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YACON'’S (SMALLANTHUS SONCHIFOLIUS POEPP. & ENDL.)
EFFECTS ON POSTPRANDIAL GLUCOSE UNDER
EXPERIMENTAL DIABETES MELLITUS

The article describes the finding of the research yacon leaves and root tubers water extracts as well as yacon root
tubers suspensions effects on glucose tolerance in animals with experimental diabetes mellitus. It has been shown that
the studied yacon extracts and suspensions at the dose of 0.5 g/kg produce significant hypoglycemic effect under the
experimental diabetes mellitus. The glucose tolerance test and the analysis of the area under the glycemic curves have

revealed that yacon root tubers in the form of a stabilized suspension exert the best hypoglycemic effect.
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INTRODUCTION

Epidemiological and clinical studies have revealed
that exogenously-induced postprandial hyperglycemia af-
fects the development of diabetes mellitus, as well as in-
creases the risk of its complications [3].

In recent years functional food intake has raised sig-
nificantly throughout Europe, North and South Americas,
Japan and other countries. Such foods have a considerab-
le potential for the food industry. They are essential for
food structural improvements, for maintaining health and
for prevention of modern civilization diseases such as athe-
rosclerosis, obesity, oncological diseases, osteoporosis and
diabetes mellitus (DM) [12].

Functional foods contain components that can be eli-
minated, enriched or substituted in nutrients (macro- and
micronutrients) and biologically active substances. Foods
are considered functional if they are enriched by dietary
fibers, prebiotics and probiotics of microorganisms (Bi-
fidobacterium and Lactobacillus), antioxidants, vitamins
(A, E, C, beta-carotene), minerals (calcium etc.), micro-
elements (iron, zinc, fluorine, selenium etc) and flavo-
noids (phytoestrogens, quercetin etc.) [8].

In functional foods, special attention is devoted to
inulin-containing medicinal plants, which are increasing-
ly used in the diet of persons with diabetes. Inulin is an
polysaccharide of root tubers, which consists of D-fructo-
furanose residues linked by (3-2,1-glycosidic bonds. The
polysaccharide chain ends with a-D-glucopyranose resi-
due. As for dietary properties of inulin, they are caused by
that B-2,1-glycoside linkage. Since human enzymes are
not capable of cleaving the bond, inulin remains intact
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while going through almost the whole gastrointestinal
tract up to the large intestine where it is cleaved by Bifido-
bacterium enzymes.

Inulin is a soluble dietary fiber that inhibits the rate
of nutrients absorption, thus promoting more equal in-
sulin secretion after food consumption and, accordingly,
more gradual increases and decreases in the level of blood
sugar [18].

Yacon (Smallanthus sonchifolius Poepp. & Endl. or
Polymnia sonchifolia Poepp. & Endl.), an inulin-containing
plant, is a potential source of functional foods. It has been
recorded in the literature that water extracts of yacon
leaves have been used for centuries by the indigenous
people of the Andes for DM treatment. In modern medi-
cine, the fact that biologically active substances of yacon
leaves reduce the level of peripheral blood glucose was
first revealed in 1997 [9]. Later on, in the 21-st century,
the hypoglycemic effect of the water extract of yacon lea-
ves was proved by findings on the model of type 1 expe-
rimental diabetes mellitus (EDM) [1, 9].

The overall aim of the present study was to search
the effects of the water extract of yacon leaves, the ext-
ract and suspension of yacon root tubers on glucose tole-
rance under type 1 experimental diabetes mellitus.

MATERIALS AND METHODS

Experimental Animals

The experimental study has been carried out on Wis-
tar rats with the weight of 130-180 g in accordance with
general ethical standards for experiments performed on
animals laid down by the First National Congress on Bio-
ethics (Kyiv, Ukraine, 2001), which conform to the pro-
visions of the European Convention for the Protection of
Vertebrate Animals Used for Experimental and other Sci-
entific Purposes (Strasbourg, France, 1985) and the Law
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of Ukraine on protection of animals against cruel treat-
ment (dated 26 February 2006).

