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Diabetes mellitus (DM) and its complications pose a major public health threat which is
approaching epidemic proportions globally. Current drug options may not provide good
efficacy and even cause serious adverse effects. Seeking safe and effective agents for DM
treatment has been an area of intensive interest. As a healing system originating in Tibet,
Traditional Tibetan Medicine (TTM) has been widely used by Tibetan people for the
prevention and treatment of DM and its complications for hundreds of years. Tibetan
Materia Medica (TMM) including the flower of Edgeworthia gardneri (Wall.) Meisn.,
Phyllanthi Fructus, Chebulae Fructus, Huidouba, and Berberidis Cortex are most
frequently used and studied. These TMMs possess hypoglycemic, anti-insulin
resistant, anti-glycation, lipid lowering, anti-inflammatory, and anti-oxidative effects. The
underlying mechanisms of these actions may be related to their α-glucosidase inhibitory,
insulin signaling promoting, PPARs-activating, gut microbiota modulation, islet β cell-
preserving, and TNF-α signaling suppressive properties. This review presents a
comprehensive overview of the mode and mechanisms of action of various active
constituents, extracts, preparations, and formulas from TMM. The dynamic beneficial
effects of the products prepared from TMM for the management of DM and its
complications are summarized. These TMMs are valuable materia medica which have
the potential to be developed as safe and effective anti-DM agents.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder with insufficient insulin production or
insulin resistance, resulting in a high level of blood glucose (Chatterjee et al., 2017). In the past three
decades, DM prevalence has quadrupled globally (Zheng et al., 2018) with 463 million people living
with DM worldwide, particularly in low- and middle-income countries, in which 90% are type 2
diabetes mellitus (T2DM) (International Diabetes Federation, 2019). Moreover, DM is a complex
metabolic disorder that is accompanied by life-threatening complications, such as diabetic
nephropathy diabetic retinopathy and cardiovascular diseases (GBD 2013 Mortality and Causes
of Death Collaborators, 2015). According to the World Health Organization (WHO) statistics,
approximately 1.5 million deaths were directly attributed to DM in 2019 (Gravina et al., 2021). The
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increasing trends in the prevalence of disability and premature
morbidity impose a considerable economic burden on society
(Bommer et al., 2017).

Regardless of classification, the general goal in managing DM
includes normalizing blood glucose level and preventing short
and long-term complications. Insulin injection is mostly used in
patients with type 1 DM (T1DM) (JC, 2012), whereas oral
medication is generally prescribed to patients with T2DM,
which is usually initiated with metformin as the first-line
medicine along with combination therapy including other
hypoglycemic agents, such as pioglitazone, sulfonylureas,
meglitinides, and α-glucosidase inhibitors (Nathan, 2015).
However, current therapies for DM are unlikely to achieve
long-term glycemic control. Many classic well-established
agents have their own adverse effects and limitations such as
abdominal discomfort, gastrointestinal disorders (Dujic et al.,
2016), undesired weight gain (Loke et al., 2009) and
cardiovascular events (Gilbert and Krum, 2015). New classes
of glucose-lowering agents including dipeptidyl peptidase 4
(DPP-4) inhibitors, glucagon-like peptide 1 receptor agonists
(GLP-1RAs) and sodium-glucose transport protein 2 (SGLT2)
inhibitors provide an opportunemoment for DM therapies with a
lower risk of side effects and higher therapeutic efficacy. However,
these drugs cost far more than the conventional ones and impose
a huge financial burden on the patients (Tahrani et al., 2016).
Therefore, seeking inexpensive, effective, and safe anti-diabetic
agents has always been an area of intensive interest.

As one of the oldest medical systems in the world, Traditional
Tibetan Medicine (TTM), also known as Sowa Rigpa in the
Tibetan language, is gradually being brought into the limelight
with growing attraction to researchers in Asia, and more recently
in Europe and North America. With a long history of more than
2,000 years, TTM formed its own medical system that includes
the elements of Traditional Chinese Medicine, Indian and Arabic
medication (Liu et al., 2009). The theory of TTM is based on the
holistic understanding of human health and the natural
environment. The functions of the human body were governed
by “three humors”, namely, wind, bile, and phlegm (rlung,mkhris
pa, and bad kan in Tibetan construct respectively). The imbalance
of these three humors is closely relevant to the etiology of various
diseases like DM (Finckh, 1984). According to the TTM theory,
all herbs consist of five cosmic energies, including space, air, fire,
water, and earth (Duo, 1998). Dietary and lifestyle modifications
as well as the administration of herbal medicines are often used
among Tibetan medical practitioners to regulate the imbalances
of these three humors.

Classic herbal pharmacopeia and monographs recorded the
use of natural TTM products in managing DM and its
complications centuries ago (Fu et al., 2020). Even today,
Tibetan Materia Medica (TMM) is still widely used for the
treatment of DM in clinics. As the “holistic view” of dynamic
balance based on the “three humors” is a unique understanding of
DM among Tibetan medical practitioners, treatments for DM
and its complications are characteristic advantages of Tibetan
medicine. Data from randomized controlled trials (RCTs)
conducted in China showed that TMM has potential benefits
for the management of various diseases including diabetes and its

complications (Namdul et al., 2001; Luo et al., 2015). Notably,
accumulated scientific evidences over the past decades indicate
that TMM including herbal extracts, Tibetan prescriptions and
patent medicine play essential roles in treating DM and its
complications (Hao et al., 2018). However, an updated
systematic review for TMM in the treatment of DM from
pharmacological perspectives is still lacking. In this context,
we summarized the traditional uses, active ingredients, and
biological/pharmacological activities of TMM concerning its
therapeutic value in the management of DM. It is intended to
give an overview of the latest scientific knowledge about the
impact of TMMonDM and provide a better understanding of the
beneficial effects of TMM to DM patients.

