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ABSTRACT

Background: Diabetes mellitus is one of the most prevalent diseases worldwide and is associated
with many complications. While there are many drugs available to control blood glucose levels, many
people cannot access them due to economic reasons. Object: The aim of this study was to determine
the hypoglycemic effect of the ethanolic extract of Chuquiraga weberbaueri in mice induced with
hyperglycemia. Methods: The mice were divided into 6 groups: the first group served as a control group
and was administered only physiological saline solution; the second group was induced to hyperglycemia
with Alloxan. The following three groups were induced with Alloxan and additionally administered
ethanolic extract of Chuquiraga weberbaueri at different concentrations of 100 mg/kg, 250 mg/kg, and
500 mg/kg respectively. The last group was administered Alloxan and glibenclamide. The glucose levels
were measured for each group at 2, 4, and 24 hours after administering the extracts. Results: The
phytochemical analysis of the ethanolic extracts of the leaves of Chuquiraga weberbauer showed the
presence of flavonoids, tannins, alkaloids and steroids. The ethanolic extracts (100 mg/kg at 2 hours and
250 mg/kg at 2 and 4 hours) demonstrated a decrease in blood glucose compared to the control group. In
the toxicity test, the comparison between the control group and the “extract” treatment group showed
that no conclusive results were observed with respect to the chuquiragua extract. Interpretation: The
results of the study showed that the ethanolic extract of Chuquiraga weberbaueri showed the effect of

reducing blood glucose in BALB/c mice.

Keywords: Plant Extracts, Hypoglycemic Agents, Mice.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is one of the
metabolic diseases that has gained relevance in
recent years. According to the WHO, the number of
people with diabetes increased by 314 million cases
from 1980 to 2014, reaching a total of 422 million
cases to date '. En Peru, in 2018, 3.6% of every 100
people over the age of 15 were reported to have
T2DM, according to MINSA 2. This figure increased
by 0.3% in 2019, according to the Demographic and
Family Health Survey (ENDES) *. As is well known,
T2DM leads to multiple complications in affected
individuals, putting their health and quality of life
at risk. Some of these complications include stroke,
kidney failure, myocardial infarction, blindness,
and lower limb amputation *°.

The use of plants for disease treatment is an ancient
practice that continues to be employed today
and is an important pillar in human health. For
example, plants can be used in the development
of pharmaceuticals, using the whole plant or its
parts to extract compounds for active ingredient
production °. The Chuquiraga species is found in
various Latin American countries and is used for its
medicinal properties. It belongs to the Asteraceae
family 7, and there are around 150 species of
Chuquiraga, of which only 22 have been accepted
by The Plant List, an organization that collaborates
with the Royal Botanic Gardens, Kew, and the
Missouri Botanical Garden ®. One of these accepted
species is Chuquiraga weberbaueri, which is found
in the northern region of Peru at an altitude of 3000

to 4500 meters above sea level °. It is a spiny shrub that
grows on rocky slopes and is locally scarce. It is used
for medicinal purposes to combat cough, bronchitis,
asthma, liver diseases, and it is colloquially known as
"Amaro Amaro" or "Amaro" 1'%,

