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Åëåêòðîôîðåòè÷íà ðóõëèâ³ñòü ë³ìôîöèò³â
ìèãäàëèê³â ëþäèíè ïðè õðîí³÷íîìó òîíçèë³ò³

Ìåòîäîì ìèêðîýëåêòðîôîðåçà èññëåäîâàëè èçìåíåíèÿ ýëåêòðîôîðåòè÷åñêîé ïîäâèæíîñòè
(ÝÔÏ) ëèìôîöèòîâ ìèíäàëèíû ó áîëüíûõ ñ õðîíè÷åñêèì òîíçèëëèòîì. Â êà÷åñòâå êîíòðîëÿ
èñïîëüçîâàëè ëèìôîöèòû ìèíäàëèí çäîðîâûõ ëþäåé-âîëîíòåðîâ. Ïîêàçàíî, ÷òî ñðåäíåå
çíà÷åíèå ÝÔÏ ëèìôîöèòîâ â êîíòðîëüíîé ãðóïïå áûëî (�0,98 ± 0,02) ìêì.ñì.Â-1.ñ-1. Ó áîëüíûõ
õðîíè÷åñêèì òîíçèëëèòîì àáñîëþòíàÿ âåëè÷èíà ÝÔÏ ëèìôîöèòîâ óìåíüøàëàñü â ñðåäíåì íà
16 % è ñîñòàâëÿëà (�0,82 ± 0,02) ìêì.ñì.Â-1.ñ-1 (Ð < 0,02). Ïðîöåíòíîå ñîäåðæàíèå ëèìôî-
öèòîâ, ÝÔÏ êîòîðûõ áëèçêà ê 0, ó áîëüíûõ âûøå, ÷åì â êîíòðîëå. Íà îñíîâàíèè ðåçóëüòàòîâ
ìàòåìàòè÷åñêîãî àíàëèçà ýêñïåðèìåíòàëüíûõ äàííûõ âûñêàçàíî ïðåäïîëîæåíèå î òîì, ÷òî
óìåíüøåíèå àáñîëþòíîé âåëè÷èíû ÝÔÏ ïðè õðîíè÷åñêîì òîíçèëëèòèå ñâÿçàíî ñ óìåíüøåíèåì
êîëè÷åñòâà àêòèâèðîâàííûõ ëèìôîöèòîâ.

ÂÑÒÓÏ

Ìèãäàëèêè â³äíîñÿòüñÿ äî ïåðèôåðè÷íèõ
ë³ìôî¿äíèõ îðãàí³â, ÿê³ âèêîíóþòü çàõèñíó
ôóíêö³þ. ¯õ ïàðåíõ³ìà ïðåäñòàâëåíà ë³ì-
ôî¿äíîþ òêàíèíîþ, êë³òèííîþ îñíîâîþ ÿêî¿
º ë³ìôîöèòè, ìàêðîôàãè òà ïëàçìàòè÷í³ êë³-
òèíè. Ë³ìôîöèòè ìèãäàëèê³â in vivo çä³éñ-
íþþòü ðåàêö³¿ êë³òèííîãî òà ãóìîðàëüíîãî
³ìóí³òåòó [4, 6, 10]. Ôóíêö³îíàëüíèé ñòàòóñ
ìèãäàëèê³â, ÿê ³ìóííèõ îðãàí³â, çàëåæèòü
â³ä ïîâíîö³ííîñò³ ñòàíó êë³òèí, ùî ¿õ
óòâîðþþòü. Ñåðåä ìåòîä³â îö³íêè ôóíêö³î-
íàëüíîãî ñòàíó êë³òèíè, íàð³âí³ ç ìîðôîëî-
ã³÷íèìè, á³îõ³ì³÷íèìè é ³ìóíîëîã³÷íèìè,
âåëèêó çàö³êàâëåí³ñòü âèêëèêàº åëåêòðî-
ô³çè÷íèé ìåòîä (ì³êðîåëåêòðîôîðåç) äîñ-
ë³äæåííÿ çîâí³øíüî¿ ìåìáðàíè êë³òèíè, ÿêà
â³äîáðàæàº ¿¿ æèòòºä³ÿëüí³ñòü.