PATHOGENESIS AND CURRENT
MANAGEMENT OF DIABETES MELLITUS

Insulin is a pivotal endocrine peptide hormone secreted by islet
β-cell to orchestrate regulatory responses to nutrient sensing.
Insulin mediates anabolism in insulin-sensitive tissues, typically
including skeletal muscle, liver, and white adipose tissues. These
tissues, in turn, feedback information to islet cells about their
need for insulin. This feedback loop ensures integration and
maintenance of glucose homeostasis (Kahn et al., 2014). DM
occurs when there is an imbalance between the demand and
production of the insulin. Complete insulin deficiency often
caused by an acute destruction of pancreatic beta-cells due to
autoimmune disorders, which is the main pathology of T1DM.
Moreover, T2DM is characterized by chronic, low-grade
inflammation that accompanies by defect in insulin binding to
receptors in target tissues (insulin resistance). Genetic mutations,
epigenetic changes in relevant genes and environmental factors
are important to the development of autoimmune disorders,
insulin resistance and β-cell dysfunction in T2DM (Stumvoll
et al., 2005; Bluestone et al., 2010). Besides, unhealthy diet,
especially increased amounts of dietary fat (saturated fat in
particular) and fructose, is one of the key environmental
factors that contributes to glucose intolerance and insulin
resistance (Hu et al., 2001). DM-related complications are
largely ascribed to vascular damage induced by metabolic
abnormalities, affecting eyes, feet, kidneys, peripheral, and
autonomic nervous systems. Hyperglycemia often causes redox
imbalance and inflammation and affects epigenetic pathways
(Creager et al., 2003; Forbes and Cooper, 2013). These
subsequent factors are also responsible for functional and
structural alterations of the vessel wall, which culminates with
diabetic vascular complications.

At present, the overall clinical strategy for the prevention and
management of DM and its complications aims at achieving
effective and sustained glycemic control (Ismail-Beigi, 2012).
T2DM can be largely prevented by lifestyle modification in
high-risk patients with impaired glucose tolerance. If the
lifestyle interventions did not meet the criterion for
equivalence for glycemic control, pharmacological therapies
are probably required for these T2DM patients. Oral
medication is usually initiated with metformin as first-line
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therapy. If treatment with a single anti-diabetic medication is not
satisfactory, a range of combination therapy options with other
well-established agents are now available (American Diabetes
Association, 2015). When oral medications are unable to control
hyperglycemia to recommended levels, insulin injections may be
necessary for T2DM patients (Kramer et al., 2013). Long-term
administration of conventional oral glucose-lowering drugs, such
as sulfonylureas, biguanides, thiazolidinediones, and
α-glucosidase inhibitors may cause unpleasant side effects
including abdominal discomfort and other gastrointestinal
adverse effects (Yang et al., 2014), edema, undesired weight
gain and cardiovascular events (Gilbert and Krum, 2015).
Compared with these medications, new hypoglycemic agents
including GLP-1RAs, DPP-4 inhibitors, and SGLT2 inhibitors
have less above adverse effects, but these drugs cost far exceeds
than the older agents (e.g. sulfonylureas and meglitinides)
(Tahrani et al., 2016).

Although benefit-risk balance for different anti-DM agents
varies among patients, early, effective and sustained glycemic
control could delay the progression of DM and prevent the
hyperglycemia-related complications (Ismail-Beigi et al., 2010).
Natural products, which have long been used in traditional
systems of medicine for DM, represent an ideal source to
explore safe and effective anti-DM agents (Xu et al., 2018;
Semwal et al., 2021). There are numerous studies investigated
the anti-DM property of TTM and the common therapeutic
targets including α-glucosidase, PPARs (peroxisome proliferator-
activated receptors), insulin signaling pathways, β-cell function
and gut microbiota (Pourcet et al., 2006; Kumar et al., 2011; Li B.
Y. et al., 2019; Li J. et al., 2019; Semwal et al., 2021). Meanwhile,
suppression of pro-inflammatory, pro-fibrogenic and angiogenic
cytokines, such as vascular endothelial growth factor (VEGF) and
transforming growth factor β (TGF-β) is referred as a potent
therapeutic approach for DM and its complications (Joshi et al.,
2019; Lu et al., 2019). Thus, the multi-target characteristics of
TTM may be advantageous over single-target drugs in the
treatment of complex metabolic diseases like DM.

TIBETAN MEDICINE THEORY OF
DIABETES MELLITUS

According to Four Treatises or Four Tantras (Si Bu Yi Dian), one of
the most classic literatures of TTM,DM is categorized as “gcin snyi
sa khu” disease in traditional Tibetanmedical theory (Dhangombo,
1983). The word “gcin snyi” in Tibetan refers to frequent urination
and “sa khu”means consumption and impurity, suggesting that the
essential feature of DM in a TTM theory is excess urination and
emaciation thereby gradually wearing the body down. This
understanding of DM is consistent with the modern medicine
theory which elucidates the pathological syndromes of DM. In
Tibetan theory of medicine, the fundamental point of view about
the physiology and pathology of DM is built on the notions of three
humors. Since TTM views health as a state of balance, the etiology
of DM is divided into internal and external causes based on the
imbalance of three humors. The internal causes mainly refer to
mental confusions inclusive of greed, anger and ignorance thatmay

lead to dysfunction of rlung, mkhris pa, and bad kan. The external
causes include improper diet, damp environment and other
unhealthy lifestyles, consequently giving rise to the overflow of
bad kan and fat through the body. Accordingly, there are 3
subtypes of DM: rlung type, mkhris pa type, and bad kan type
(Zhong, 2014). As discussed in Four Tantras, bad kan type is
identified as over-nutrition followed by hyperglycemia and obesity.
Mkhris pa type shows weakened ability of glucose uptake and
utilization and thus the body breaks down stored fat for energy
which leads to rapid emaciation and ketonuria. Rlung type appears
with diabetic complications such as palpitation, insomnia and
glaucoma. Therefore, a comprehensive Tibetan diagnosis helps
to identify the condition of disease progression (Dakpa and
Dodson-Lavelle, 2009) and with the involvement of
personalized clinical interventions, TTM exhibits great
therapeutic value in DM and its complications.