In recent times, various researchers have focused
their attention on the study of medicinal plants due
to their potential role as antidiabetic agents. In vivo
tests have been carried out on animal models such
as rats and mice to evaluate their effectiveness in
treating complications associated with the disease.
The results obtained indicate that numerous plants
have the ability to reduce blood glucose levels and
contribute to improving other diabetes-related
complications. Since the use of plants is a cost-
effective way to prevent or treat diseases and they
are more accessible than drugs '2. The majority
of plants used have not yet been studied or their
effectiveness has not been proven. For example,
in the northern region of the country (Cajamarca-
Peru), the population uses Chuquiraga weberbaueri
to control diabetes, believing that this plant has the
ability to reduce blood glucose levels. However, there
are no previous studies confirming that this specific
species has hypoglycemic effects. Additionally,
there is a study on another species from the same
family, Chuquiraga jussieui, which demonstrated its
hypoglycemic effectiveness in a murine model in
rats in a 2019 study conducted in Ecuador "*. In the
global transition there is a tendency to use natural
resources, such as plants, and thus discover new low-
cost and widely available therapeutic substances.
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Currently, alternatives are being sought to control high blood glucose
levels in diabetic patients, and for this purpose, plants with glucose-
lowering capabilities are used. For example, Inocente-Camones et al.
2015, studied the hypoglycemic effect of aqueous and ethanolic extracts
of Psidium guajava L. (Guava) in Alloxan-induced diabetic rats, and it
was found that both extracts, especially the aqueous extract at a dose
of 250 mg/kg, significantly reduced glucose levels compared to the
ethanolic extract at a dose of 500 mg/kg, which only showed a slight
decrease in glucose levels '*. Herrera-Calderon et al. 2015, evaluated the
hypoglycemic effect of the ethanolic extract of Geranium ruizii Hieron.
(Pasuchaca) in Alloxan-induced hyperglycemia in rats, and it was found
that the ethanolic extract of Geranium ruizii Hieron has a hypoglycemic
effect at doses of 50 and 150 mg/kg **. Nawel H et al. 2019, conducted
a review of Algerian medicinal plants used in the treatment of diabetes
', However, there is no study demonstrating this hypoglycemic effect
in the species Chuquiraga weberbaueri. If the hypoglycemic effects are
proven, the use of this plant could be used as complementary therapy
in diabetes control. Furthermore, as mentioned earlier, there are people
who already use this plant for this purpose, so it is important to provide
accurate information about its effects on blood glucose levels. Therefore,
the aim of this study was to determine the hypoglycemic effect of the
ethanolic extract of Chuquiraga weberbaueri in mice induced with
hyperglycemia.

METHODS

Plant Material Collection

The plants were collected in the district of Namora, Cajamarca region,
Peru, with the geographical coordinates:

Latitude South: 7°10'43.9" S, Longitude West: 78°13'44.9" W, at an
altitude of 3755 meters above sea level. A total of 4.8 kilograms of
branches of Chuquiraga weberbaueri were collected. The plants were
cleaned with water and disinfected in 96% ethanol, then packed in
paper and transported to Lima-Peru for metabolite extraction in the
laboratory and taxonomic identification at the Museum of Natural
History of the National University of San Marcos, where taxonomic
identification using the flower and leaves was carried out.

Extraction of metabolites

The leaves of Chuquiraga weberbaueri were used for extraction. The
leaves were separated from the stems and then dried in the oven,
resulting in 2 to 2.5 kilograms of dry leaves. Once the leaves were dry,
they were manually crushed using a blade shredder. For every 300
grams of crushed dry leaves, 2 liters of 70% alcohol were added to a
glass container, which was externally wrapped with dark plastic bags.
The mixture was then allowed to macerate for 7 days, and the container
was shaken daily for 10 minutes. Each macerate was subjected to
9 successive filtrations using rough filter paper with a porosity of
12um. The filtrate was then placed in Pyrex containers for drying and
obtaining pastes. The filtrate was left to rest in an extraction hood until
the volume decreased to approximately one-third of the initial volume.
Finally, it was placed in an incubator at 40°C until the presence of a
paste without liquid content around it was observed. Once the paste
was obtained, it was removed from the Pyrex container using a sterile
palette instrument and stored in glass jars in an incubator at room
temperature. The dry paste was weighed on an analytical balance and
diluted in sterile distilled water using a magnetic stirrer with a magnetic
pellet. The stirring temperature was 40°C, and the speed was set to 300
revolutions per minute (RPM). This procedure lasted for 30 minutes
to obtain the extract. The ethanolic extracts were administered orally
at doses of 100 mg/kg, 250 mg/kg, and 500 mg/kg. Approximately 0.2
mL of extract was given to each mouse weighing 30-40 grams, and they
were refrigerated for preservation '”'%.
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Qualitative phytochemical
weberbaueri

analysis of Chuquiraga

A preliminary phytochemical analysis was performed on the leaves of
Chuquiraga weberbaueri using the ethanolic extract of the plant. The
analysis was based on coloration and precipitation tests according
to Olga Luck de Ugaz *°, with the aim of confirming the presence or
absence of metabolites. Five milligrams of Chuquiraga weberbaueri
sample were diluted in ethanol, to which 1 mL of reagent for the
determination of alkaloids, flavonoids, and steroids was added. This
analysis was performed because the presence of flavonoids in the
extract was expected, as many studies have shown that this secondary
metabolite has various activities on the metabolism of different human
cells, including reducing glucose levels. This was the basis for further
research. The following reagents were used to perform phytochemical
assays on the ethanolic extract of Chuquiraga weberbaueri: aluminum
chloride (AICL), iron chloride (FeCl,), Shinoda, sodium hydroxide
(NaOH) for tannins, Liberman Burchand, Salkowski, sulfuric
acid (H,SO,) for steroids, Bertrand, Dryendorff, Mayer, Popoff,
Sonnepschen, and Wagner for alkaloids.

