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The activity of 5 adenosine monophosphate-activated protein kinase (AMPK), controlling the energy balance of
a cell, in blood cells at the combined treatment of patients with type 2 diabetes with metformin and insulin was
determined by enzyme immunoassay. It has been shown that metformin increases three-fold the AMPK activity in
lymphocytes of patients with type 2 diabetes, compared with patients before treatment. Insulin and its analog
reduced the activity of the protein kinase stimulated by metformin in the blood cells, acting as metformin antagonists.
The mechanisms of drug interaction and the consequences of their antagonism are discussed.
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Type 2 diabetes mellitus (T2D) is a progressive disease with a steady decrease in the function of
pancreatic B-cells, which ultimately determines the inevitability of insulin therapy. Modern guide-
lines recommend early insulin therapy with the selection of an adequate effective dose of insulin
followed by timeous intensification. Early insulin therapy together with oral hypoglycemic agents
is also offered in the updated ADA guide (2018) for managing patients with T2D [1]. At the
same time, combined therapy of the first-line hypoglycemic drug metformin (MF) with insulin
can lead to negative consequences and even increase the death rate of patients [2—4]. These facts
require a further study to understand the risks associated with the use of insulin and MF in pa-
tients with type 2 diabetes.

Taking the data obtained in clinical and experimental studies into account, we attempted to
study the activity of the main energy sensor of cells — 5’AMP-activated protein kinase (AMPK)
in lymphocytes from patients taking MF both as monotherapy and in combination with insulin
preparations.

Materials and methods. The study was conducted in the diabetology department of the In-
stitute. All patients signed informed consent to conduct the further diagnostic and research study.
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Immediately after the collection, blood was 0.35
centrifuged using a Histopaque 1077 (Sigma, 030 -
USA), the lymphocytes collected were wash-
ed and frozen at —80 °C until use. The cells
were lysed in the extraction buffer with inhi-
bitors of proteases and phosphatases. To deter-
mine the amount of phospho-AMPK (phos-
pho-threonine 172) enzyme-linked immuno- 0.10
sorbent assay (ELISA) kit ab154468 (Abcam, 0.05
UK) was used. The studies were carried out in 0 — ExpGrol fit of Data_B

. ) S : —— Boltzmann fit of Data_B
triplets. The protein concentration in the lysa- ' ' : : ' '
te was determil?ed using Novagen (USA) BCA 0 ! HE2K2 9 3T,3ukg /mlll S
protein assay kit. The measurements were car-
ried out on a microplate reader (Bio-tek In-  Fig. 1. Calibration curve for the AMPK determination
struments, USA) at a wavelength of 600 nm.

To get the calibration curve for the AMPK determination, a kidney cell culture HEK293T of
human embryonic kidney was used, which is recommended by the manufacturer as a positive control.

The OD values of samples obtained (0.005—0.04) are located on the calibration curve re-
gion almost perfectly coinciding with exponential theoretical curves, which indicates no scat-
tering of the data (Fig. 1).

The results of the study are presented as M + SD, n = 3—6. To compare the data groups,
Student’s t-test was used. Values of P < 0.05 were considered as significant.

Results and their discussion. The patients were divided into groups: the control group 1
consisted of healthy individuals who did not have diabetes mellitus, representative by age,
2 — patients with type 1 diabetes on insulin therapy, 3 — patients with type 2 diabetes before the
hypoglycemic therapy, 4 — patients with T2D receiving metformin at a dose of 1000 mg twice a
day as a hypoglycemic therapy, 5 — patients on combination therapy — MF at a same dose and
analog of insulin (glargine), 6 — patients on combination therapy — MF and human insulin.
Insulin glargine is the first and only analog of human insulin, a long-acting drug, whose single
administration provides 24-hour basal glycemic control.

AMPK activity was determined by the amount of the phosphorylated Thr172 of a.-subunit of
the protein. Fig. 2 shows that the level of phospho-AMPK in lymphocytes of patients with T1D
(group 2) does not differ from control, and, in patients with T2D before treatment with hypogly-
cemic drugs (group 3), it is lower than in control samples. MF increases more than three-fold the
activity of AMPK in blood cells of patients with T2D, which may indicate that the drug affects
not only muscles, liver, and adipose tissue, but also blood cells. An increase in the activity of pro-
tein kinase in blood cells, including monocytes/macrophages, whose inflammatory process plays
an important role in increasing the insulin resistance, may partly explain its attenuation by the
action of metformin.

A stimulating effect of MF on AMPK activity in undifferentiated bone marrow precursor
cells was also described [5].

Attention is drawn to the lack of the insulin effect on AMPK activity in patients with T1D
(group 2), which indicates a certain independence of the hormone signal pathway (PI3K/Akt)
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from the cascade of AMPK activation (liver kinase B1 (LKB1), calcium-/calmodulin-depen-
dent kinase, kinase 2 (CAMKK?2), and TGF-activated kinase 1 (TAK1)). At the same time, both
insulin and its analog, insulin glargine, completely suppressed MF-stimulated AMPK activity in
the lymphocytes of patients with T2D (Fig. 2, groups 5 and 6), reducing it to the level of a group
of patients without treatment (group 3).

The latter fact is of particular interest, taking into account that the hyperglycemic effect
of metformin is mainly related to the suppression of the glucose production in liver by activating
the LKB1-AMPK pathway [6].