Ïëàçìàòè÷íà ìåìáðàíà êë³òèíè º ãðà-
íè÷íîþ ïîâåðõíåþ, ÿêà áåçïîñåðåäíüî
â³ää³ëÿº êë³òèíè â³ä íàâêîëèøíüîãî ñåðåäî-
âèùà. Ñàìå ìåìáðàíà ï³äëÿãàº àòàö³ ïîø-
êîäæóâàëüíèõ ôàêòîð³â � ô³çè÷íèõ, õ³ì³÷íèõ
³ á³îëîã³÷íèõ. Íà ïîâåðõí³ êë³òèíè çä³éñ-

íþºòüñÿ ¿¿ âçàºìîä³ÿ ç íàâêîëèøí³ì ñåðå-
äîâèùåì, ÿêå ðåãóëþºòüñÿ ÿê õ³ì³÷íèì
ñêëàäîì ïëàçìàòè÷íî¿ ìåìáðàíè, òàê ³
ô³çèêî-õ³ì³÷íèìè õàðàêòåðèñòèêàìè êë³òèí-
íî¿ ìåìáðàíè. Âàæëèâîþ ô³çèêî-õ³ì³÷íîþ
âëàñòèâ³ñòþ ïîâåðõí³ êë³òèíè º ¿¿ ïîâåðõ-
íåâèé çàðÿä. Éîãî âåëè÷èíà çàëåæèòü â³ä
ôóíêö³îíàëüíîãî ñòàíó êë³òèíè [1, 5, 7].
Âîíà âèçíà÷àº ïðèìåìáðàííó êîíöåíòðàö³þ
³îí³â ³ á³îëîã³÷íî àêòèâíèõ ìîëåêóë, âïëèâàº
íà ôóíêö³îíóâàííÿ ïîòåíö³àëçàëåæíèõ
ìåìáðàííèõ ìåõàí³çì³â, â³ä³ãðàº âàæëèâó
ðîëü â ì³æêë³òèííîìó âçàºìîçâ�ÿçêó [3, 8].

Äëÿ äîñë³äæåííÿ ïîâåðõíåâîãî çàðÿäó
ð³çíèõ òèï³â êë³òèí øèðîêî âèêîðèñòî-
âóºòüñÿ ìåòîä ì³êðîåëåêòðîôîðåçó [11].
Â³í äîçâîëÿº âèçíà÷èòè íå ò³ëüêè âåëè÷èíó
ïîâåðõíåâîãî çàðÿäó, à ³ îö³íèòè ðåàêö³¿
êë³òèí íà çîâí³øí³ âïëèâè ïðè ¿õ çì³íàõ.
Ïîâåðõíåâèé çàðÿä ë³ìôîöèò³â çì³íþºòüñÿ
ïðè ð³çíèõ çàõâîðþâàííÿõ [2, 6].

Ìåòîþ íàøîãî äîñë³äæåííÿ áóëî âèçíà-
÷åííÿ çì³í åëåêòðîôîðåòè÷íî¿ ðóõëèâîñò³
ë³ìôîöèò³â ìèãäàëèê³â ó õâîðèõ íà õðîí³÷íèé
òîíçèë³ò.
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ÌÅÒÎÄÈÊÀ

Âèä³ëåííÿ ë³ìôîöèò³â. Ë³ìôîöèòè îòðèìó-
âàëè ç ìèãäàëèê³â çäîðîâèõ (äîíîðè � äîá-
ðîâîëüö³) òà õâîðèõ íà õðîí³÷íèé òîíçèë³ò
ëþäåé çà ñòàíäàðíòíîþ ìåòîäèêîþ [9].
Ï³äðàõîâóâàëè ê³ëüê³ñòü êë³òèí ó êàìåð³ Ãî-
ðÿºâà òà äîâîäèëè ¿õ êîíöåíòðàö³þ â ñóñ-
ïåíç³¿ äî106 êë³òèí/ìë. Ê³ëüê³ñòü ë³ìôîöèò³â
³ç íåïîøêîäæåíîþ ìåìáðàíîþ âèçíà÷àëè çà
â³äñóòí³ñòþ ïîôàðáóâàííÿ òðèïàíîâèì
ñèí³ì (0,1%-é ðîç÷èí,  10 õâ) .  Ó âñ³õ
åêñïåðèìåíòàõ âîíî áóëî íå ìåíøå í³æ 90 %.