Experimental animal

Male BALB/c mice were used *. They were acquired from a bioterium
at the National Institute of Health, with an average weight of 30-40
grams. The animals were acclimated for seven days in groups of five
mice in cages, at room temperature and under natural light. The mice
were fed pellet feed »!, obtained from a balanced food production center
at the agricultural university, and water was provided ad libitum #.

To determine the sample size, the findings obtained by Fiaz Alam et
al. 2018 and H Chen 2001 were considered, where mice induced with
hyperglycemia were used to demonstrate the hypoglycemic effects of
the plant extracts under study 2**. The sample size was calculated using
the statistical software OPENEPI (https://www.openepi.com/Menu/
OE_Menu.htm) %, considering a significance level of less than 0.05 and
a power of 80%. To estimate a difference in means, a minimum of 4
mice per group was obtained, with an additional 20% to account for
potential losses, resulting in a total of 5 mice per group.

Induction of experimental diabetes

Because Alloxan destroys pancreatic cells and this effect does not allow
the proper metabolism of blood glucose, blood glucose increases,
which is the phenomenon observed in both type I and type II diabetes.
Therefore, this methodology can be used in animal models in which
diabetes is intended to be generated '**°.

Diabetes was induced by intraperitoneal administration of 100 mg/kg
of Alloxan dissolved in physiological saline at a concentration of 10 mg/
mL, multiplied by the dose of Alloxan (100 mg/kg) '**. After 24 hours,
blood glucose was measured with a 12-hour fasting period before
the treatment with Alloxan, using an Accu-Chek Instant handheld
glucometer *. Mice with glucose levels above 150 mg/dL were selected
for further experiments 2. After 24 hours of the Alloxan supply, the
treatments were given using the extracts of Chuquiraga weberbaueri.

Experimental design

A total of 30 mice were used, distributed into groups of five mice in
each cage:

Group 1: Blank control group - received 2 mL of physiological saline orally.

Group 2: Hyperglycemic control group - received only 100 mg/kg of
Alloxan intraperitoneally and no treatment.

Group 3: Hyperglycemic group - received 100 mg/kg of ethanolic
extract orally using an orogastric tube.
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Group 4: Hyperglycemic group - received 250 mg/kg of ethanolic
extract orally using an orogastric tube.

Group 5: Hyperglycemic group - received 500 mg/kg of ethanolic
extract orally using an orogastric tube.

Group 6: Hyperglycemic group - received 5 mg/kg of glibenclamide
(gliburide) orally using an orogastric tube .

Measurement of blood glucose

Blood samples were taken from the tail of the mice for glucose
determination using a Roche Accu-Chek Instant digital glucometer
7. Blood glucose measurements were taken before the treatment with
Alloxan and at 24 hours after Alloxan administration . Mice with blood
glucose levels exceeding 150 mg/dL *¢, were administered the ethanolic
extracts and glibenclamide (gliburide). Glucose levels were measured
in all groups at 2 hours, 4 hours, and 24 hours after administration of
the ethanolic extract and glibenclamide.

Toxicity assay

To evaluate the toxicity of the ethanolic extract, 18 additional mice
were used, which were divided into two groups of 9 mice. Group 1 was
administered the ethanolic extract of 2000 mg/kg in a single dose, group
2 was administered physiological saline. These groups were subdivided
into three groups of three. Each subgroup of three was sacrificed at
24 hours, 7 days and 14 days after administration of the extract. Each
group was sacrificed to take samples and fixed in 10% formalin to make
histological slides in paraffin, and the liver, kidney and brain samples
were analyzed pathologically .

