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Abstract

Diabetes Mellitus (DM) is a chronic metabolic disorder with high prevalence, and the use of medicinal plants has emerged as a promising
complementary approach for the treatment of this condition. This study aimed to review the efficacy of Aloe vera, Curcuma longa,
and Ginkgo biloba in glycemic control and in the reduction of complications associated with DM. A systematic review was conducted
following the PRISMA method, using the descriptors “Aloe vera,” “Curcuma,” “Ginkgo biloba,” and “Diabetes” in databases such
as PubMed, BVS, and SciELO. Articles published between 2013 and 2024 were selected, considering only complete experimental and
clinical studies that met the inclusion criteria. In total, seven studies were included in the analysis. The results showed that Aloe vera
significantly reduced glycated hemoglobin (HbA1c) and capillary blood glucose, demonstrating efficacy as an adjuvant to
metformin treatment. Curcumin combined with piperine exhibited antioxidant and anti-inflammatory properties, also contributing to
the reduction of HbATc and capillary blood glucose. Ginkgo biloba, in turn, presented benefits in capillary blood glucose control and in
the prevention of chronic complications such as retinopathy and nephropathy. Although the analyzed herbal medicines
demonstrated significant therapeutic potential, the reviewed studies presented methodological limitations, such as small sample
sizes and lack of protocol standardization. Despite these limitations, Aloe vera, Curcuma longa, and Ginkgo biloba are promising
alternatives for the supplementary management of DM, with potential to reduce associated complications. However, further high-
quality studies are required to consolidate their clinical use within well-defined protocols.
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INTRODUCTION

Diabetes Mellitus (DM) is a chronic, slowly pro-
gressive metabolic disorder characterized by per-
sistently elevated blood glucose levels resulting
from defects in insulin secretion, insulin action, or
both. The traditional classification of diabetes in-
cludes four main subtypes: Type 1 Diabetes Mellitus
(TTIDM), Type 2 Diabetes Mellitus (T2DM), Gesta-
tional Diabetes (GD), and other specific types'.

Recognized as a global health challenge, DM
significantly affects individuals’ quality of life, im-
pacting more than 463 million people worldwide
in 2019, with projections indicating an increase to
700 million by 204522, Its implications for morbidi-
ty and mortality are remarkable, being responsible
for 4.2 million deaths in 2019, ranking as the ninth
leading cause of death globally?. Furthermore, its
strong association with cardiovascular complica-
tions, neuropathies, nephropathies, and other man-
ifestations negatively affects global health®.

T1DM is characterized by autoimmune destruc-
tion of pancreatic beta cells, resulting in total insu-
lin deficiency. T2DM, the most common form of
the disease*, is associated with insulin resistance
and progressive decline in pancreatic beta-cell in-
sulin secretion. GD occurs during pregnancy and
increases the risk of developing T2DM later in
life!~.

In TIDM, the autoimmune response damages
pancreatic beta cells, leading to complete insulin
deficiency®. In contrast, in T2DM, insulin resistance
impairs the adequate response to the hormone,
while insulin production may not compensate for
the demand, resulting in elevated blood glucose
levels and the development of acute and chronic
complications®”8, The function of incretins—gastro-
intestinal hormones that regulate insulin release af-
ter meals and inhibit hepatic glucose production—
such as glucagon-like peptide-1 (GLP-1), is impaired
in diabetic patients®!°.

The treatment of DM involves a combination of
lifestyle modifications (LSM), frequent blood glu-
cose monitoring, and pharmacological therapies.
Currently, several medications are available for
DM management, including insulin and oral hypo-
glycemic agents. The first-line treatment for TIDM
is insulin, whereas for T2DM, LSM combined with
oral antidiabetic medications is recommended!.
Among the most common oral hypoglycemics are
biguanides, sulfonylureas, alpha-glucosidase inhibi-
tors, and GLP-1 analogues' "2

Within this therapeutic context, phytothera-
py has emerged as a promising option. Medicinal
plants and their derivatives have long been rec-
ognized for their therapeutic potential in the pre-
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vention and treatment of various human diseases,
contributing to the promotion and improvement
of overall health'3. These plants possess distinct
chemical, organic, and inorganic properties, each
with unique benefits, and are frequently used as
complementary therapies, often based on tradition-
al practices or personal recommendations'. The
search for such natural remedies stems not only
from their therapeutic efficacy but also from barri-
ers to accessing complex healthcare services, the
high costs of synthetic drugs, and cultural consid-
erations’s,