Âèì³ðþâàííÿ åëåêòðîôîðåòè÷íî¿ ðóõëè-
âîñò³ ë³ìôîöèò³â. Êë³òèíè ïðîìèâàëè äâî-
êðàòíèì öåíòðèôóãóâàííÿì (10 õâ, 400 g)
ðîç÷èíîì íàñòóïíîãî ñêëàäó (ììîëü/ë):
ÑàÑl

2
 �2,0, ÊÑl � 2,5, òð³ñ-ÍÑl (ðÍ 7,4) �

10,0, ãëþêîçà � 280,0. Åëåêòðîôîðåòè÷íó
ðóõëèâ³ñòü (ÅÔÐ) ë³ìôîöèò³â âèçíà÷àëè â
öüîìó ñàìîìó ðîç÷èí³ ïðè 20°Ñ çà îïèñà-
íîþ ðàí³øå ìåòîäèêîþ [11].

Ñòàòèñòè÷íèé àíàë³ç åêñïåðèìåíòàëü-
íèõ ðåçóëüòàò³â. Ñåð³ÿ åêñïåðèìåíò³â
âêëþ÷àëà 8 äîñë³äæåíü, â êîæíîìó ç ÿêèõ
ïðîâîäèëè âèì³ðþâàííÿ ÅÔÐ íå ìåíøå í³æ
50 êë³òèí.

Ñòàòèñòè÷íèé àíàë³ç ðåçóëüòàò³â ïðîâî-
äèëè çà äîïîìîãîþ ïàêåòó ïðîãðàì �Mat-

Lab V.6.5�. Ð³âåíü äîñòîâ³ðíîñò³ ïðè îö³íö³
ä³éñíîãî çíà÷åííÿ âèì³ðÿíî¿ âåëè÷èíè ÅÔÐ
ñòàíîâèâ 95 %. Äëÿ âèçíà÷åííÿ äîñòî-
â³ðíîñò³ ð³çíèö³ ïðè ïîð³âíÿíí³ ñåðåäí³õ
çíà÷åíü ÅÔÐ âèêîðèñòîâóâàëè êðèòåð³é t
Ñòüþäåíòà.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Íà ðèñ. 1,à ïðåäñòàâëåíî ã³ñòîãðàìó ÅÔÐ
ë³ìôîöèò³â ìèãäàëèêà çäîðîâîãî äîíîðà.
Ñåðåäíº çíà÷åííÿ ÅÔÐ ñòàíîâèëî (�0,98 ±
0,02) ìêì.ñì.Â-1.ñ-1. Îñê³ëüêè ã³ñòîãðàìà
àñèìåòðè÷íà, ìîæíà äîïóñòèòè, ùî ïîïó-
ëÿö³ÿ êë³òèí çäîðîâèõ ìèãäàëèê³â ãåòåðî-
ãåííà. Äëÿ ïåðåâ³ðêè ö³º¿ ã³ïîòåçè ìè ïðîà-
íàë³çóâàëè åêñïåðèìåíòàëüí³ äàí³ ìåòîäîì
normal probabiliti plot, ÿêèé äîçâîëÿº âèÿâèòè
ãàóñîâ³ íîðìàëüí³ ðîçïîä³ëåííÿ (pèñ. 1,á).

Ãðàô³ê íîðìàëüíî¿  éìîâ³ðíîñò³ (äèâ.pèñ.
1,á) ìàº òî÷êó ïåðåãèíó  �1,00 ìêì.ñì.Â-1.ñ-1.
Öå äàº çìîãó çðîáèòè âèñíîâîê ïðî òå, ùî
ã³ñòîãðàìà íà ðèñ. 1,à º ñóïåðïîçèö³ºþ
íîðìàëüíèõ ðîçïîä³ëåíü äâîõ ñóáïîïóëÿö³é
ë³ìôîöèò³â  ³ç  ñåðåäí³ìè çíà÷åííÿìè
ÅÔÐ ω

1
= �0,67±0,05 òà ω

2
 = (�1,44±0,03)