The following groups of animals were used in the expe-
riment: 1) control animals (C); 2) control animals that we-
re treated orally with water extract of yacon leaves at do-
ses 0.07 g/kg /day (C +E,”®) and 0.5 g/kg / day (C + E,>°);
3) control animals that were treated orally with water
extract of yacon root tubers at doses 0.07 g/kg /day
(C + EZ’®) and 0.5 g/kg / day (C + Eg5%); 4) control ani-
mals that were treated orally with water suspension of
root tubers powder (C + S) and with water suspension of
root tubers powder stabilized by biocomplex PS (C + S*5);
5) animals with experimental diabetes mellitus (DM);
6) animals with diabetes that were treated orally with
yacon leaves water extract at doses 0.07 g/kg /day (DM +E, ")
and 0.5 g/kg /day (DM + E,;5°°); 7) animals with diabetes
that were treated orally with yacon root tubers water extract
at doses 0.7 g/kg /day (DM + E;”°) and 0.5 g/kg /day
(DM + E5%%); 8) animals with diabetes that were treated
orally with water suspension of root tubers powder
(DM + S) and with water suspension of root tubers pow-
der stabilized by biocomplex PS (DM + S*5).

Induction of Diabetes

Type 1 EDM was induced by an intraabdominal in-
jection of streptozotocin (“Sigma”, the USA) in the dose
of 0.055 g per 100 g of body weight. Glucose concentra-
tions in blood were measured by the electrochemical glu-
cometer. The animals used in the experiment had gluco-
se levels of 14 mmol/I and higher (after going without
food for 18 hours). Yacon water extracts or suspensions
were administered to the animals per os in two weeks
after the induction of EDM.

Preparation of Water Extracts

During the first stage, yacon leaves and root tubers
were used in the experiment to produce water extracts by
infusion of certain parts of the plant (the ratio was 1:10)
in two consecutive phases: 15 min at 100 °C and 45 min
at 20 °C. The extracts were filtered and vaporized in the
vacuum to receive dry remnant by LABOROTA 4001 ro-
tor vaporizer (Heidolph, Germany) at 60-65 °C. The va-
porized yacon extract infusions were administered to the
animals per os in the dose of 0.07 g/kg and 0.5 g/kg of
body weight for 14 days.

Preparation of Water Suspension of Root Tubers

Powder

Suspension made of yacon root tubers was used du-
ring the second stage of the experiment. It was received
by mixing homogeneous powdered root tubers with water.
Surface-active substances of biogenic origin (biocomp-
lex PS) in the concentration of 0.1 ml per 1 ml of the sus-
pension were added to the suspension to increase its sta-
bility and bioavailability of biologically active substances.
Surface-active biocomplex PS was collected from the su-
pernatant of the culture liquid of Pseudomonas sp. PS-17
strain. The obtained suspension and its stabilized form
were administered to the animals per os in the dose of
0.5 g/kg of body weight for 14 days.

Glucose Tolerance Test Assay

The glucose tolerance test was performed in the mor-
ning after an 18-hour fasting of the animals. Glucose le-
vels were determined from the blood taken from rat tail
veins before and after the hydrocarbon load. The graph,
a glycemic curve, was constructed based on the obtained
results. It shows the rate of glucose assimilation and how
the introduction of yacon extracts and suspensions affects
the level of blood sugar (the null point is on an empty sto-
mach, in 10, 20, 30, 40, 50 and 60 min after glucose taking).

The calculated integral index of the area under the
glycemic curve (AUCglu), which shows a general increase
in glucose concentrations after glucose consumption, ser-
ved as the criterion for the total response to the stan-
dard glucose tolerance test. The area under the glycemic
curve was calculated by the trapezoid rule [17].

Statistical Analysis

Data are expressed as mean * S.E.M. Differences among
experimental groups were determined by ANOVA (analy-
sis of variance), and the significance of between-group
differences assessed by Student-Newman-Keul’s multiple
range test. Significance was defined at P < 0.05.