Ethical Aspects

The guidelines of the "Guide for the Management and Care of
Laboratory Animals" of the National Center for Biological Products of
the National Institute of Health were followed. Following the principle
of the three Rs, Reduce, Replace and Refine. In addition to providing
the best care for the animals during the experiment, allocate a suitable
and clean place, as well as water and food *>3!. The study was approved
by the academic directorial resolution of Universidad Cientifica del
Sur university with resolution number 728. The experimental trial was
register with N° 994-2021-PRE15 number.

Euthanasia

The pharmacological method was used for euthanasia. Consequently,
Pentobarbital was used intraperitoneally at a dose of 150 mg/kg, which
induced depression of the central nervous system leading to anesthesia
and subsequently death. This method was used because it is the fastest
and least painful *>3%.

Processing and statistical analysis

The SPSS 18 software *, was used for data processing and statistical
analysis. Descriptive analysis was performed, considering means,
standard deviations (SD), and percentages, depending on the type of
study variable. The Shapiro-Wilk parametric test was used to analyze
the normality of numerical variables (p<0,05). We used an ANOVA
and additionally, the Bonferroni analysis of variance test was used to
determine the specific significant difference between groups.

RESULTS

The phytochemical analysis of the ethanolic extracts of the leaves of
Chuquiraga weberbaueri showed the presence of various secondary
metabolites such as: flavonoids, tannins, alkaloids and steroids in
abundant form, as shown. in table 1
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Table 1. Results of Phytochemical Assays Applied to the Ethanolic Extract
of Chuquiraga weberbaueri.

AICI3 Aluminum chloride +++
. FeCl3 (Iron chloride) +++
Flavonoids
SHINODA +++
H2S04 (Sulfuric acid) +++
Tannins NaOH (sodium hydroxide) +++
BERTRAND +++
DRAYENDORFF +++
MAYER
Alkaloids I
POPOFF t
SONNEPSCHEN +++
WAGNER +++
. LIBERMAN BURCHAND +++
Steroids
SALKOWSKI +++

++++VERY ABUNDANT +++ ABUNDANT ++ REGULAR + SCARCE- ABSENCE

Legend
abod =p< (,05.

It was observed that the best treatment regarding the decrease in
glucose compared to the blank control “saline solution” with values of
139.40 + 12.46 mg/ dL, at 2 hours and 139.20 + 8.16 mg/ dL at 4 hours,
the ethanolic extract of 250 mg/kg was worth 133.20 + 10.23 mg/ dL at
2 hours and 134.00 + 25.61 mg/ dL at 4 hours. Post Bonferroni analysis
of variance test was used to determine the specific significant difference
between groups.

With respect to the sheets of liver tissue, portal inflammatory
infiltrate was found in the mice that were sacrificed seven days after
receiving the ethanolic extract and hepatic steatosis with perivascular
inflammatory infiltrate in the mice that were sacrificed 24 hours after
receiving the ethanolic extract. ethanolic extract. In the kidney sections,
a mild perivascular inflammatory infiltrate was observed in the mice
that only received saline, in those that received the extract and were
sacrificed at 24 hours a congestive kidney was found, and in those that
were sacrificed at seven- and fourteen-days, a moderate perivascular
inflammatory infiltrate was found. The comparison between the blank
control group and the “extract” treatment group demonstrated that no
conclusive results were observed with respect to the chuquiraga extract.

DISCUSSION

It was possible to corroborate that the extracts of Chuquiraga
weberbaueri at doses of 100 mg/ kg, 250 mg/kg were the treatments that
lowered blood glucose the most compared to the 500 mg/ kg extract
that lowered blood glucose slightly. This decrease occurred between 2
hours to 24 hours for the concentrations of 100 mg/kg and 250 mg/kg
and between 2 to 4 hours for the concentration of 500 mg/kg after being
administered to the mice induced to hyperglycemia (figure 1). However,
these values were not statistically significant compared to the blank
control (0.9% saline solution) or the positive control (Glibenclamide).
The hypoglycemic effect of the Chuquiraga genus has been demonstrated
in a previous study using the aqueous extract of Chuquiraga jussieui
in rats induced hyperglycemia in which it was found that the groups
treated with the concentrations of 100 mg/kg, 200 mg/kg and 400 mg /
kg showed a significant decrease in glucose levels at 10 days compared
to Glibenclamide . Other plants have been studied regarding the
hypoglycemic effect such as Psidium guajava using aqueous extracts
at a dose of 250 mg/dL and ethanolic extracts at a dose of 250 mg/kg
and 500 mg/kg, with the aqueous extract at a dose of 250 mg/kg. kg,
which gave better results 2 and 4 hours after its administration, these