ìêì.ñì.Â-1.ñ-1 â³äïîâ³äíî (Ð < 0,01).
Ïîä³ë êë³òèí íà äâ³ ïîïóëÿö³¿ çà îçíàêîþ

ð³çíî¿ ÅÔÐ îñíîâàíèé íà ðåçóëüòàòàõ

Ðèñ. 1. Ã³ñòîãðàìà åëåêòðîôîðåòè÷íî¿ ðóõëèâîñò³ ë³ìôîöèò³â ìèãäàëèê³â êîíòðîëüíî¿ ãðóïè (çà â³ññþ àáñöèñ �
åëåêòðîôîðåòè÷íà ðóõëèâ³ñòü, ìêì.ñì.Â-1.ñ-1; çà â³ññþ îðäèíàò � ê³ëüê³ñòü êë³òèí) (à); ãðàô³ê íîðìàëüíî¿ éìîâ³ðíîñò³
(normal probability plot) äëÿ åëåêòðîôîðåòè÷íî¿ ðóõëèâîñò³ ë³ìôîöèò³â ìèãäàëèê³â êîíòðîëüíî¿ ãðóïè (çà â³ññþ
àáñöèñ � åëåêòðîôîðåòè÷íà ðóõëèâ³ñòü, ìêì.ñì.Â-1.ñ-1; çà â³ññþ îðäèíàò � éìîâ³ðí³ñòü) (á)

à á
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ìàòåìàòè÷íîãî àíàë³çó åêñïåðèìåíòàëüíî
îòðèìàíèõ äàíèõ. Ìîæëèâî, ñóáïîïóëÿö³ÿ
ë³ìôîöèò³â ç âèñîêîþ àáñîëþòíîþ âåëè-
÷èíîþ ÅÔÐ ïðåäñòàâëåíà áàãàòüìà àêòè-
âîâàíèìè êë³òèíàìè, ÅÔÐ ÿêèõ çíà÷íî
âèùèé, í³æ íåàêòèâîâàíèõ [1, 2], ³ ñâ³ä÷èòü
ïðî âèñîêèé ôóíêö³îíàëüíèé ñòàí çäîðîâèõ
êë³òèí.

Òèïîâó ã³ñòîãðàìó ÅÔÐ ë³ìôîöèò³â
ìèãäàëèê³â, óøêîäæåíèõ õðîí³÷íèì òîíçè-
ë³òîì, ïðåäñòàâëåíî íà ðèñ. 2,à. Ó ñåðåä-
íüîìó çíà÷åííÿ àáñîëþòíî¿ âåëè÷èíè ÅÔÐ
ë³ìôîöèò³â ìèãäàëèê³â ó õâîðèõ íà õðîí³÷íèé
òîíçèë³ò â íàøèõ äîñë³äæåííÿõ ñòàíîâèëî
(�0,81 ± 0,02) ìêì.ñì.Â-1.ñ-1, ùî íà 16 %
ìåíøå, í³æ ó êîíòðîëüí³é ãðóï³. ×èñëî
êë³òèí, ÅÔÐ ÿêèõ áëèçüêà äî 0, â ë³ìôî-
öèòàõ óøêîäæåíèõ ìèãäàëèê³â á³ëüøå, í³æ
ó êîíòðîëüí³é ãðóï³. Öåé ôàêò ñâ³ä÷èòü ïðî
ïîã³ðøåííÿ ôóíêö³îíàëüíîãî ñòàíó ë³ìôî-
öèò³â ïðè õðîí³÷íîìó òîíçèë³ò³. Àñèìåò-
ðè÷í³ñòü ã³ñòîãðàì ÅÔÐ ë³ìôîöèò³â ìèãäà-
ëèê³â õâîðèõ íà õðîí³÷íèé òîíçèë³ò âèðà-
æåíà çíà÷íî ìåíøå, í³æ ó êîíòðîë³. Ïîëî-
æåííÿ òî÷êè ïåðåãèíó ãðàô³êà íîðìàëüíî¿
éìîâ³ðíîñò ³  íå  çì³íþºòüñÿ  ω  =  1 ,00
ìêì.ñì.Â-1.ñ-1. Òàêèì ÷èíîì, ïðè õðîí³÷-
íîìó òîíçèë³ò³ çìåíøóºòüñÿ àáñîëþòíà

âåëè÷èíà ÅÔÐ ò³º¿ ïîïóëÿö³¿ ë³ìôîöèò³â, â
ÿê³é, ÿêùî îö³íþâàòè çà âåëè÷èíîþ ÅÔÐ,
íàÿâí³ àêòèâîâàí³ êë³òèíè òà çíèæóºòüñÿ
ê³ëüê³ñòü ñàìèõ êë³òèí.

