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INTRODUCTION

Diabetes mellitus is one of the most common metabolic 
diseases, characterized by increased glucose levels, insulin 
deficiency, or low insulin sensitivity. A diabetic syndrome 
is also expressed changes in the activity of lipid, protein, 
and carbohydrate enzymes metabolism.1,2,3An increase of 
pancreatic and intestinal carbohydrases activity was shown 
in alloxan-induced4,5and in streptozotocin-induced diabetic 
rats.6,7

Currently, harmless plant substances which affect the activity 
of enzymes of glycolysis, gluconeogenesis, lipid peroxida-
tion, carbohydrate assimilation attract the attention as antidi-

abetic preparations.8,9,10To reduce the causing hyperglycemia 
activity of digestive carbohydrasesturkesteron4,5, acarbose6, 
quercetin7, black chokeberry extract11 and other preparation 
were used. Antidiabetic and hypoglycemic properties were 
also shown for a complex of substances from Alcea rosea. 
seed extract.12It has been suggested obtained from the leaves 
of A. nudiflora prenalon, including various biological active 
compounds with high activity13, might be effective for dia-
betes treatment.

This work aims to study the effect of prenalon on the activ-
ity of intestinal disaccharidases in alloxan-induced diabetic 
rats.
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ABSTRACT
Introduction: It is known that the activity of intestinal enzymes involved in the digestion of carbohydrates increases in diabetes 
mellitus. An increase of intestinal brush bolder maltase, sucrase, and lactase activity was shown in experimental diabetes and 
hyperglycemia. To reduce the activity of intestinal carbohydrates various herbal preparations are used.
Objective: This work aims to study the effect of prenatal on the activity of intestinal disaccharidases in alloxan-induced diabetic 
rats.
Material and Methods: White outbred rats were divided into the control and experimental groups to receive a single injection 
of saline, or alloxan monohydrate (150 mg/kg) (intraperitoneal) respectively. Further, experimental animals with high glucose 
levels were divided into the experiment I and experiment II groups. Control and experiment 1 group rats were injected with saline. 
Experiment 2 group rats were injected with prenatal (5mg/kg/24 h) for 30 days. The glucose level and intestinal disaccharidases 
activity were determined by using a glucometer and special kits (Human, Germany) respectively.
Results: It was found that in experimental diabetes, the activity of the small intestine carbohydrates sharply increased. Injection 
of prenalon to alloxan-induced diabetic rats resulted in stabilizes of glucose level and normalizing of the activities of intestinal 
sucrase, maltase, and lactase.
Conclusion: Administration of prenatal to the alloxan-induced diabetic rats led to the restoration of blood glucose levels and the 
activity of intestinal disaccharidases.
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MATERIALS AND METHODS

Animals
In the experiments, white outbred laboratory male rats 
weighing 200-220 g were used. Animal procedures were 
performed according to Helsinki Declaration of the World 
Medical Association (WMA) “Ethical Principles for Medical 
Research with Human Participation as Research Subjects”, 
adopted at the 18th WMA General Assembly in June 1964, 
and revised at the 64th WMA General Assembly in 2013 
The rats were kept in well-ventilated, clean and bright rooms 
in separate plastic cages 50×30×28 cm3in size 4 animals in 
each. The room temperature was 22-24 °С, the relative air 
humidity was 40-60%. Access to food and drinking water 
was not restricted. The rat’s diet was included the following 
components: grain feed, sunflower seeds, milk, meat, wheat 
bread, vegetables, dry soups.