Tibetan therapeutic prescriptions often begin with dietary and
lifestyle modifications followed by oral administration of herbal
medicines to restore the balance of the three humors. TTM
physicians also recommend patients engage in self-regulatory
practices (i.e., yoga and meditation) as a strategic approach for
treating the body andmood in tandem. Natural Tibetan medicine
and patent medicine are most widely used for the treatment of
DM and its complications in Western China, which have drawn
considerable attention among researchers to identify the active
constituents and explore the underlying mechanisms of their
anti-DM action.

COMMONLY USED TIBETAN MATERIA
MEDICA FOR DIABETES MELLITUS
TREATMENT
In recent years, TMM has increasingly been accepted by more and
more people worldwide, especially for the management of DM, and
the researches for the anti-diabetic effects of TMM become
increasingly popular (Song et al., 2016). Here, we performed a
large-scale text mining of PubMed and China National Knowledge
Infrastructure (CNKI). We extracted the promising anti-diabetic
TMM from the English and Chinese scientific literatures (from
Jan. 1st, 2000 to Jun. 15th, 2021) with the keywords “Tibetan
medicine” and “diabetes”. Moreover, Google Patents and Chinese
patent database (http://pss-system.cnipa.gov.cn) were also used to
obtain the full spectrum of applications of TMM in anti-diabetic
prescription research. Relevance to DM was calculated by the ratio of
the number of DM-TMM-related papers to the volume of papers
about one single TMM. A p value was calculated to determine the
improbability of co-occurrences of each TMM and DM occur by
chance:

p � 1 −∑k
i�0

f(i) � 1 −∑k
i�0

(K
i
)(N −K

n − i
)

(N
n

)
, (1)

where N is the total number of journal articles in PubMed and
CNKI (62,722 404 articles from January 1st, 2000 to June 15th,
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2021, 16,497 978 in PubMed and 46,224 426 in CNKI,
respectively), K is the number of papers associate with DM in
the meanwhile (798,867 articles in total, 413,090 in PubMed and
385,777 in CNKI, respectively), n is the number of papers of
TMM, k is the number of papers about the anti-diabetic effects of
TMM. The value of N, K, n, and k was obtained from PubMed
and CNKI. p-value indicates the significance of relevance between
each TMM andDM (when p-value < 0.01 means significant) (Sun
et al., 2013).

Among 195 collected DM-TMM-related research articles, 17
species of Tibetan medicinal plants distributed in 11 families were
reported to be associated with the treatment of DM (Figure 1).
Among these TMM, Chebulae Fructus [fruits of Terminalia
chebula Retz. (Family: Combretaceae R. Br.)], Phyllanthi
Fructus [fruits of Phyllanthus emblica L. (Family:
Phyllanthaceae Martinov)], the flower of Edgeworthia gardneri
(Wall.) Meisn. (Family: Thymelaeaceae Juss.), Huidouba and
Turnip [roots of Brassica rapa L. (Family: Brassicaceae
Burnett)] are the top well studied (Table 1).

The results showed that the flower of E. gardneri and
Huidouba were significantly correlated with DM, suggesting
that anti-DM may be one of the major therapeutic effects for
these two TMMs. Studies on the fruits of T. chebula Retz. and P.
emblica L. emphasized their multiple pharmacodynamic activities
rather than their anti-diabetic properties. Meanwhile, Chebulae
Fructus and Phyllanthi Fructus were the most commonly used
TMM in prescriptions for DM treatment among registered
pharmaceutical patents and formulas under scientific
investigation (Table 2), such as Padma 28 and Triphala.

Besides, there was an intense research interest on Turnip, one
of the oldest cultivated vegetables in the world. Turnip possesses
diverse health benefits especially for its anti-DM action (Paul
et al., 2019). In the following sections, major findings on the
therapeutic value of representative TMM in DM and its
complications are reviewed.

Edgeworthia gardneri (Wall.) Meisn
The flower of Edgeworthia gardneri (Wall.) Meisn. (Lv-luo-hua in
Chinese) has been commonly consumed as a healthy beverage in
Tibet to ameliorate metabolic disorders. It has been reported that
the extract of the flower of E. gardneri has a wide array of
pharmacological activities, such as anti-hyperglycemia, anti-
adipogenesis, α-glucosidase inhibition, and anti-oxidation (Li
et al., 2020). The main active components of the flower of E.
gardneri have been identified including coumarins, flavonoids,
polysaccharides, and polyphenols (Xu et al., 2012). Recent studies
focused more on the biological activities of crude extracts of E.
gardneri, such as water extract, n-hexane extract, ethyl acetate
extract and petroleum ether extract. These extracts could lower
blood glucose levels, improve glucose metabolism and lipid
disorder in various diabetic animal models (Bao et al., 2019; Li
et al., 2020).