Herbal medicines are formulated from phyto-
chemicals extracted from various parts of plants,
such as leaves, roots, stems, and flowers. They can
be administered in the form of teas, capsules, juices,
or oils','”, The diversity in formulation and admin-
istration generates growing interest in these prod-
ucts, particularly among individuals seeking comple-
mentary and alternative approaches to conventional
treatment.

Alternative and complementary approaches are
widely used in primary care, particularly by family
physicians, since this specialty seeks to understand
not only the disease but also the cultural, social, and
emotional contexts underlying health diagnoses.
The use of medicinal plants stands out as a natural
extension of this philosophy. The preventive and
health-promoting focus of Family and Community
Medicine (FCM) incorporates holistic therapeutic ap-
proaches that go beyond conventional disease treat-
ment, offering patient-centered care while respecting
cultures, traditions, and therapeutic preferences.

The selection of plants in this study was based on
promising preclinical and clinical evidence report-
ed in recent scientific literature, highlighting their
pharmacological potential. These plants stand out
for presenting standardized formulations, well-char-
acterized bioactive compounds, and documented
use in clinical studies with humans. This choice aims
to strengthen the scientific basis of phytotherapy,
prioritizing species with greater potential for future
clinical application, while also considering the scar-
city of validated herbal medicines specifically for the
management of Diabetes Mellitus.

Therefore, this study aimed to address the central
question regarding the scientific evidence related
to the use of herbal medicines as complementary
treatment for diabetes. Although several medicinal
plants are marketed for their beneficial properties
in glucose control, the safety and efficacy of these
remedies remain inconsistent. Thus, diabetic pa-
tients seeking alternative treatment options face am-
biguity and uncertainty.
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METODOLOGY

This study is a systematic literature review con-
ducted using the PRISMA method. Searches were
performed in the PubMed, Virtual Health Library
(BVS), and SciELO databases, using descriptors
identified through the DeCS (Health Sciences De-
scriptors) platform, adapted for each database:
“Curcuma,” “Ginkgo,” “Aloe vera,” and “Diabetes,”

in both Portuguese and English. The research was
conducted between September and October 2024.
Inclusion criteria encompassed articles published
between 2013 and 2024, original studies available
in full text, randomized clinical trials, experimental
studies, and articles from additional references. The
article selection process is illustrated in Figure 1.

Total number of articles found in the databases (n=81)

v

Articles excluded due to
duplication (n=32)

Articles excluded for other
reasons (n=1)

Articles screened by title reading (n=48)

IArticles mncluded through citation search|
(n=5)

Y

[Total excluded studies (n=41)
* Out of scope (n=23)

k Systematic reviews (n=11)

F Non-human models (n=3)

k Others (n=4)

Articles selected for full-text reading (n=12)

Figure 1 - Flowchart of the article selection methodology.

RESULTS

The database search yielded a total of 81 articles,
distributed as follows: 23 from PubMed, four from
SciELO, and 54 from BVS. However, after subsequent
stages of screening and exclusion (Figure 1), only
seven articles were included in the final review, with
an additional five articles identified through citation
searching.

The selected studies are presented in Table T,
categorized according to the plants investigated—
Curcuma longa L. (Zingiberaceae), Ginkgo biloba L.
(Ginkgoaceae), and Aloe vera (L.) Burm.f. (Asphodela-

ceae)—and the main findings of each study. This struc-
ture provides a clear overview of the results, high-
lighting the most relevant scientific evidence on the
use of these plants in the management of Diabetes
Mellitus.

This rigorous selection process ensures that only
high-quality studies aligned with the objectives of this
review are included, thus strengthening the robustness
of the conclusions presented. A detailed analysis of the
results is discussed below, with emphasis on the clin-
ical and methodological implications of the findings.
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Table 1 - Distribution of articles selected for the systematic review.