Pharmacognosy Journal, Vol 17, Issue 1, Jan-Feb, 2025
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Figure 1. Glycemic levels (mg/dL) (line Y) between the pre and post treatment groups in mice (line X). BALB/c treated with ethanolic extract of Chuquiraga
weberbaueri. A tendency to decrease glycemia compared to the blank control “saline solution” was demonstrated, in terms of the ethanolic extract of 100
mg/kg at 2 hours and the ethanolic extract of 250 mg/kg at 2 hours, and 4 hours.

Figure 2. Brain slices. (A) Blank control group brain section. (B) Brain section with extract after 24 hours presents congestion although not conclusive. (C)
Brain section with extract after 7 days without alterations. (D) Court of brain with extract after 14 days without alterations.

Pharmacognosy Journal, Vol 17, Issue 1, Jan-Feb, 2025 66



Raico AAM, et al. Effect of the Ethanolic Extract of Chuquiraga weberbaueri Tovar on Glycemia in BALB/c Mice

Figure 3. Kidney slides. (A) Blank control group section presents mild perivascular inflammatory infiltrate although not conclusive. (B) Cut with ethanolic
extract after 24 hours without alterations. (C) Section with ethanolic extract after 7 days shows mild to moderate perivascular infiltrate although not
conclusive. (D) Section with ethanolic extract after 14 days shows moderate perivascular and focal interstitial and mild perivascular inflammatory infiltrate

although not conclusive.

Figure 4. Liver slides. (A) Blank control group cut without alteration. (B) Section with ethanolic extract at 24 hours shows hepatic steatosis with perivascular
inflammatory infiltrate although not conclusive. (C) Section with ethanolic extract after 7 days shows portal inflammatory infiltrate although not conclusive.
(D) Cut with ethanolic extract after 14 days without alterations.
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Table 2. Glycemiclevels (mg/ dL) between the pre- and post-treatment groups in mice. BALB/ c treated with ethanolic extract of Chuquiraga weberbaueri.

Dose Treatment
GROUP Before treatment
(mg/kg) 2 hours
123,20 + 13,33 a, b, ¢ 129,00 + 11,40
Only Alloxan 100
(Before Alloxan) (2 hours Alloxan)
Glibenclamide 5 183,00 + 21,27 a, d 123,40 + 24,15
Ethanolic Extract (1) 100 165,00 + 10,34 b 133,80 + 13,1
Ethanolic Extract (2) 250 162,00 + 4,52 133,20 + 10,23
Ethanolic Extract (3) 500 163,80 + 9,88 ¢ 152,00 + 9,69
Blank Control Only —, 142,80 + 8,46 d 139,40 + 12,46

Saline Solution (0.9%)

Table 3. Toxicity assay of the ethanolic extract of Chuquiraga weberbaueri.

24h

Without modifications

Control / Extract
Brain (Control)
Brain (extract)
Kidney (Control)
Kidney (extract)
Liver (Control)

Liver (extract)

Without modifications
inconclusive
inconclusive
Without modifications
inconclusive

results being statistically significant, compared to the ethanolic extract
of 250 mg/kg and 500 mg/dl, which were not statistically significant ™.
Furthermore, it was observed that the administration of the ethanolic
extracts of Allium sativum and Capparis spinosa, at a dose of 300 mg/
kg administered for 12 days, produced discrete hypoglycemic effects in
rats, with the ethanolic extract of Allium sativum having the best results,
however, both extracts of Allium sativum and Capparis spinosa were
statistically significant *.

In our study regarding the decrease in glycemia, the treatment that gave
the best result was 250 mg/kg, having a decrease in glycemia between
2 to 4 hours below the blank control, however, it was not statistically
significant. In table 2, the effect of reducing glucose levels by the
treatment at 2 hours at concentrations of 100 mg/kg and 250 mg/kg
was observed, comparable in similarity to Glibenclamide and blank
control (saline solution) as a control in which no statistical difference
was evident between the treatments (Chuquiraga weberbaueri) and the
controls (Glibenclamide and blank control). Therefore, the glycemia-
reducing effect was observed after the administration of Chuquiraga
weberbaueri (100 mg/kg and 250 mg/kg) treatments.