The hypoglycemic effect of E. gardneri may be related to its
α-glucosidase inhibitory action. The ethyl acetate extract of E.
gardneri was found to possess potent inhibitory effect on
α-glucosidase (Geng et al., 2013). Moreover, many reports
indicated that some compounds isolated from E. gardneri
exhibited anti-DM activity both in vitro and in vivo. Tiliroside,

FIGURE 1 | Reported Tibetan medicinal plants/medicinal materials that are associated with DM treatment.

TABLE 1 | Correlations between TMM with DM.

TMM Volume of articles

Total Relevant to DM
(ratio; p-value)

The flower of Edgeworthia gardneri (Wall.) Meisn 34 17 (3 are reviews) (50.00%; p < 0.001)
Phyllanthi Fructus 1,254 52 (5 are reviews) (4.15%; p < 0.001)
Chebulae Fructus 1,261 34 (4 are reviews) (2.70%; p < 0.001)
Huidouba 39 20 (including one review) (51.28%; p < 0.001)
Turnip (root of Brassica rapa L.) 2,184 14 (including one review) (0.64%; p � 0.997)
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identified as the major compound of the phenolic fraction from
EtOAc extract of E. gardneri, showed a strong α-glucosidase
inhibitory effect with an IC50 value of 202 μg/ml (Ma et al., 2015).
A significant reduction in the postprandial blood glucose levels of
normal and STZ-induced diabetic mice was found after oral
administration of tiliroside at a dose of 300 mg/kg. Tiliroside
also decreased the fasting blood glucose (FBG) levels in diabetic
mice, showing the potential to be an attractive anti-
hyperglycemic agent for DM treatment. Daphnoretin, one of
the coumarins isolated from the EtOAc fraction, displayed
suppressive effect on the activities of α-amylase and
α-glucosidase with IC50 of 90 and 86 μg/ml, respectively (Zhao
et al., 2015). Notably, compared with classic α-glucosidase
inhibitor acarbose with IC50 of 2.8 μg/ml on the anti-
α-amylase activity, daphnoretin seems to have a milder
α-amylase suppressive effect, which may improve prolonged
inhibition of starch hydrolysis and thus might be expected to
cause fewer gastrointestinal adverse effects
(Dehghankooshkghazi and Mathers, 2004).

Additionally, E. gardneri has been shown to promote PPARs
activities which play crucial roles in regulating glucose and lipid
metabolism. It has been reported that n-hexane, ethyl acetate and
n-butanol extracts of E. gardneri could activate PPARγ and
PPARβ in cell models (Gao et al., 2015; Lin and Xia, 2016).
Umbelliferone and pentadecanoic acid separated from the
secondary fractions of EtOAc extract of E. gardneri were
further identified as potential dual agonists for PPARγ/β (Gao
et al., 2015). The activation of PPARs by E. gardneri may be
partially attributed to its fatty acid composition, such as
pentadecanoic acid (Han et al., 2009), which could bind to
PPARs as endogenous ligand and then activates it (Wang L.
M. et al., 2014). Daphnoretin, a dicoumarol component from E.
gardneri, presented to be a PPARα/β/γ pan-agonist both in
insulin-resistant hepatocyte and adipocyte models (Li et al.,
2018; Nan et al., 2019), which may have the potential to
improve metabolic disorder (Kaplan et al., 2001).

Studies also found that E. gardneri improved insulin resistance
in diabetic models. Our recent study showed that the water
extract of the flower of E. gardneri (WEE) ameliorated
palmitate-induced insulin resistance through regulating IRS1/
GSK3β/FoxO1 signaling pathway in HepG2 hepatocytes (Zhang
Y. et al., 2020). Additionally, n-hexane extract of E. gardneri
(EGH) improved insulin resistance in skeletal muscle via
elevating GLUT4 expression both in vivo and in vitro (Meng
et al., 2019). This study further indicated that fraction 1 isolated
by gel chromatography from EGH could attenuate PA-induced
insulin resistance in C2C12 cells via modulating IR/AMPK/
GLUT4 signaling pathway (Meng et al., 2019). In addition, gut
microbial imbalance affects carbohydrate, lipid, and amino acid
metabolism and plays an important role in the pathogenesis of
insulin resistance (Cani and Delzenne, 2009). WEE could reduce
homeostasis model assessment of insulin resistance index in
diabetic mice (Zhang et al., 2019). High-throughput 16S
rRNA-Seq analysis further showed that WEE regulated gut
bacterial phylotypes to restore the balanced gut microbiota.
WEE also increased the content of short chain fatty acids
secreted by the gut microbiota to improve gut barrier
functions and ameliorate insulin resistance (Zhang et al., 2019).

Besides, quercetin (10 μmol/L) extracted from E. gardneri
markedly enhanced insulin secretion in the presence of
glucose (8.3 mmol/L) in MIN-6 cell (Zhuang et al., 2018). In
the case of glucose-induced insulin secretion, exocytosis of insulin
granules is initiated by intracellular calcium influx through
plasmalemmal voltage-dependent calcium channels (VDCCs)
(Rorsman and Ashcroft, 2018). Then extracellular-signal-
regulated kinase (ERK) phosphorylation driven by VDCC-
induced cAMP accumulation is rapidly activated on the
plasma membrane upon glucose stimulation (Pratt et al.,
2016). Moreover, calcium channel inhibitor nifedipine and
ERK1/2 inhibitor AZD8330 inhibited quercetin-induced
insulin secretion, indicating that quercetin enhanced insulin
secretion via calcium and ERK1/2 signaling pathways (Zhuang

TABLE 2 | TMM used in anti-DM prescriptions and registered patents.