RESULTS AND DISCUSSION

Previously performed screenings had revealed sig-
nificant effects of yacon water extracts made from petio-
les, stems, leaves, root tubers and root tubers peels on glu-
cose tolerance in healthy animals in the dose of 0.07 g/kg
of body weight [10]. Considering obtained results, we de-
cided to conduct a study of influence of extracts with most
prominent hypoglycemic effect on the efficiency of car-
bohydrates digestion under the condition of EDM.

The glucose tolerance test is accurate for clinical diag-
nosis of diabetes mellitus since it checks the rate of glu-
cose assimilation in the organism and establishes distur-
bances in this process [12].

It has been revealed that glycemic curves were con-
siderably changed in animals with EDM. It was establi-
shed a dramatic increase in glucose concentrations after
glucose loading in their blood on the 10-th minute and a
further increase on the 20-th min of the experiment. As
for control animals, the maximal glucose concentration
was on the 20-th min and a full return to the initial level
of glucose was noted on the 30-th min of the experiment,
whereas under EDM glucose concentrations were back
to normal on the 50-th min (Fig. 1 A). Such changes in
glycemic curves under EDM caused a 2.42 times increase
in the area under the glycemic curve, which testifies the
disturbances in the efficiency of glucose assimilation by
tissues under the studied pathology (Fig. 1 B).

When animals with EDM were treated with yacon
leaves water extract in the dose of 70 and 0.5 g/kg, the initial
level of glucose decreased correspondingly by 11.65 %
and 40.05 %. After glucose loading and when the extract
was administered in the dose of 0.7 g/kg, there was a
slight increase in the level of glucose on the 10-th min
followed by its dramatic decrease to the initial values.
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Fig. 1. A) Changes in the glucose concentration in the blood of healthy animals and animals with EDM after
carbohydrate loading. B) The area under the glycemic curves of healthy animals and animals with EDM
(M + m, n =4-8): *P < 0.05 compared with controls; #P < 0.05 compared with diabetic rats without water
extracts or water suspension consumption; *#P < 0.05 compared with the control and diabetic rats without
water extracts or water suspension consumption

When the extract was administered in the dose of 0.5 g/kg,
there was no peak of glucose concentration and its level
was almost the same as the basal one for an hour (Fig. 2 A).
It also caused a decrease in AUCglu, compared with EDM,
by 44.11 %. On the other hand, the dose of 0.7 g/kg did
not produce such an effect (Fig. 2 B). Therefore, yacon
leaves water extract in the dose of 0.5 g/kg of body weight
brings more significant hypoglycemic effect under the con-
dition of EDM.

The hypoglycemic effect of yacon leaves may be at-
tributed to phenols in their composition such as caffeic,
chlorogenic, ferulic and protocatechuic acids. Phenols in-
hibit alpha-amylase and sucrase, depress the delivery of
glucose to the cells of the gastrointestinal tract by inhi-
biting sodium-glucose transporter-1 (S-GLUT-1). Itis known
that chlorogenic acid inhibits glucose-6-phosphotase, thus
affecting metabolism of hydrocarbons (glycolysis, glyco-
genolysis and gluconeogenesis) [9]. Another active com-
ponent of yacon leaves is enhydrin, sesquiterpene lactone,
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which increases the number of f3 cells in pancreatic is-
lets of rats with streptozotocin-induced DM as well as the
level of insulin mRNA of those cells [2, 9, 15]. The syner-
gistic action of all the compounds leads to the marked
hypoglycemic effect.

The glycemic peak decreased on the 20-th min due
to the introduction of yacon leaves water extract in the
examined concentrations to control animals (Fig. 3 A).
Despite changes in glycemic curves, AUCglu index remai-
ned the same as control values (Fig. 3 B).