Reference Author and Year Study Type Sample Dosage Results
Ginkgo biloba
Group 1: Metformin
. Lo . . + Ginkgo biloba dry HbA1c |0.6 (p=0.001); Capillary
) Randomized, double- 40 individuals with metabolic syn-
(18] Aziz et al. (2018) -blind, placebo-controlled  drome and uncontrolled glyce%ia extract 120 mg/day; blood glucose |18 (p=0.002);
’ Group 2: Metformin Insulin |9.4 (p<0.001)
only. For 90 days.
Liuwei Dihuang 62.5 X )
Randomized, double- s . ) mg, 8 tablets 3x/day + HbA1c 10.1 (p>0.05); Capillary
Tl ) 140 individuals with type 2 diabe- p . blood glucose |5.4 (p>0.05). No
[19] Zhao et al. (2016) blind, simulated, placebo Ginkgo biloba 4 mg, 2 L :
N tes, aged 50-75 years significant difference between
-controlled, clinical tablets 3x/day. For 36
treatment and placebo groups.
months.
Metformin (500 or X .
Randomized, double- . . 850 mg) + powdered HbA1c 0.7 (p<0.001); Cap|||a_ry
) ] 47 individuals with uncontrolled X . blood glucose |40 (p<0.001);
[20] Aziz et al. (2018) -blind, placebo-controlled, . Ginkgo biloba extract : _ /
. - type 2 diabetes Insulin |5.1 (p=0.006). Insulin
multicenter clinical 120 mg, 1 tablet/day. L
results similar to placebo.
For 90 days.
Aloe Vera
(1) Aloe vera UP780 (1) UP780: HbA1c |0.3 (p<0.02);
500 mg, 1 capsule Capillary blood glucose |8
o . o o . 2x/day; (2) Aloe vera (p<0.02). (2) AC952: HbA1c
1] Devargjetal (2013) ~ DOUPISlnd. placebo- 45 pre-diabetic indwiduals with -~ 2co53 500 mg, 1 10.1 (p<0.05); Capillary blood
Y capsule 2x/day. For 8 glucose |6 (p<0.05). Effective
weeks.. for diabetes, with UP780 more
significant.
Aloe QDM 700 mg
(Aloe vera gel 147 mg Week 4: Capillary blood glu-
. T + aloesin powder 3 mg cose |7 (p<0.01); Week 8: |3
[22] Choi et al. (2013) Randomized, double-blind 122at’i):1tgI\?v?titlga::}di\éltiuilsljiﬂr]d + yeast chromone 125 (p=0.02). Low significance vs.
P y-stag mg), 2 capsules after placebo, but improvement in
breakfast and 2 after insulin resistance and fat mass.
dinner. For 8 weeks.
1) AL300: HbA1c |0.2
( A(\B’;/(‘)‘(I)(;e 1Vi;a SSI(; Eg X (p<=(§.042); Capillary iblood
Alinejad-Mofrad et ’ . 70 pre-diabetic individuals aged ’ P Y glucose |4 (p=0.002). (2) AL500:
[23] Randomized, double-blind (2) Aloe vera 500 mg - A ]
al. (2015) 35-65 HbA1c |0.4 (p=0.011); Capillary
(AL500), 1 capsule/day. | | 7 1
For 8 weeks blood g ucose 1 '(p<0.00 )
’ Effective for diabetes.
Curcuma
Herbal drug: Nano-cur- C:;:)il'laz\:r; %)(I)oig (9‘7330221 l) 1 5
[24] Rahimi et al. (2016)  Randomized, double-blind 70 type 2 diabetic individuals cumin 80 mg, 1 capsule - )
(p<0.049). Effective adjuvant
3x/day. For 3 months.
effect.
el Turmeric powder 700 HbA1c |0.2 (p=0.90); Capillary
[25] Adab et al. (2019)  Randomized, double-blind  ° Non-insulin-dependenttype 2 "y b e 3x/day.  blood glucose |2 (p=0.57). Not
diabetic individuals B
For 8 weeks. significant.
Dry turmeric extract
200 mg + garlic extract
. ~ . T 200 mg, 3 capsules HbA1c |2.33 (p=0.000);
[26] Suka(;g?;)e tal. Ran_c:)cl)irr:w(;zei,r:ﬁ:lble 2?]32? fsde':?]em;'?dggrili‘gf’ after meals. Control: Capillary blood glucose |51
P ypogly Glibenclamide 5 mg, (p<0.028).
1 capsule/day. For 14
weeks.
Dry turmeric powder ex-
. Randomized, double- ’ o tract 500 mg + Piperine  HbA1c |0.9 (p<0.001); Capillary
[27] Panahi et al. (2018) -blind, parallel 100 type 2 diabetic individuals 5mg, 1 capsule/day. blood glucose 19 (p<0.001).
For 3 months.