TMM Patent publication
number

Herbal formula

Phyllanthi Fructus CN-1899565-A Siwei Jianghuang Decoction Powder; Triphala; Eighteen-FlavorMyrobalan
Diuretic pills; Jikan Mingmu Drops; Tang-Kang-Fu-SanCN-103948666-A

CN-103961551-A
CN-103961392-A
CN-105106644-A
CN-109331147-A
CN-108404063-A

Chebulae Fructus CN-105106644-A Padma 28; Triphala; Eighteen-Flavor Myrobalan Diuretic pills; Jikan
Mingmu DropsCN-108653682-A

CN-108404063-A
The flower of Edgeworthia gardneri (Wall.) Meisn CN-106620085-A

(LLKL)
Berberidis Cortex CN-1899565-A Siwei Jianghuang Decoction Powder; Eighteen-Flavor Myrobalan Diuretic

pills; Tang-Kang-Fu-San; Jikan Mingmu DropsCN-103961551-A
CN-108404063-A

Liucha [young leaves and shoots of Sibiraea laevigata (L.) Maxim. and
Sibiraea angustata (Rehder) Hand.-Mazz.]

CN-106620085-A LLKL

Huidouba — Compound HDB, (Zhao et al., 2011)
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et al., 2018). Meanwhile, the decline of mitochondrial membrane
potential is an early hallmark of apoptosis (Barbu et al., 2002).
Quercetin treatment inhibited palmitic acid induced cell
apoptosis by suppressing the activation of caspase-3, -9, -12. It
also increased the ratio of Bcl-2/BAX and attenuated the impaired
mitochondrial membrane in MIN-6 cells (Zhuang et al., 2018).

Phyllanthus emblica L
Phyllanthus emblica L., whose fruits are also known as Indian
gooseberry and “skyu-ru-ra” in Tibetan, is a widely used
medicinal plant in Indian and Tibetan folk medicine. The
fruits of P. emblica have been intensively studied and have
potential to manage various diseases like DM. Clinical study
indicated that administration of P. emblica fruit powder for
3 weeks could significantly lower blood glucose and lipids in
diabetic patients (Akhtar et al., 2011). Moreover, after treatment
with water extract of Phyllanthi Fructus, the improvement of
endothelial function, oxidative stress and inflammation were
observed in T2DM patients (Usharani et al., 2013). Pre-clinical
research illustrated that Phyllanthi Fructus attenuated
hyperglycemia as a potent α-glucosidase inhibitor and free
radical scavenger in vitro (Nampoothiri et al., 2011; Majeed
et al., 2020). Phyllanthi Fructus aqueous extract also elevated
the expression of PPARγ and adiponectin in adipose tissue of
high fat diet induced obese rats, representing a potential target of
PPARγ activation (Xi et al., 2009). Phyllanthi Fructus extract was
also reported to alleviate insulin resistance via increasing the
expression of PI3K, Akt, and GLUT4 in skeletal muscle of STZ-
induced diabetic rats (Dong et al., 2009; Hu, 2012).

Gallic acid (GA), one of the bioactive polyphenolic
components isolated from Phyllanthi Fructus, activated
PPARγ and C/EBP in an Akt-dependent manner and
upregulated the expression of GLUT4 thereby promoting
glucose uptake in 3T3-L1 adipocytes (Variya et al., 2020). GA
also improved metabolic parameters in db/db mice and fructose-
fed SD rats (Variya et al., 2020). GA could down-regulate the
expression of thioredoxin-interacting protein (TXNIP) to
ameliorate oxidative stress and endoplasmic reticulum stress,
thereby promoting glucose uptake and alleviating pancreatic
β-cell glucose toxicity. GA also suppressed the expression of
NOD-, LRR-, and pyrin domain-containing protein 3
(NLRP3) and formation of NLRP3 inflammasome and
markedly ameliorated glucotoxicity-induced apoptosis of β-cell
in vivo and in vitro (Zuo et al., 2018). In addition to GA, its
dimeric derivative ellagic acid (EA) displays a remarkable anti-
diabetic activity by protecting islet β-cells. EA improved glucose-
stimulated insulin secretion from isolated islets and glucose
tolerance in STZ-induced T2DM rats. It also decreased
thiobarbituric acid-reactive substances (TBARS, a marker of
lipid peroxidation) while increased plasma total antioxidants
and liver GSH, which may contribute to the improved β-cell
mass and function (Fatima et al., 2017).

In addition, Phyllanthi Fructus exhibits strong protective
effect on DM-related complications. The enriched tannoids
isolated from P. emblica obviously inhibited both rat lens and
human aldose reductase (AR) with IC50 of 6 and 10 μg/ml
respectively (Suryanarayana et al., 2004). The tannoids fraction

also prevented sugar-induced AR activation and the osmotic
changes in cultured rat lens organs, suggesting its therapeutic
potential for cataract. Further study demonstrated that cataract
progression was delayed in tannoids-treated diabetic rats
(Suryanarayana et al., 2007). This may be contributed to its
inhibitory effect on AR activity and sorbitol accumulation by
Emblica tannoids. Furthermore, 1-O-galloyl-β-D-glucose
(β-glucogallin), one of the metabolites and major biosynthetic
precursors of tannoids, is presented as a selective inhibitor of
human AR in vitro (Puppala et al., 2012). β-glucogallin also
repressed sorbitol accumulation in AKR1B1 transgenic mouse
lenses under high glucose exposure (Puppala et al., 2012). Besides
β-glucogallin, another metabolite of ellagitannin, urolithin A
(UroA) could prevent vascular smooth muscle cell
proliferation induced by hyperglycemia via regulating Akt/
Wnt/β-catenin signaling pathway (Zhou et al., 2018).
Phyllanthi Fructus could inhibit glycation reaction by reducing
glycosylated protein level in vitro (Rao et al., 2005; Nampoothiri
et al., 2011). P. emblica was also reported to attenuate diabetic
neuropathy and relieve neuropathic pain, suggesting its anti-
oxidative and anti-inflammatory properties (Kumar et al., 2009;
Tiwari et al., 2011).

