèè ó æåíùèí,

îòëè÷àþùèéñ  òåì, ÷òî ãîòîâ ò ñóñïåíçèþ ýðèòðîöèòîâ â áóôåðíîì ðàñòâîðå è îïðåäåë þò
ñîäåðæàíèå ìàêðîýðãè÷åñêèõ ôîñôàòîâ àäåíîçèíòðèôîñôàòà (ÀÒÔ) è 2,3-
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äèôîñôîãëèöåðàòà (ÄÔÃ) ýðèòðîöèòîâ â îòíîñèòåëüíûõ åäèíèöàõ ìåòîäîì 31Ð-ßÌÐ,
çàòåì, â çàâèñèìîñòè îò âîçðàñòà æåíùèí, ïî ïðîãíîñòè÷åñêèì òàáëèöàì îïðåäåë þò
ïðîöåíò ðèñêà óò æåëåíè  òå÷åíè  ýññåíöèàëüíîé ÀÃ â áëèæàéøèå 5 ë.
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