Compared with EDM, the introduction of yacon root
tubers water extract in the doses of 0.7 and 0.5 g/kg cau-
sed a decrease in the initial level of glucose by 28.47 %
and 54.04 %. Moreover, the extract in the examined con-
centrations led to unidirectional changes in the character
of glycemic curves. It was estimated an increase in glu-
cose concentration on the 20-th min after the hydrocar-
bonloading followed by its gradual decrease on the 30-th min.
The level of glucose was reaching its initial value on the
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Fig. 2. A) Effect of yacons leaves water extract at doses 0.7 and 0.5 g/kg on blood glucose concentration changes of
diabetic rats. B) The area under the glycemic curves in animals with EDM that were treated with the water
extracts of yacons leaves (0.7 and 0.5 g/kg) (M + m, n = 4-8)
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Fig. 3. A) Effect of yacons leaves water extract at doses 0.7 and 0.5 g/kg on blood glucose concentration changes
of healthy rats. B) The area under the glycemic curves in healthy animals that were treated with the water
extracts of yacons leaves (0.7 and 0.5 g/kg) (M + m, n = 4-8)

50-th min of the experiment (Fig. 4 A). As for the yacon
root tuber water extract in the dose of 500 mg/kg, it exer-
ted more significant hypoglycemic effect, which was tes-
tified by a decrease in AUCglu index by 34.12 %. On the
other hand, when the extract was in its lower dosage, the
area under the glycemic curve was smaller by 24.80 %,
compared with the analogous index in animals with EDM
(Fig. 4 B).

While researching into the hypoglycemic effect of the
yacon root tubers extract in the examined concentrations,
it was revealed that it produces a marked effect on glu-
cose tolerance in healthy animals. The character of the
glycemic curve changed when the extract was introdu-
ced in the dose of 0.7 g/kg - its peak fell and shifted to
the 30-th min. In the dose of 0.5 g/kg, the peak was less
marked (20-th min) and the repeated increase in gluco-
se concentration occurred on the 40-th min after the hydro-
carbon loading (Fig. 5 A). The shift and splitting of the
peak may be attributed to inhibition or slowing-down of
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glucose assimilation in the gastrointestinal tract under
the action of biologically active substances of yacon root
tubers. A decrease in AUCglu (by 32.74 %, compared with
control) when treated with the dose of 0.7 g/kg also testi-
fied the changes in the hydrocarbon assimilation (Fig. 5 B).

Water was chosen for extraction since it dissolves and
extracts hydrophilic inorganic and organic compounds
better than other solvents. Apart from that, water is a phar-
macologically indifferent, non-flammable, nonexplosive
and, equally importantly, affordable extractant. However,
water has its drawbacks. In particular, it does not dissol-
ve and, correspondingly, does not extract hydrophobic
substances. It does not possess antiseptic properties and,
as a result, microorganisms may be developed in water
extracts. Hydrolytic decomposition of various substances
occurs owing to water, especially at high temperatures.
In addition to that, medicinal substances can be decom-
posed by enzymes in water [4]. Therefore, we have cho-
sen to administer the plant in the form of suspension.
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Fig. 4. A) Effect of yacons root tubers water extract at doses 0.7 and 0.5 g/kg on blood glucose concentration
changes of diabetic rats. B) The area under the glycemic curves in animals with EDM that were treated with
water extract of yacons root tubers (0.7 and 0.5 g/kg) (M + m, n = 4-8)
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Fig. 5. A) Effect of yacons root tubers water extract at doses 0.7 and 0.5 g/kg on blood glucose concentration
changes of healthy rats. B) The area under the glycemic curves in healthy animals that were treated with
water extracts of yacons root tubers (0.7 and 0.5 g/kg) (M + m, n = 4-8)

From the biopharmaceutical point of view, suspension has
anumber of advantages. For example, suspension makes it
possible to produce medicines of prolonged action (a de-
pository of medicinal substances), to regulate the dura-
tion of their action by changes in the size of medicinal raw
materials particles, to use simultaneously both soluble and
insoluble medicinal substances. Suspension allows wider
variations in consumer properties by means of correcti-
ve substances, which mask unpleasant taste and smell of
medicines. Moreover, a number of medicinal substances
display the most marked coating action when used in sus-
pension [6].