The chemical composition of Aloe vera includes
polysaccharides, amino acids, enzymes, vitamins,
and minerals, which confer anti-inflammatory, anti-
oxidant, and immunomodulatory properties?. In vi-
tro and animal model studies indicate that the bio-
active compounds of Aloe vera, such as lectins and

Aloe vera, popularly known as “babosa,” is a
plant native to desert regions, well adapted to the
Brazilian cerrado. It is a succulent plant belonging
to the Asphodelaceae family, with numerous me-
dicinal properties, including the treatment of scars,
burns, laxative effects, and hair care?®.
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polysaccharides, may influence insulin secretion
and improve insulin sensitivity, producing benefi-
cial effects in reducing blood glucose levels?®. Fur-
thermore, evidence suggests antioxidant properties
capable of mitigating the oxidative stress caused by
Diabetes Mellitus (DM), a factor that contributes to
the prevention of long-term complications??3%31,

The main active components of Aloe vera have
been shown to exert direct effects on various health
parameters, including the reduction of fasting blood
glucose, adipose tissue, triglycerides, and glycated
hemoglobin (HbA1c), as well as an increase in lean
muscle mass3'. The plant is described as having
moderate hypoglycemic properties and the ability
to potentiate the effects of drugs with this purpose,
suggesting a potential impact on glucose levels®?.
Despite these scientifically demonstrated benefits,
some studies have failed to show significant im-
provement in the hyperglycemic state of diabetic
patients.

Regarding HbA1c reduction, a study conducted
with 70 pre-diabetic patients with metabolic syn-
drome demonstrated the greatest reduction (0.4 £
0.33, p=0.04) with a daily dose of 500 mg of Aloe
vera extract powder23, This formulation is obtained
from fresh leaf gel through cold drying or spray
drying33. The results for capillary glucose (CG) are
consistent with other studies, showing a reduction
of 7 £ 4.2 (p=0.001). The formulation with a daily
dose of 300 mg also demonstrated efficacy, though
with less pronounced results.

One study compared specific Aloe vera pow-
der formulations at different dosages, including
UP780, enriched with chromone and 2% aloesin
(1000 mg/day), and AC952, without chromone
(1000 mg/day)?. The UP780 formulation showed a
significant reduction in capillary glucose (CG) of 8
+ 16 (p<0.02) and HbATc of 0.3 £ 0.6 (p<0.02). The
AC952 formulation presented less pronounced re-
ductions, with a decrease in CG of 6 £ 12 (p<0.05)
and HbAT1c of 0.1 £ 0.5 (p<0.05). Positive results
for UP780 were also observed in studies conduct-
ed with alloxan-induced diabetic rats*#3>.

The largest clinical trial involved 122 pre-diabet-
ic individuals or patients with early-stage Diabetes
Mellitus (DM)?2. The study employed comparative
analysis at four and eight weeks, allowing the eval-
uation of progressive results. Participants received
Aloe QDM (700 mg, including Aloe vera gel, aloes-
in, and chromone), with two capsules administered
after breakfast and dinner. The results revealed a
significant reduction in capillary glucose (CG) of
7 £ 2.0 (p<0.01) at the fourth week and 3 = 1.5
(p=0.02) at the eighth week. Although these reduc-

tions were statistically significant, the study consid-
ered the results clinically modest, since values in
the placebo group were similar. However, improve-
ments in insulin resistance and fat mass reduction
were observed, contributing to the decrease in CG.
Hypoglycemic and hypolipidemic effects were also
reported in studies with rats**3738 suggesting pos-
sible variations in outcomes between human and
animal studies.