Terminalia chebula Retz
Terminalia chebula Retz., the fruit of which is commonly known as
Chebulic Myrobalan or Haritaki, is one of the major medicinal
plants in Tibetan and Ayurvedic systems of medicine (Sharma
et al., 2019). In Tibet, Haritaki is called “a-ru-ra” and recognized as
“man-mchog-rgyal-lo” which means “king of medicines” (Meher
et al., 2018). Haritaki is often used in traditional medicine for its
wide spectrum of pharmacological activities, such as anti-
inflammation, anti-oxidation, anti-DM, and hepato-protection
(Gupta, 2012; Silawat and Gupta, 2013). The health benefits
may be associated with the presence of various phytochemicals
such as polyphenols, anthocyanins, terpenes, flavonoids, alkaloids,
and glycosides (Muhammad et al., 2012). Network pharmacology
research revealed that 4 potential targeted compounds isolated
from T. chebula extracts, including EA, luteolin, chebulic acid and
quercetin have appropriate oral bioavailability and drug-like
properties (Wang D. Y. et al., 2014). It has been reported that
EA, luteolin and quercetin inhibited the activities of α-glucosidase
in vitro (Tabopda et al., 2008; Li et al., 2009; Yan et al., 2014). Three
active ellagitannins including chebulanin, chebulagic acid and
chebulinic acid isolated from the aqueous methanolic extract of
dried fruit of T. chebula possess potent rat intestinal maltase
inhibitory activity (Gao et al., 2007). Chebulagic acid was
further proved to be a reversible and non-competitive inhibitor
of maltase (Gao et al., 2008). It has also been reported that
chebulagic acid significantly reduced post-administration blood
glucose level of SD maltose-loaded male rats (Huang et al., 2012).
The above findings suggested that Haritakimay delay carbohydrate
digestion by inhibiting α-glucosidase activity with maltase as the
main substrate.

Moreover, three gallotannins isolated from T. chebula,
including 2,3,6-tri-O-galloyl-β-D-glucose, 1,2,3,6-tetra-O-
galloyl-β-D-glucose and PGG were found to enhance insulin-
stimulated glucose uptake through elevating PPARα/γ expression
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in HepG2 cells. Meanwhile, these compounds did not promote
adipogenesis in 3T3-L1 cells, suggesting that these compounds
increased cellular glucose uptake through activation of PPARs
thereby accelerating glucose consumption (Yang et al., 2013). T.
chebula methanolic extract containing 2.7% chebulic acid (CA)
and EtOAc-soluble portion of ethanolic extract of T. chebula fruit
containing 29.4% CA was reported to present preventive effects
against the aggregation of advanced glycation end products
(AGEs) (Kim et al., 2011; Lee et al., 2011). A further in vitro
study illustrated that CA isolated from Terminalia chebula
inhibited glycolaldehyde-glycated bovine serum albumin
induced collagen cross-link formation and broke existent cross-
links via its chelating and antioxidant activities (Lee et al., 2014).
CA prevented glyceraldehyde-related AGEs (glycer-AGEs)-
induced transendothelial electrical resistance reduction on
Human umbilical vein endothelial cell (HUVEC), indicating
enhanced endothelial barrier function (Lee et al., 2010).
Increased adhesion of HUVEC with human monocytic THP-1
cells induced by glycer-AGEs was remarkably suppressed after CA
treatment (Lee et al., 2010). In addition, in silico experiments
showed that CA could bind with TGF-β receptor thus inhibiting
the downstream signaling and tissue fibrosis (Shanmuganathan
and Angayarkanni, 2019). The above studies suggest that T.
chebula especially its bioactive component chebulic acid can act
as agents for the treatment of DM and its complications.

Huidouba
Huidouba (HDB), the strip-shaped or bag-shaped cobwebs of
spiders of the genus Atypus which lived on tea plants in Mount
Emei, has long been used for DM management in Sichuan and
Tibet provinces. As a folk medicine and functional food, HDB
could improve diabetic symptoms and prevent diabetic
complications with a reputation as “the enemy of DM” in the
local area (Yang and Kang, 2017). HDB contains various
compositions including proteins, polysaccharides, flavonoids,
saponins and alkaloids among which polysaccharides are the
main effective components (Wu et al., 2009). Several studies
indicated that polysaccharides purified from HDB exhibited
potential suppressive effect on α-glucosidase activity in vitro
and in vivo. Crude polysaccharides from Huidouba (CHDBP)
as well as purified HDBP-1 and HDBP-2 substantially inhibited
α-glucosidase activities, with IC50 values of 0.019, 0.039, and
0.013 mg/ml, respectively. They were more potent than the
positive control namely acarbose (IC50 � 0.097 mg/ml).
Furthermore, heteropolysaccharide HDBP-2 with lower
molecular weight (9.703 kDa) performed better in antioxidant
capacity, α-glucosidase inhibitory and hypoglycemic activities
(Yan et al., 2014; Chen et al., 2018). This may be attributed to
their easier access to the cellular interior with fewer difficulties
passing through structural barriers as for relatively smaller
molecules. In addition, these polysaccharides decreased the
serum triglyceride (TG), total cholesterol (TC), and low-
density lipoprotein cholesterol (LDL-C) levels and significantly
improved oral glucose tolerance (OGT) in T2DM KKAy mice,
indicating a potential to ameliorate T2DM symptoms. Apart
from polysaccharides, protein components of HDB also
showed potential for meliorating DM. In an alloxan-induced

diabetic mouse model, among polysaccharide, protein and
alkaloid extracts, HDB proteins showed profound
hypoglycemic activity with strong inhibitory effect on
α-glucosidase while the combined extract was superior to all
these fractions (Wu et al., 2013). The coordination of multiple
components from the combined extract is likely to enhance its
hypoglycemic performance. High throughput screening assay
also indicated that ethyl acetate extract and n-hexane extract
of HBD displayed remarkable activation on PPARγ and PPARβ
(Lin and Xia, 2016). The EtOAc and n-hexane extracts mainly
contain volatile oil, fatty acids, terpenoids and some alkaloids
with low polarity, which may improve their interaction with the
binding site of PPARs.