The study on glucose loading has revealed that both
forms of yacon root tubers suspensions (stabilized by bio-
complex PS and non-stabilized) cause a considerable dec-
rease in the initial level of glucose, correspondingly, by
39.30 % and 40.13 %. After glucose loading, when trea-
ted with a non-stabilized suspension, there was an incre-

ase of glucose level on the 10-th and 20-th min with fur-
ther decrease on the 30-th min and return to the initial
level already on the 40-th min of the experiment. On the
other hand, a stabilized suspension with glucose loading
led to a slight increase in glucose concentrations on the
10-th min. On the 20-th-50-th min, the glucose level was
within the basal value. It should be noted that on the 60-th
min of the experiment the sugar level in blood was lower
than at the beginning of the glucose loading. Compared
with EDM, AUCglu index decreased, correspondingly, by
43.21 % and 47.04 % as a result of changes in glycemic
curves following the administration of the non-stabilized
and stabilized suspensions (Fig. 6).

Suspensions made of yacon root tubers exerted a mar-
ked hypoglycemic effect on the control groups of animals.
When such suspensions were administered following glu-
cose loading, there were no considerable fluctuations in
glucose concentrations. The administration of both non-
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Fig. 6. A) Effect of yacons root tubers water suspensions on blood glucose concentration changes of diabetic rats.
B) The area under the glycemic curves in animals with EDM that were treated with the water
suspensions of yacons root tubers (M # m, n = 4-8)
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Fig. 7. A) Effect of yacons root tubers water suspensions on blood glucose concentration changes of healthy rats.
B) The area under the glycemic curves in healthy animals that were treated with the water
suspensions of yacons root tubers (M # m, n = 4-8)

stabilized and stabilized forms of the suspensions caused
a decrease in AUCglu, correspondingly, by 17.83 % and
19.75 %, compared with the control (Fig. 7).

The phytochemical study of yacon root tubers has
indicated that they contain phenol compounds (caffeic,
chlorogenic and ferulic acids), L-tryptophan (an essen-
tial amino acid) and fructooligosaccharides (FOS), mostly
inulin [7, 11]. The essential amino acid L-tryptophan nor-
malizes tolerance to hydrocarbons, increases the level of
insulin and, as a result, decreases the level of hypergly-
cemia. It is also known that L-tryptophan exerts positi-
ve effects on carbohydrate metabolism in hepatocytes due
to increased activity of glucokinase, hexokinase and glu-
cose-6-phosphate dehydrogenase, which are the key en-
zymes of the carbohydrate exchange [16].

The fact that yacon root tubers produce the most sig-
nificant hypoglycemic effect may be attributed to a high
FOS content. Such compounds change the kinetics of macro-
nutrients absorption, especially of carbohydrates. FOS mo-
lecules, which are not decomposed in the stomach, ab-
sorb a great amount of ingest glucose and, consequently,
interfere with its absorption into blood, which promotes a
decrease in the level of blood sugar after meals. The stab-
le decrease in the level of glucose causes normalization
of self insulin production by pancreatic cells. Furthermo-
re, FOS are hydrolyzed into smaller fragments and free
fructose by intestine microflora. Fructose metabolism does
not need insulin, which allows to avoid the “energy hun-
ger” of cells and return the metabolism of diabetics to nor-
mal. Moreover, short fragments of FOS molecules by in-
serting into the cell membrane facilitate the transporta-
tion of glucose into the cell [14]. FOS also modulates con-
centrations of such peptides as GIP (glucose-dependent
insulinotropic polypeptide) and GLP-1 (glucagon-like pep-
tide 1) which-regulate insulin release after meals [5].

The findings of the research into the hypoglycemic
effects of yacon water extracts and suspensions may be-

come useful for the development of functional foods, which
will allow to avoid harmful effects of hyperglycemia un-
der DM.

