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Hypoglycemic effect of hyaluronate-endo-β-N-acetylhexosaminidase immobilized by elec-
tron-beam synthesis nanotechnology (imHEA-HA) was studied in experimental insulin-
dependent and insulin-independent diabetes mellitus. The drug exhibited a hypoglycemic 
effect of its own and potentiated the pharmacological effect of exogenous insulin injected in 
vivo. Studies on liver cell culture demonstrated an increase of cell sensitivity to insulin after 
treatment with imHEA-HA.

Key Words: diabetes mellitus; immobilized hyaluronate-endo-β-N-acetylhexosaminidase; 
hyaluronidase; insulin; electron-beam synthesis nanotechnology

Institute of Pharmacology, Siberian Division of the Russian Acad-

emy of Medical Sciences, Tomsk; *Scientific Future Management, 

Novosibirsk. Address for correspondence: mmu@pharm.tsu.ru. 

A. M. Dygai

Diabetes mellitus (DM) is a highly prevalent severe 
disease, for which no radical treatment methods are 
known up to date [3,6]. An important mechanism in 
the pathogenesis of the insulin-independent variant of 
this disease and development of insulin resistance in 
insulin-dependent condition is reduction of specifi c 
insulin receptor sensitivity on target cells [3,6]. How-
ever, the relationship between the affi nity of receptors 
for this ligand and cell sensitivity to glucose in DM, 
on the one hand, and the status of hyaluronic acid 
(HA; a component of the receptors and cell-cell matrix 
[9,13,14]), on the other hand, remains little studied. 
Experimental studies demonstrated potentiation of the 
specifi c effects of some bioactive substances by immo-
bilized hyaluronate-endo-β-N-acetylhexosaminidase 
(imHEA-HA), an hyaluronidase analogue playing the 

key role in HA metabolism [2,4]. This drug created by 
electron-beam synthesis nanotechnology is a virtually 
nontoxic compound with manifest systemic effects (in 
contrast to unmodifi ed enzyme), also effective in oral 
treatment [7,8,10], which is explained by its resistance 
to serum and tissue degradation factors [13,14] and 
proteolytic enzymes of the gastrointestinal tract [6,7].

We studied the hypoglycemic effects of imHEA-
HA immobilized by electron-beam synthesis nano-
technology and mechanisms underlying these effects.

MATERIALS AND METHODS

Experiments were carried out on 2-month-old male 
CBA/CaLac mice (18-20 g; n=64) and 12-14-month-
old male mice of the same strain (45-52 g; n=37). Cer-
tifi ed animals were bred at Department of Experimen-
tal Biological Models of Institute of Pharmacology.

Insulin-dependent DM (type 1 DM, DM1) was 
induced by intraperitoneal injection of alloxan mono-
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hydrate in a dose of 300 mg/kg for 4 days [12]. 
Spon taneous age-associated hyperglycemia of CBA/
CaLac mice aged 12-14 months served as the model 
of in su lin-independent (type 2) DM [6]. Experimen-
tal ani mals received intragastrically imHEA-HA or 
intraperitoneally insulin (Actropid) or intragastrically 
imHEA-HA+intraperitoneal insulin. imHEA-HA was 
administered in a dose of 50 U/kg 2 h before insulin 
irrespective of the disease model. imHEA-HA was 
synthesized at Institute of Pharmacology in collabo-
ration with Scientifi c Future Management Company. 
Immobilization of the enzyme molecules (Scientifi c 
Future Management) was realized on low molecular 
polyethylene oxide (1.5 kDa) by radiation synthesis 
nanotechnology using focused rapid electron fl ow 
[7,10]. Insulin was injected in a dose of 10 U/kg 
in DM1 and in a dose of 5 U/kg in DM2. In DM1 
the preparations were administered on day 8 of ex-
periment. Peripheral blood glucose was measured 
(SmartScan device, Johnson & Johnson) before drug 
injections and 2, 4, 6, and 24 h after insulin injec-
tion. Blood for analysis was collected from the tail 
vessels. Animals were were allowed a free access to 
water and food throughout experiment.