Experimental design 
At the first stage of the observation, the animals were divid-
ed into control and experimental groups. Before modelling 
diabetes rats of experimental groups have been fasting for 
two days with unlimited access to water. Then the animals of 
the experimental group were injected intraperitoneally with 
a solution of alloxan monohydrate (DIAEM, OOO, Russia, 
150 mg/kg) and the animals of the control group were in-
jected with an equal volume of saline at the same time in the 
same manner. On the 12th day of observation, blood from 
the tails was analyzed for glucose levels in all animals. Only 
experimental rats with a blood glucose level of around 200 
mg% were taken for the next stage of observation. Further, 
animals with high glucose levels were evenly divided into 
two groups (experiment I and experiment II). During 30 
days the control and alloxan-induced diabetic rats of the first 
experimental group (experiment I) were injected subcutane-
ously with saline. The alloxan-induced diabetic rats of the 
2nd experimental group (experiment II) were also injected 
subcutaneously with the same volume of prenalon solution 
(5.0 mg/kg/24 h)  in the morning between 8-10 hours for 
30 days.  The day when the rats began to receive prenalon 
was accepted as the 0th day of the experiment. Animals were 
sacrificed by decapitation in the morning between 8 and 10 
o’clock on 5th, 10ht, 20th, and 30th days after prenalon ad-
ministration. Before sacrification, the animals were starved 
for 24 hours. Immediately after decapitation and opening 
of the abdominal cavity, the small intestine was removed, 
cleaned from the mesentery, and washed with 20-30 ml of 
Ringer’s solution (pH-7.4). Then, the intestine was cut open 
and the mucosa was separated with a plastic spatula and 
placed in the tube. Ringer’s solution was poured into each 
containing mucosa tube in a ratio of 1:9. Obtained samples 
were homogenized using a Teflon/glass homogenizer within 
1 minute at 300 rpm. All processes were performed in cold 
conditions.

Biochemical analysis
The blood glucose level was determined using a glucometer 
(Accu-Chek active (Roche Diagnostics, Switzerland).

To determine the activity of intestinal enzymes, 2% solutions 
of lactose, sucrose, and maltose (Reagent, Sigma) were used 
as a substrate. The activities of lactase (EC 3.2.1.23), sucrase 
(EC 3.2.1.48), and maltase (EC 3.2.1.20) of the small intes-
tine were  determined using a complex of reagents (Human, 
Germany) by the glucose oxidasemethod.14 The enzyme 
activity was calculated per gram of tissue concerning the 
amount of reducing glucose (µmol) for 1 minute.

Statistical Analysis
The arithmetic mean (M), standard error (m), t coefficient, 
and statistical significance value (P) were determined. If the 
P-value was less than 0.05, the difference between the two 
groups was considered statistically significant.

RESULTS 

Glucose level 
It is turned out that the level of glucose in the rat blood was 
increased 3.5, 3.3, 4.1and 3.1-fold on the 5th, 10th, 29th, and 
30th days observation respectively in alloxan-induced dia-
betic rats compared with the non-diabetic rats. Administra-
tion to alloxan-induced diabetic animals prenalon (5.0 mg/
kg/24 h) led to a markedly decrease of blood glucose level 
although it remained above the control values. However, in 
the experiment I group of rats, the blood glucose level was 
decreased by 45.1% on the 5th day, by 62.6% on the 10th 
day, by 64, 6% on the 20th, and by 53.8% on the 30th day of 
observation compared to the experiment I group (Table 1).

Table 1: Blood glucose level (Mmol/l) in control, 
alloxan-induced diabetic rats and in treated with 
prenalon alloxan-induced diabetic rats
Animal groups Days of observation

5th 10th 20th 30th

Control
%

4.9±0.8
100.0

5.6±0.6
100.0

5.2±0.4
100.0

5.1±0.7
100.0

Experiment I
Р 
%1

17.3±0.6
<0.001
353.1

18.2±0.8
<0.001
325.0

21.2±0.7
<0.001
407.7

15.6±0.9
<0.001
305.9

Experiment II
Р
% 

9.5±0.8
<0.001
193.9

6.8±0.4
>0.1
121.4

7.5±0.5
>0.005
144.2%

7.2±0.6
<0.001
141.2

Experiment I - alloxan diabetes group; Experiment II  - alloxan 
diabetes + prenalon group, P - statistical significance between 
control and experimental groups.

Maltase activity
In alloxan-induced diabetic rats maltase activity was in-
creased by 32.6%, 95.3%, 81.2%, and 68.0% on the 5th, 10th, 
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20th, and 30th days of the experiment, respectively, compared 
to the control group. Administration of prenalon to alloxan-
induced diabetic rats led to a normalization of the enzyme 
activity by the end of the experiment. The decrease of the 
intestinal maltase activity in the experiment II group on the 
5th, 10th, 20th 30th days of the treatment with prenalon was 
4.1%, 16.5%, 24.6%, and 35.5% respectively compared to 
the experiment I group (Table 2).