CONCLUSIONS
The comparative analysis of hypoglycemic effects pro-
duced by the ground and root parts of yacon, which have
been evaluated by the glucose tolerance test and the area
under glycemic curves, indicates that the best hypogly-
cemic effect is brought about by yacon root tubers when
they are used in the form of stabilized suspensions.
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HaBepeHi pe3ybTaTy A0CIiAXKeHb BIVIMBY BOAHUX €KCTPAKTIB JIMCTS | KOpeHeBUX Oy/1b0 AKOHY Ta
cycrneH3ill kopeHeBHX OyJib6 IKOHY Ha TOJIEPAaHTHICTb |0 TJIIOKO3U Y TBapUH 3 eKCllepUMeHTa/IbHUM
1ykpoBuM ziabetom (EL/L). [TokasaHo, 1110 AOC/iAKYBaHi EKCTPAKTH Ta CycreHsii skoHy y 1031 500 Mr/kr
BOJIOZ{IOTh BUPQXKEHOI0 TilOIIiKeMiuHO0 [Jli€l0 32 yMOB €KCIIEpUMEHTAIbHOI0 LIyKPOBOTO JliabeTy.
Ha ocHOBI IpoBeieHUX TeCTIB TOJIEPAHTHOCTI J10 IJIFOKO3H Ta aHali3y IJIOL MiJ| IJIiIKeMiYHUMHA KpUBUMHU
BCTAHOBJIEHO, 1110 HAMKpallja rinoryikeMiyHa /jisi npuTaMaHHa KOpeHeBUM Gy/ib6aM IKOHY y popmi
cTabiynizoBaHoi cycneHsii.

KirouoBi cioBa: sikon (Smallanthus sonchifolius Poepp. & Endl.); ykpoBuii iiabeT; rinorsiikeMiuHu1NA epeKT
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A. B.TopGynunckas, M. P. Xoxua, I. fI. FaukoBa, H. A. Cu6upHas

BIUSIHUE IKOHA (SMALLANTHUS SONCHIFOLIUS POEPP. & ENDL.) HA IOCTIIPAHAUAJ/IbHBIN
YPOBEHbD IJTIOKO3bI B YCJ/IOBUAX DKCIIEPUMEHTAJIBHOI'O CAXAPHOI'O IUABETA

Adpeca 0415 nucmyeaHHsi:

[IpescTaBJieHbl JaHHbIE O BJUSIHUH BOJHbBIX 9KCTPAKTOB JIMCTHEB U KOPHEBBIX K/IyOHEH SIKOHA, 2 TaK-
Ke CyClIeH3Ul KOPHEBBIX KJIyGHEH SIKOHA Ha TOJIEPAHTHOCTb K [VIIOKO3€ Y )KUBOTHBIX C 3KCIIEPUMEHTAJb-
HbIM caxapHbIM nabetoM (ELZT). [TokasaHo, YTO UCCIe[yeMble SKCTPAKThI M CYCIIEH3UH SIKOHA B 103€
500 Mr/Kr 06J1a/1al0T BbIpaXKEHHBIM 'MIIOIVIMKEMHUYECKUM JIeICTBHEM B YCJIOBUSX SKCIIEPUMEHTAJIb-
HOTO caxapHoro Auatera. Ha ocHoBe NpoBe/IeHHbIX TECTOB TOJIEPAHTHOCTH K IVIIOKO3€ U aHa/In3a
IJIOIA/M IO/, IJIMKEMHUYeCKUMH KPUBBIMHU YCTAHOBJIEHO, YTO 60Jiee BbIPaXKEHHBIM CaxapOCHUKalo-
UM JeHCTBUEM 00/1a1al0T KOPHEBbIEe KJIYOHU IKOHA B GOpMe CTaGUIM3UPOBAHHON CYCIIEH3UU.
KniwoueBble cinoBa: sikoH (Smallanthus sonchifolius Poepp. & Endl.); caxapHblil AnabeT; rUMoOrInKe-
Muyeckuid s ekt
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