Cell sensitivity to insulin was evaluated in vitro on 
intact liver cells and liver cells preincubated (30 min) 
in culture medium with 0.5 U/kg imHEA-HA. The 
level of hepatic parenchymatous CFU (CFU-H) af-
ter addition of insulin (Sigma) in a concentration of 
0.2 U/ml to culture medium was evaluated on day 
10 of culturing in nutrient medium with high glucose 
concentration (6 mg/ml). Nonadherent round groups of 
at least 50 cells were regarded as CFU-H [11].

The results were processed by methods of varia-
tion statistical using the Student t test and nonparamet-
ric MannWhitney U test.

RESULTS

A course of alloxan injections led to the development 
of stable glycemia and animal death (16% by the end 
of experiment; Table 1). Treatment with the studied 
drugs was associated with a pronounced sugar-redu-
cing effect: imHEA-HA reduced blood glucose in all 
periods of the study, the lowest level (42.7% of con-
trol, DM1) was recorded after 24 h. However, the pa-
rameter did not reach the basal level. In contrast to this 
treatment, parenteral short-acting insulin normalized 
glucose level in the peripheral blood as early as 2 h 
after injection; its corrective effects on hyperglycemia 
were recorded after 4, 6, and 24 h. Preliminary dose 
of imHEA-HA even more increased specifi c activity 
of the hormone. All animals developed hypoglycemic 
coma 2 h after insulin injection; immobilization lasted 
for 8-10 h, mortality after 24 h was 40%. Blood sugar 
concentration during all periods of the experiment was 
signifi cantly lower than after insulin alone and was the 
least after 4 h (1.94 mmol/liter; Table 1).

Similar effects of the drugs were observed on the 
DM2 model. The development of this condition was 
confi rmed by high initial blood glucose levels in CBA/
CaLac mice aged 12-14 months (Table 2). Drug treat-
ment of experimental animals led to a signifi cant re-
duction of glucose levels in the peripheral blood. The 
effects of insulin were higher than of imHEA-HA early 
after injection (after 2 and 4 h). However, its norma-
lizing effects on hyperglycemia were less pronounced 
(the maximum reduction, by 2.4 times, was recorded 
only 2 h postinjection) than in DM1 (maximum 5-fold 
reduction 2 h postinjection). Similarly as in DM1, the 
most signifi cant correction was attained in case of 
combined use of the drugs. The changes were statisti-
cally signifi cant only 2 h after injection (Table 2). This 

TABLE 1. Dynamics of Peripheral Blood Glucose (mmol/liter) in 2-Month-Old Male CBA/CaLac Mice with Alloxan-Induced 

DM Treated with imHEA-HA, Insulin, or in HEA-HA in Combination with Insulin (X±m)

Group
Basal 
level

DM 
(before 

imHEA-HA) 
(7:45)

Before insulin 
(in groups 2 
and 4 after 
imHEA-HA) 

(10:00)

2 h 
after insulin 

(12:00)

4 h 
after insulin 

(14:00)

6 h 
after insulin 

(16:00)

24 h 
after insulin 

(10:00)

1 (control; DM) 29.66±1.57* 24.36±2.51* 21.10±1.13* 32.88±0.42* 30.48±1.37*

2 (imHEA-HA) 7.78±0.23 28.54±1.07* 16.78±2.74*+ 10.02±2.70+ 13.42±2.43*+ 31.20±1.08* 13.02±1.07*+

3 (insulin) 26.64±1.88* 4.91±1.25*+ 3.96±0.66*+ 17.71±3.97*+ 17.64±1.94*+

4 (insulin+ 
imHEA-HA) 19.44±2.71*+о 2.08±0.12*+о 1.94±0.16*+о 3.90±0.68*+о 9.17±0.43*+о

Note. Protocol of drug administration and registration of results: 7:45: glucose measurements in all groups (DM); 8:00: imHEA-HA injections 

in groups 2 and 4; 10:00: glucose measurements in all groups; insulin injections in groups 3 and 4; 12:00, 14:00, 16:00, 10:00: glucose 

measurements in all groups. p<0.05 vs. *basal level, +control (group 1), ogroup 3. Basal level: intact animals.
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fact can be explained by extremely severe disorders 
of the receptor system of insulin-sensitive cells to the 
ligand in old animals, which was in line with modern 
concepts on the key role of low sensitivity of insulin 
receptors in DM2 [3,6].