ÂÈÑÍÎÂÊÈ

1. Çà äîïîìîãîþ ìåòîäó ì³êðîåëåêòðî-
ôîðåçó äîñë³äæåíî ÅÔÐ ë³ìôîöèò³â ìèãäà-
ëèê³â ëþäèíè.

2. Ïîêàçàíî, ùî ïðè õðîí³÷íîìó òîíçè-
ë³ò³ àáñîëþòíà âåëè÷èíà ÅÔÐ ë³ìôîöèò³â
ìèãäàëèê³â çìåíøóºòüñÿ.

3. Íà îñíîâ³ ðåçóëüòàò³â ìàòåìàòè÷íîãî
àíàë³çó åêñïåðèìåíòàëüíèõ ðåçóëüòàò³â
çðîáëåíî ïðèïóùåííÿ ïðî òå, ùî çíèæåííÿ
àáñîëþòíî¿ âåëè÷èíè ÅÔÐ ïðè õðîí³÷íîìó
òîíçèë³ò³ ïîâ�ÿçàíî ç³ çìåíøåííÿì ÷èñëà
àêòèâîâàíèõ ë³ìôîöèò³â, ³ öå ïðèçâîäèòü äî
çíèæåííÿ ôóíêö³îíàëüíîãî ñòàíó ìèãäàëèê³â.

Y.V.Shevchuk

ELECTROPHORESIS MOTILITY OF HUMAN TON-
SIL LYMPHOCYTES OF PATIENTS WITH CHRON-
IC TONSILLITIS

The changes in the electrophoresis motility (EPM) of
lumphocytes in the tonsils of patients with chronic tonsil-

Ðèñ. 2. Ã³ñòîãðàìà åëåêòðîôîðåòè÷íî¿ ðóõëèâîñò³ ë³ìôîöèò³â ìèãäàëèê³â óøêîäæåíèõ õðîí³÷íèì òîíçèë³òîì (çà
â³ññþ àáñöèñ � åëåêòðîôîðåòè÷íà ðóõëèâ³ñòü, ìêì.ñì.Â-1.ñ-1; çà â³ññþ îðäèíàò � ê³ëüê³ñòü êë³òèí) (à); ãðàô³ê
íîðìàëüíî¿ éìîâ³ðíîñò³ (normal probability plot) äëÿ åëåêòðîôîðåòè÷íî¿ ðóõëèâîñò³ ë³ìôîöèò³â ìèãäàëèê³â õâîðèõ
õðîí³÷íèì òîíçèë³òîì (çà â³ññþ àáñöèñ � åëåêòðîôîðåòè÷íà ðóõëèâ³ñòü, ìêì.ñì.Â-1.ñ-1; çà â³ññþ îðäèíàò � éìîâ³ðí³ñòü) (á)

Åëåêòðîôîðåòè÷íà ðóõëèâ³ñòü ë³ìôîöèò³â

à á
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litis were assessed using the method of microelectrophore-
sis. Tonsil lumphocytes of healtly volunteers were used as
controls of these experiments. During this investigation it
was shown that the average value of EPM of lymphocytes
in the control group was -0.98±0.02 µmol . cm . V-1 . S-1.
The absolute value of TPM of lymphocytes of the pa-
tients with chronic tobssillitis in average dropped 16 % to
a value of -0.82±0.02 µmol . cm . V-1 . S-1. The percent
composition of lymphocytes, whose EPM was close to 0,
is higher in the group of patients with chronic tonsillitis,
then in the control group. Mathematical analysis were con-
ducted on the experimental data and on the basis of the
results it was proposed that the drop of the absolute value
of EPM during chronic tonsillitis is connected with the
drop in the amount of active lymphocytes.

A.A.Bogomoletz National Medical University, Kiev
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