A study evaluated 60 diabetic individuals treated
with metformin and a daily dose of 450 mg of Aloe
vera twice daily*. The study provided significant
insights into the therapeutic potential of Aloe vera
as complementary therapy for Diabetes Mellitus
(DM). The proposed methodology compared oral
antihyperglycemic treatment alone with treatment
combined with herbal therapy. The results demon-
strated a substantial reduction in capillary glucose
(CG) of 13.94 £ 11.52 (p=0.001) in the herbal ther-
apy group, compared to a reduction of 0.2 £ 0.18
(p=0.001) in the placebo group. Despite reports of
gastrointestinal side effects, likely attributable to
metformin324°4142 the study concluded that Aloe
vera is safe and effective as an adjuvant treatment.

Curcuma longa L. (Zingiberaceae), commonly
known as turmeric in Brazil, is one of many func-
tional foods with therapeutic health benefits. Cur-
cumin, the yellow-orange pigment present in tur-
meric, is responsible for its anti-inflammatory and
antioxidant effects*.

Turmeric (Curcuma longa L.) has been used for
centuries, with origins tracing back to approximate-
ly 4000 BC in India, the 7" century in China, the
10th century in Arab countries, and its introduction
into Europe in the 13" century. Initially valued for
its nutritional similarities to ginger, turmeric later
gained recognition for its numerous ethnomedic-
inal properties, including hepatoprotective, gas-
troprotective, anti-inflammatory, antimicrobial, an-
ti-HIV, hypolipidemic, hypoglycemic, antiplatelet,
dermatological, ophthalmological, antioxidant, and
potential oncological benefits, as well as therapeu-
tic effects on the respiratory, reproductive, diges-
tive, and central nervous systems*4>,

The functional characteristics of Curcuma longa
have made it the focus of numerous investigations
regarding its antioxidant and anti-inflammatory ef-
fects. Curcumin, the main phenolic compound in
turmeric, is key to these effects. In addition to its
ability to neutralize reactive oxygen species (ROS),
curcumin enhances the activity of antioxidant en-
zymes such as glutathione (GSH), superoxide dis-
mutase (SOD), and catalase (CAT) through supple-
mentation*34647,
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Curcumin, derived from Curcuma longa L., is a
bioactive compound with documented use in the
management of diabetes and its associated com-
plications. Its molecular formula is C, H, O,, and
its molecular weight is 368.37 g/mol*. Turmeric, a
spice native to Southeast Asia, is not only a flavor
enhancer but also a source of curcumin, an antioxi-
dant, antimicrobial, and coloring agent with poten-
tial applications in the cosmetics, textile, pharma-
ceutical, and food industries*.

The studies by Hodaei et al. (2019)* and Adab
et al. (2019)* employed turmeric powder at dosag-
es of 1500 mg and 2100 mg, respectively. The first
study, involving adult patients with type 2 diabe-
tes (non-insulin-dependent) diagnosed between 1
and 10 years earlier, lasted 10 weeks. During this
period, patients were instructed not to alter their
usual dietary and physical activity habits, and statis-
tical analyses confirmed no significant differences
between groups in these factors. It reported an av-
erage change in HbA1c of —0.3 + 0.4 (p=0.65) and
a mean reduction in fasting blood sugar (FBS) of
-7 £ 2 mg/dl (p=0.02) in the curcumin group. The
second study, conducted over eight weeks without
dietary or exercise standardization, reported reduc-
tions of 0.2 £ 0.98 in HbAT1c (p<0.90) and 2 + 28.33
in fasting glucose (p<0.57). Despite numerical im-
provements, both studies concluded that there was
no statistically significant difference between treat-
ment and placebo in HbA1c reduction. However,
Hodaei et al. (2019)* demonstrated significant
improvements in fasting glucose compared with
placebo, whereas Adab et al.?* did not report such
significance. Divergent findings were observed in
other studies. For example, a dosage of 300 mg/
day of curcumin for three months in diabetic and
obese patients resulted in significant reductions in
glycemic markers and insulin resistance®. Similarly,
a dosage of 1500 mg/day for three months also
showed reductions in insulin resistance”'. In animal
models, curcumin reduced hyperglycemia and in-
sulin resistance in obese rats fed high-fat diets®> and
in diabetic rat models®®. These discrepancies high-
light the need for standardized protocols to better
elucidate the effects of curcumin.