These results attest to signifi cant potentiation of 
the specifi c effect of exogenous insulin and possible 
potentiation of the effects of endogenous hormone by 
imHEA-HA [9], this determining intrinsic hypoglyce-
mic activity of the drugs.

In order to test the hypothesis on the relationship 
between these phenomena and the modulatory effect 
of imHEA-HA on target cell sensitivity to insulin, 
we carried out in vitro studies on hepatic cell culture, 
because glucose absorption by these cells is an insulin-
dependent process [1]. Addition of the hormone to the 
culture medium increased signifi cantly the CFU-H 
output (to 153.2% of control). Preincubation of cells 
with imHEA-HA more markedly stimulated colony 
formation under these conditions (Fig. 1): to 175.8 and 
269.4% of the value in cultures without imHEA-HA 
in medium with insulin and in the control (without 
insulin), respectively.

Hence, imHEA-HA exhibited pronounced hypo-
glycemic activity in insulin-dependent DM and in spon-
taneous age-associated hypoglycemia (DM2). The me-
chanism of its effect consisted in modifi cation of the 
properties of endogenous insulin receptors [6,9,13] 
paralleled by stimulation of target cell sensitivity to 
the ligand. On the other hand, stimulation of the thera-
peutic effects of exogenous insulin by imHEA-HA 
indicated good prospects for creation of a complex 
sugar-reducing drug. In addition, the phenomenon of 
imHEA-HA potentiation of progenitor cell stimulation 
by growth factors (for example, by insulin) suggested 
the involvement of this mechanism in the realiza-
tion of the regenerative characteristics of modifi ed 
enzyme [4,10].

The study was supported by Federal Target 
Pro gram Research and Pedagogical Cadres of In-
novation Russia for 2009-2013 (state contract No. 
02.740.11.0781) and Development of Pharmaceutical 

and Medical Industry of the Russian Federation up to 
the year 2020 and Further Prospects (state contract 
No. 16,N08.12.1008).

REFERENCES

 1. Biochemistry. Manual for Higher School, Ed. E. S. Severin [in 
Russian], Moscow (2003).

 2. E. D. Goldberg, A. M. Dygai, G. N. Zyuz’kov, et al., Klet. 
Tekhnol. Biol. Med., No. 2, 115-119 (2007).

 3. I. I. Dedov, M. V. Shestakova, and M. A. Maksimova, Federal 
Target Program “Diabetes Mellitus”. Methodological Recom-
mendations [in Russian], Moscow (2002).

 4. A. M. Dygai, G. N. Zyuz’kov, V. V. Zhdanov, et al., Vestn. 
Rossiisk. Akad. Med. Nauk, No. 11, 6-9 (2009).

 5. A. M. Dygai, G. N. Zyuz’kov, V. V. Zhdanov, et al., Klet. 
Tekhnol. Biol. Med., No. 3, 146-150 (2011).

 6. A. V. Artamonov, A. A. Bekarev, E. I. Vereshchagin, et al., 
Patent No. 2416427 of the Russian Federation, Hypoglycemic 
Agent for Insulin-independent Diabetes Mellitus, Byull. Izo-
bret., No. 11 (2011).

 7. A. V. Artamonov, A. A. Bekarev, E. I. Vereshchagin, et al., Pat-
ent No. 2421239 of the Russian Federation, Agent Stimulating 
the Effects of Bioactive Substances and Drugs, Byull. Izobret., 
No. 17 (2011).

Fig. 1. Intensity of CFU-L growth from intact liver cells of CBA/Ca-
Lac mice in culture medium without insulin (1), with insulin (2), and 
from liver cells treated by imHEA-HA and insulin (3). Confidence 
intervals at p≤0.05.

TABLE 2. Dynamics of Glucose Levels in the Peripheral Blood of 12-14-Month-Old CBA/CaLac Mice with Insulin-Independent 

DM Treated with imHEA-HA, Insulin, and imHEA-HA in Combination with Insulin (X±m)

Group Basal level
Before insulin 

(10:00)
2 h after 

insulin (12:00)
4 h after 

insulin (14:00)
6 h after 

insulin (16:00)
24 h after 

insulin (10:00)
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Insulin+
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Note. p≤0.05 in comparison with: *control, +insulin alone.
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