Meanwhile, studies found that HDB could improve renal
function in diabetic models. In the mouse model of diabetic
nephropathy, HDB ethanol extract, water extract and
polysaccharides administration decreased the glucose,
creatinine, urea nitrogen, urine protein, glycosylated serum
protein and AGEs in serum (Zhou et al., 2018). HDB extracts
also alleviated the glomerular basement membrane (GBM)
thickening, mesangial matrix expansion, renal tubular and
epithelial cells degeneration. The extracts alleviated the renal
damage via inhibition of the expression of fibrosis and
inflammation markers including fibronectin (FN), intercellular
adhesion factor-1 (ICAM-1) and TGF-β1. In particular, HDB
aqueous extract markedly reduced malondialdehyde (MDA) in
the kidney and downregulated the expression of Nox4
predominantly located in the glomerular tissue while
upregulated nephrin and WT1 expression in DN rat, implying
a potent antioxidant ability to ameliorate renal injury (Yang et al.,
2020). HDB proteins also displayed a significant suppressive
effect on aldose reductase, thereby attenuating oxidative stress
(Wu et al., 2013).

Berberidis Cortex
Plants belonging to the genus Berberis (Berberidaceae) are widely
distributed in subtropical and temperate regions with nearly 550
species (Mokhberdezfuli et al., 2014). Berberidis Cortex, the dried
root or stem bark of Berberis kansuensis Schneid. and its relative
plants, is one of the most commonly used TMMs and the key
ingredients of a variety of prescriptions for the treatment of
chronic metabolic diseases. B. vernae Schneid. and B. dictyophylla
Franch. are widely used in clinics. Extracts and compounds
obtained from Berberis species, especially Berberine alkaloid
(BBR), showed potential abilities to treat DM and other
metabolic diseases (Belwal et al., 2020).

Recent pharmacological studies showed that the levels of FBG,
glycated serum protein, insulin, insulin resistance index, TNF-α
and IL-6 were decreased after 30-days treatment with the water
extract of dried stem bark of B. kansuensis in T2DM rats (Du
et al., 2020; Xu et al., 2021). 1H NMR-based metabolomics
indicated that among 28 metabolites identified in rat serum, 8
of them including isoleucine, acetoacetate, betaine, valine,
glucose, glutamate, N-acetyl glycoproteins, and LDL/VLDL
were significantly reversed after B. kansuensis treatment.
Further analysis of metabolic pathways revealed that the anti-
diabetic effect of B. kansuensismight be related to the modulation
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of glycolysis and gluconeogenesis, citric acid cycle, lipid
metabolism, amino acid metabolism, and choline metabolism.
Meanwhile, B. kansuensis extract regulated gut microbiota
composition in T2DM rats (Xu et al., 2021). Of note, B.
kansuensis extract did not improve insulin resistance in
pseudo-germ-free T2DM rats, suggesting that the anti-diabetic
effect of B. kansuensis may be closely associated with its
modulation of gut microbiota.

Numerous studies revealed that BBR posses insulin-sensitizing
effects. BBR concentration-dependently increased the expression
of insulin receptor (IR) expression in cultured human liver cells
and L6 rat skeletal muscle cells through regulating protein kinase
C (PKC)-dependent signaling (Kong et al., 2009). BBR prevented
mitochondrial dysfunction and increased mitochondrial
biogenesis and AMPK activation in C2C12 myoblasts (Gomes
et al., 2012). However, this improvement was largely inhibited by
knockdown of sirtuin 1 (SIRT1), suggesting that BBR is likely to
stimulate mitochondrial biogenesis via a SIRT1-mediated
mechanism which protects muscle from diet-induced insulin
resistance. BBR also inhibited the phosphatase activity of
protein tyrosine phosphatase 1B (PTP1B) (Chen et al., 2010),
which catalyzed IR dephosphorylation in adipocytes but could be
repressed by SIRT1 (Shi et al., 2004; Sun et al., 2007). Therefore,
the insulin-sensitizing effect of BBR is probably mediated by
SIRT1-dependent inhibition of PTP1B activity. Moreover, BBR
improved insulin resistance through alleviation of gut microbiota
dysbiosis in db/db mice (Liu et al., 2018). These findings indicate
that BBR has potential ability to ameliorate insulin resistance.