Table 2: The activity of intestinal maltase (μmol/g 
tissue/min) in control, alloxan-induced diabetic rats 
and in treated with prenalon alloxan-induced dia-
betic rats (Mean ± SEM; n=6) 
Animal groups Days of observation

5th 10th 20th 30th

Control
%

47.3±3.1
100.0

42.5±2.6
100.0

46.2±4.1
100.0

43.1±3.5
100.0

Experiment I
Р 
%1

62.7±5.3
<0.02
132.5%

83.0±7.2
<0.001
195.3%

83.7±6.5
<0.001
181.2%

72.4±4.2
<0.001
168.0%

Experiment II
Р
% 

60.1±5.3
<0.05
127.1

69.3±5.2
<0.001
163.1

63.1±4.7
<0.02
136.1

46.7±4.0
>0.5
108.1

Experiment I  - alloxan diabetes group; Experiment II  - al-
loxan diabetes + prenalon group, P -  statistical significance 
between control and experimental groups

Sucrase activity
It was noted that the intestinal sucrase activity in the 1stex-
perimental group animals significantly increased in com-
parison with control animals. Increasing of sucrase activity 
in alloxan-induced diabetic rats was  31.7% on the 5th day, 
39.3% on the 10th day,  42.2% on the 20th day, and 40.6% on 
the 30th day of the experiment in comparison with control. 
Administration of prenalon resulted in a gradual approxima-
tion of sucrase activity to control value.  On the 30th day of 
the experiment, the sucrase activity in diabetic rats treated 
with prenalon was identical to those in the control one. In the 
experiment II group rats, a decrease of the intestinal sucrase 
activity compared to the experiment I group was statistically 
significant on the 20th  and 30th days of the experiment (Ta-
ble 3).

Table 3: The activity of intestinal sucrase (μmol/g tis-
sue/min) in control, alloxan-induced diabetic rats 
and in treated with prenalon alloxan-induced dia-
betic rats  (Mean ± SEM; n=6)
Animal groups Days of observation

5th 10th 20th 30th

Control
%

6.3±0.4
100.0

6.1±0.5
100.0

6.4±0.4
100.0

6.9±0.5
100.0

Animal groups Days of observation

5th 10th 20th 30th

Experiment I
Р 
%1

8.3±0.4
<0.01
131.7%

8.5±0.4
<0.01

139.3%

9.1±0.8
<0.05
142.1%

9.7±0.7
<0.01

140.6%

Experiment II
Р
% 

7.8±0.5
>0.25
123.8

7.5±0.4
>0.25

123.0	

7.2±0.5
>0.2

112.5	

7.2±0.6
>0.5
104.3

Experiment I - alloxan diabetes group; Experiment II  - alloxan 
diabetes + prenalon group, P -  statistical significance between 
control and experimental groups

Lactase activity
Small intestine lactase activity in alloxan-diabetic animals 
was increased by 45.6%, 87.7%, 62.7%, and 55.6%, respec-
tively, on the 5th, 10th, 20th, and 30th days of the experi-
ment compared to the control group (Table 4).  Treatment 
of diabetic rats with prenalon also led to a gradual decrease 
of enzyme activity which was reached the control value by 
the end of observation. After administration of prenalon to 
the 2nd experimental group rats, the lactase activity was de-
creased by 14.1%  on the 5th day, by 18.0% on the 10th day, 
by 14.6% on the 20th day, and by 23.5% on the 30th day of 
observation compared to the experiment I  group rats (4). 