In comparison with aqueous extract of Chuquiraga jussieui, which
had a greater effect with the dose of 400 mg/kg at 10 days where it was
shown to be statistically significant '*. As well as in the aqueous extract
of Psidium guajava at a dose of 250 mg/kg, the best concentration at 4
hours was statistically significant '*. In the study of Allium sativum and
Capparis spinosa, it was observed that the best result was that of the
alcoholic extract of Allium sativum at a dose of 300 mg/kg, this being
statistically significant compared to the negative control *.

In a phytochemical study of Chuquiraga weberbaueri, various secondary
metabolites were found, including flavonoids, tannins, alkaloids and
steroids in large quantities. In the case of flavonoids and saponins, they
could be responsible for the decrease in blood glucose, as has been
reported in previous studies. Additionally, in a study of Psidium guajava
it was found that in the phytochemical analysis of the aqueous extract
of leaves of P. guajava, which showed the best hypoglycemic effect,
had a high content of flavonoids, tannins and saponins compared to
the ethanolic extract in which these compounds were found, but in
smaller quantities, so the amount and type of metabolites found in the
aqueous extract would be related to the hypoglycemic effect according
to the study '. Continuing with the studies of hypoglycemic plants,
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7 days

Without modifications
Without modifications
Without modifications
Inconclusive

Without modifications
Inconclusive

Treatment Treatment
4 hours 24 hours
152,80 + 19,01 169,80 + 18,83
(4 hours Alloxan) (24 hours Alloxan)

120,00 + 19,30
140,40 + 16,41
134,00 + 25,61
154,60 + 6,65

139,20 + 8,16

165,60 + 25,31
160,00 + 25,13
156,00 + 14,30
165,00 + 18,48

138,60 + 2,40

14 days

Without modifications
Without modifications
Inconclusive
Inconclusive

Without modifications
Without modifications

methanolic extract of Momordica cimbalaria, administered at a dose
of 175 mg/kg for 30 days to diabetic mice, decreased blood glucose,
and the proposed mechanism is the increase in insulin secretion by
regeneration of B cells. pancreatic produced by the saponins found in
the phytochemical analysis ¥. In the review of the effect of phenolic
compounds on carbohydrate metabolism, it is concluded that flavonoids
(flavones, flavonols, anthocyanins and proanthocyanidins), phenolic
acids and tannins (elagitannins) inhibit the activity of the enzymes
pancreatic 3-amylase and - intestinal glucosidase whose function is
the release of glucose for the absorption of carbohydrates in the small
intestine, resulting in a decrease in blood glucose *.

Finally, in the toxicity test at a limit dose of 2000 mg/kg, no alterations
were found that could be determinants related to the treatment with
the extracts administered in the liver, kidney and brain tissues (figure 2,
figure 3 and figure 4). These results are similar to an acute toxicity study.
from the hydroalcoholic extract of the Chuquiraga jussieui plant where
We reported that no signs or symptoms of toxicity were observed in
the macroscopic analysis of the organs at a limit dose of 2000 mg/kg *.

Among the limitations of this study was that it was developed in a
murine model and therefore is a preclinical study.

With respect to the applicability in clinical practice and potential in
clinical trials in humans, in our results it was possible to corroborate
the decrease in serum glucose; however, the effect was less than that
of glibenclamide and in addition, in the cytotoxicity test, no changes
were observed. histological in the organs studied: brain, kidney, liver.
Therefore, we consider that this plant could be used as an adjuvant
treatment and for the prevention of type 2 diabetes mellitus. Regarding
clinical trials in humans, a more in-depth study and follow-up over
time is needed to study possible side effects *.

CONCLUSION

The results of the study showed that Chuquiraga weberbaueri extract at
doses of 100 mg/kg and 250 mg/kg had hypoglycemic effects in mice.
Therefore, it is suggested to continue researching the promising effects
of this plant in reducing hypoglycemia. In Peru, many people consume
this plant empirically to reduce serum glucose levels, which is why this
study is relevant because to date there are no studies that demonstrate
its hypoglycemic activity.
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