When combined with other substances, curcum-
in’s efficacy was comparable to other treatments.
Sukandar et al. (2014)% studied the combination of
200 mg of curcumin extract with 200 mg of garlic
extract in 29 individuals with type 2 diabetes, aged
over 35 years, who were not using hypoglycemic
drugs or insulin. The combination resulted in re-
ductions of 2.33 + 0.47 in HbA1c (p=0.000) and
51 + 9.67 in fasting glucose (p<0.028). The HbA1c
reduction was comparable to the effect of 5 mg
of glibenclamide used as control, indicating simi-
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lar glycemic control between the herbal combina-
tion and the drug. Panahi et al. (2018)% evaluated
the combination of 500 mg of powdered curcum-
in extract and 5 mg of piperine, an alkaloid from
black pepper with anti-inflammatory and antioxi-
dant properties. In a study involving 100 patients
with type 2 diabetes over three months, significant
reductions were observed in HbATc (0.9 £ 1.0,
p<0.001) and fasting glucose (9 = 34, p<0.001).

These findings were significant compared with
placebo and demonstrated curcumin’s efficacy in
improving glycemic control when combined with
piperine. Rahimi et al. (2016)* investigated na-
no-curcumin, a nanoparticulate formulation with
greater bioavailability and antitumor properties.
Over three months, participants consumed 80 mg
of nano-curcumin daily, resulting in reductions in
HbATc (0.28 + 1.54, p<0.001) and fasting glucose
(15 £ 38.01, p<0.049), highlighting its potential as
an adjuvant therapy for diabetes. Ginkgo biloba, an
ancient plant native to China, is renowned for its
resilience and medicinal applications. Ginkgo bilo-
ba extract (EGB) contains flavonoid glycosides and
terpene trilactones, providing antioxidant, circula-
tory, and neuroprotective benefits’*>. Flavonoids
in EGB contribute to its antioxidant properties,
while terpenes act as antagonists of platelet-acti-
vating factor (PAF), implicated in insulin resistance
and diabetic complications such as neuropathy,
retinopathy, and vascular disorders®®>7:8,

Aziz et al. (2018)'® compared the adjuvant use of
EGB with metformin in 40 patients with metabolic
syndrome and impaired fasting glucose. Combined
therapy reduced HbATc by 0.6 = 0.7 (p=0.001)
and fasting glucose by 18 £ 16.1 (p<0.002), outper-
forming metformin alone. Another study with type
2 diabetic patients using metformin and EGB also
demonstrated significant improvements, including
reductions in HbA1c (0.7 £ 1.2, p<0.001) and fast-
ing glucose (40 = 36.1, p<0.001)?°. These findings
are consistent with earlier animal studies showing
similar protective effects against hyperglycemia
and insulin resistance®%°,

Zhao et al. (2016)" examined the combination of
24 mg of Ginkgo biloba with 1.5 g of Liuwei in type
2 diabetic patients, reporting reductions of 0.1 + 1.1
in HbAT1c (p>0.05) and 5.4 + 25.2 in fasting glucose
(p>0.05). Although these results did not reach statisti-
cal significance, the study observed a significantly low-
er prevalence of diabetic retinopathy and nephropathy
in the treatment group, with relative risk reductions of
66% and 44%, respectively, over three years.

This review faced limitations, including a re-
stricted number of studies, variability in sample
sizes, dosage regimens, and study designs. These
factors hinder robust comparisons and contribute
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to inconsistencies in the results. Establishing stan-
dardized protocols for future research is essential

CONCLUSION

The plants studied stand out as promising herbal
species and bioactive agents for complementary dia-
betes management, demonstrating benefits in glyce-
mic control and mitigation of associated complica-
tions. However, the undeniable need for well-designed
study protocols remains in order to standardize and

to clarify the therapeutic potential of curcumin and
Ginkgo biloba in diabetes management.

improve the quality of research outcomes. Such efforts
are essential to establish clear guidelines on dosage
and administration, facilitating the integration of phy-
totherapy into diabetes treatment. This would ensure
safe and effective therapeutic options while optimizing
strategies for diabetes management.
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