Table 4: The activity of intestinal lactase (μmol/t tis-
sue/min)in control, alloxan-induced diabetic rats 
and in treated with prenalon alloxan-induced dia-
betic rats  (Mean ± SEM; n=6) 
Animal 
groups

Days of observation

5th 10th 20th 30th

Control
%

0,68±0,05
100,0

0,65±0,03
100,0

0,59±0,04
100,0

0,63±0,06
100,0

Experiment I
Р 
%1

0,99±0,09
<0,01

145,6%

1,22±0,1
<0,001
187,7

0,96±0,07
<0,001
162,7

0,98±0,04
<0,001
155,6

Experiment II
Р
% 

0,85±0,07
>0,1
125.0

1,0±0,09
<0,005
153.8

0,82±0,07
<0,02
139.0

0,75±0,06
>0,2
119.0

Experiment I  - alloxan diabetes group; Experiment II  - alloxan 
diabetes + prenalon group, P -  statistical significance between 
control and experimental groups
So, by the end of the experiment, the activity of all brush bor-
der disaccharidases was significantly decreased in treated with 
prenalon diabetic rats compared with untreated diabetic rats.

DISCUSSION

In this study, the possibility of the correcting effect of 
prenalon on the activity of intestinal enzymes involved in 

Table 3: (Continued)
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the final stage of the carbohydrate digestion in alloxan dia-
betes of male adult rats was studied. Obtained data show an 
increase in blood glucose level as well as activity of intes-
tine disaccharidases in alloxan-induced diabetic rats. Simul-
taneous changes of both blood glucose level and intestinal 
disaccharidases activity supposed, the increase of disac-
charidases activity is contributing to the hyperglycemia in 
alloxan-induced diabetic rats.  An increase in the activity of 
enteral disaccharidases in experimental diabetes was also 
identified in streptozotocin-induced diabetes.7 However, the 
authors did not describe the possible mechanisms of enteral 
disaccharidases activity induction in diabetes or hypergly-
cemia. In diabetes despite the increased glucose level in the 
blood, its level is lowered in other body tissues.15 Probably 
glucose hunger of the major body cells leads to an increase 
in the activities of intestinal disaccharidases through a nerv-
ous and humoral feedback mechanism. However, this as-
sumption requires additional experimental researches. An 
endocrine system including the hypothalamus, pituitary, 
adrenal, thyroid, parathyroid, and other glands is impaired 
in diabetes mellitus.16Diabetes-related deficiency of thyroid-
stimulating and/or thyroid hormones could also lead to an 
increase in intestinal lactase activity.17,18. The change in the 
hydrolytic activity of brush bolder disaccharidases could be 
also due to structural disorders in the mucous membrane of 
the small intestine in alloxan-induced diabetes rats.8,19Many 
plant compounds attract the attention of specialists because 
concerning the human or animal organism they have a wide 
spectrum of biological activity, due to the diversity of their 
chemical structure3,8,20. Medicinal plants which possess anti-
oxidants activity usually has hypoglycemic activity because 
oxidative stress plays a major part in diabetes development 
and treatment.4-13,20Taken from A. nudiflora leaves prenalon 
includes polyphenols, tocopherols, carotenoids, sterols, ter-
penoids, and other substances with pharmacological effects 
on the metabolic processes.13According to the obtaining re-
sults prenalon has a certain corrective effect on the reduction 
of blood glucose level and activities of intestinal disacchari-
dases in alloxan-induced diabetic rats.  Taking all these data 
together, it is suggested that the prenalon could be a potential 
therapeutic agent for a decrease of glucose level and disac-
charidases activity against diabetes.

CONCLUSION

Association between increase of blood glucose level and ac-
tivity of intestinal disaccharidases in diabetic rats shows the 
efficiency of sugar hydrolysis in the small intestine contrib-
utes to the increase of blood glucose level. Administration of  
prenalon to alloxan-induced diabetic rats results in a decrease 
in both blood glucose level and intestinal disaccharidases ac-
tivity. It also confirms the regular functional relationships be-
tween blood glucose level and the ability of the small intestine 

to assimilate carbohydrates. In addition, these data indicate 
that prenalon could be a candidate for a decrease of blood glu-
cose level and/or enteral disaccharidases activity.

These positive results were obtained in animal studies. 
Therefore, further research is needed to identify the mecha-
nisms through which prenalon works to acceptably address 
safety concerns. It is hoped that this study will revive interest 
in the hypoglycemic properties of prenalon and serve as an 
impetus for broader research.
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