It is worth to note that MF realizes pleiotropic actions in multiple organs and exerts protec-
tive effects on cardiovascular diseases and pancreatic B-cells failure. Moreover, metformin therapy
improves insulin secretion and protects against palmitic acid-induced pancreatic B-cell apoptosis,
therefore supporting the advantageous effects of metformin on pancreatic B-cells. MF also exerts
direct effects on the B-cell function such as insulin release, transcriptional regulation in pancre-
atic islets, and islet cell viability, in dependence on the glucose concentration [7]. Therefore, insu-
lin inhibition of AMPK activity is perhaps a feedback mechanism regulating the synthesis and
secretion of the hormone itself. It should be noted that insulin suppresses AMPK activity not
only in lymphocytes, but also in liver, muscles, and possibly in other tissues and organs [8].

As for the mechanism of such inhibition, so far little is known. There is evidence that insulin
can inhibit adrenergic agonist-stimulated AMPK [9]. Recent studies also suggest that insulin
downregulates AMPK activity via Ser485/491 phosphorylation of the AMPK a-subunit [10].

Taking the obtained data into account, it is possible that the inhibition of AMPK and, accor-
dingly, the effect of metformin, by insulin in their combined application, can explain complications
in the cardiovascular and excretory systems [2—4]. On the other hand, many disadvantages of
insulin treatment in type 2 diabetes seem to be minimized by concomitant treatment with met-
formin. MF and insulin versus insulin alone seems to cause favorable reductions in weight, HbAlc,
and insulin dose [11].

Conclusions. Metformin increases the activity of AMPK in blood cells of patients with type
2 diabetes more than 3-fold that may suggest a direct effect of the drug on the monocyte/macro-
phage system.

Insulin and its analog completely suppress the metformin-stimulated AMPK activity in
lymphocytes of patients with T2D, and, consequently, insulin can interfere with the therapeutic
effects of metformin.
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BJIMAHUE KOMBMHMNPOBAHHOI'O JIEHEHUA NMHCYJINMHOM
1 MET®OPMMNHOM HA AKTUBHOCTD 5’AM®-AKTUBUPYEMO
[MPOTEMHKMHASDI BJIMM®O®OIUTAX BOJIbHDIX /IMABETOM

MeTom0M UMMYHOGhEPMEHTHOTO aHAJIN3A OTPE/IEISIIA AKTHBHOCTD 5’ a/IeHO3UHMOHOMOCHAaTaK TUBUPYEMOIT TTPO-
trenuaknHassl (AMPK), koHTposmpyforeit sHepreTHIecKuil HaqaHc KIETKH, B KIE€TKaX KPOBHU TPH KOMOWHUPO-
BaHHOM JiedeHUuH GOJIbHBIX naberoM 2-ro Tuna MeThopMuHOM 1 uHeyauHoM. [Tokazano, 4ro MethOopMUH B TpU
pasa mosbimraeT aktTuBHOCTE AMPK B mumdorntax 6oMbHBIX IHa0ETOM 2-TO THIIA IO CPABHEHUIO € MAneHTaM1
110 JiedeHust. VIHCYJIMH M ero aHaJIor CHIDKAIM CTUMYJIUPYeMYIo MeT(OPMUHOM aKTHUBHOCTH IIPOTEMHKUHA3bI B

ISSN 1025-6415. /lonos. Hay, axad. nayx Yxp. 2018. No 5 103



L.K. Sokolova, V.M. Pushkarev, Y.B. Belchina, V.V. Pushkarev, M.D. Tronko

KJIeTKaX KPOBH, BBICTYyIas aHTaroHucramMu Merdopmuta. O6CyKIa0TCS MEXaHM3Mbl B3aUMOJEIHCTBHUS TIperia-
PaToB U 10CJIE/CTBUS UX aHTArOHU3MA.

Kmouesvie crosa: AMPK, duabem 2-20 muna, mempopmuis, unCyaum.
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BII/IMB KOMBIHOBAHOTO JIIKYBAHHA THCYJITHOM
TA MET®OPMIHOM HA AKTUBHICTb 5’ AM®-AKTUBOBAHOI
MMPOTEITHKIHA3U B JIIM®OIUTAX XBOPUX HA JJIABET

Metoznom iMmyHOGEPMEHTHOTO aHAII3y BU3HAYAIN aKTUBHICTH 5’ajeH03MHMOHOMOCHhATAKTHBOBAHOI TIPOTEIH-
kinasu (AMPK), 1110 KOHTPOJIFOE eHepreTHuHuil GaaHe KJITUHU, B KJIITHHAX KPOBI MPHU KOMOGIHOBAHOMY JIi-
KyBaHHI XBopux Ha fiaber 2-ro Tuity Merdopminom i incysinom. [Tokazano, 1o MeTdopMil yTpudi migBuILye
aktuBHicTE AMPK y mimdorrax xBopux Ha giabet 2-ro THITY B TOPIiBHSTHHI 3 Malli€eHTaMM /10 JTiKyBaHHs. [HCyTiH
i floro anajor 3HIKYBAIN CTUMYJIbOBAHY MET(HOPMIiHOM aKTHBHICTH ITPOTEIHKIHA3Y B KJIITHHAX KPOBI, BUCTY-
nmatoun aHTaronicramu mMetdopminy. O6roBopIOITHCS MEXaHI3MU B3a€MOJIII TIpernapariB Ta HacJiJKu iX aHTa-
TOHI3MY.

Kmouosi cnoea: AMPK, diabem 2-20 muny, memeopmin, incyiin.
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