In addition, prescriptions prepared from Berberidis Cortex are
commonly used in the management of DM in Tibet. Tibetan

medicine formulas such as Tang-Kang-Fu-San, Siwei Jianghuang
Decoction and Jikan Mingmu Drops, exhibited potential anti-
diabetic effects (Duan et al., 2017b; Lai et al., 2018; Ai et al., 2019).
Tang-Kang-Fu-San was reported to promote Akt and AMPK
activities, thereby increasing GLUT4 translocation to the plasma
in skeletal muscles of db/db mice to improve insulin resistance
(Duan et al., 2017a). Siwei Jianghuang Decoction Powder (SWJH)
documented originally in Four Tantras, is often used in kidney
disease treatment. SWJH extract could alleviate hyperglycemia,
renal fibrosis, and GBM thickness in db/dbmice (Lai et al., 2018).
Furthermore, hypoxia inducible factor-1α (HIF-1α) is a
transcription factor induced by hypoxia reaction and could
activate the expression of target genes such as VEGF to
exacerbate fibrosis and inflammation (Mayer, 2011). SWJH
and its bioactive component BBR could inhibit the
overexpression of HIF-1α, TGF-β1, and VEGF in db/db mice
thus ameliorate the renal damage (Lai et al., 2018). Jikan Mingmu
Drops (JMD), containing six herbs including Berberidis Cortex, is
currently used to treat diabetic induced dry eye syndrome (DES).
JMD treatment markedly increased the tear volume, decreased
the corneal fluorescein staining score, restored the morphology
and structure of conjunctival epithelial cells in benzalkonium
chloride induced DES model of db/db mice (Ai et al., 2019). This
may be associated with its suppressive effect on the production of
inflammatory mediators.

Triphala
Triphala (THL), also known as Zhe-Bu-Song decoction, is
composed of the fruits of three Tibetan herbs, including
Phyllanthi Fructus, Chebulae Fructus, and Fructus Terminaliae

FIGURE 2 | Mechanisms of action of commonly studied anti-DM Tibetan medicines.
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Billericae [fruits of Terminalia bellirica (Gaertn.) Roxb.]. THL is
one of the most common basic prescriptions accessible in both
Ayurveda and Tibetan medicine for balancing and revivifying the
three humors (Peterson et al., 2017). A recent clinical study
showed that blood glucose and lipid levels were significantly
reduced in T2DM patients after 12-months treatment of THL
(Singh et al., 2015). Meanwhile, the activity of antioxidant
enzymes was notably up-regulated and DNA damage was also
attenuated in THL-administered patients. Long-term
administration of THL did not show obvious toxicity, which
illustrated that THL was a promising therapeutic candidate as an
alternative anti-diabetic drug with high safety performance.

Incretins such as GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) are released from the gut, which potentiate
insulin release in a glucose-dependent manner (Baggio and
Drucker, 2007) and modulate β-cell energetics in intact islets

of Langerhans (Hodson et al., 2014). Recent study showed that
the size of islet and the number of β-cell granules stained in deep
purple was notably enhanced after 6-weeks of THL
administration in STZ-induced diabetic rats, indicating a
preservative effect of THL on islet β-cell. THL up-regulated
the components of incretin/cAMP signaling pathway including
GIP, GLP-1, GLP-1R, and cAMP and promoted the
phosphorylation of PKA (Zhang Y. J. et al., 2020). It also
down-regulated the expression of TXNIP, a vital modulator
participating in pancreatic β-cell bioactivity and an indicator
of oxidative stress involved in DM progression (Schulze et al.,
2004; Chen et al., 2008). This study suggested that THL may
enhance the activity of incretin/cAMP signal pathway to affect the
proliferation and apoptosis of islet β cells. In addition,
supplementation of THL for 45 days obviously reduced the
blood glucose levels in non-insulin-dependent diabetic patients

FIGURE 3 | Schematic diagram showing the possible molecular targets of specific bioactive extracts and components from Tibetan medicines.
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(Rajan and Antony, 2008). It has been reported that the
hypoglycemic effect by THL may be related to its pancreatic
glycolytic enzyme suppressive effects and anti-glycation potential
(Ganeshpurkar et al., 2015).

In addition, alcoholic extract of THL (AlE) along with its
bioactive principles CA, chebulinic acid (CI) and GA displayed
anti-inflammatory and anti-angiogenic properties in diabetic cell
models (Shanmuganathan and Angayarkanni, 2018). In DM,
hyperglycemia, hypertension and dyslipidemia induce oxidative
stress, nuclear factor-κB (NF-κB) activation, dysregulation of NOS,
and formation of AGEs, leading to endothelium dysfunction and
the resultant complications (Hink et al., 2001; Giacco and
Brownlee, 2010). Chronic inflammation is considered to be one
of the characteristic features seen at sites of diabetic complications
(Feng et al., 2005). Elevated circulating pro-inflammatory
cytokines and chemokines have been shown to influence glial
cell and neuron behavior, contributing to the pathological
processes relevant to both diabetic neuropathy and retinopathy
(Doupis et al., 2009; Mesquida et al., 2019). Treatment with CA/CI/
GA and AlE markedly suppressed TNF-α-induced pro-
inflammatory and pro-angiogenic changes in chorioretinal
microvascular endothelial cells (RF/6A) (Shanmuganathan and
Angayarkanni, 2018). This was mediated by remarkable
inhibition of p38, ERK, and NF-κB phosphorylation and
subsequent production of cytokines. In silico studies further
revealed that CA, CI, and GA have the potential to bind TNFα-
receptor-1 thereby blocking TNF-α signaling transduction.
Collectively, as a polyherbal formula, THL exerts various
pharmacological properties for protection against DM, which
highlights its clinical effects on treatment for DM and its
complications.

Padma 28
Padma are a series of herbal patent medicines and food
supplements which are manufactured as commercial products
on a large scale and consumed globally. Padma 28, based on the
well-known 28th formula of a traditional Tibetan formula
collection, is a Swiss herbal remedy that consists of over 22
herbal drugs. It has been reported that Padma 28 could improve
circulatory disorders such as intermittent claudication in clinical
trials (Stewart et al., 2016). A systematic review interpreted that
indications of efficacy were also found in other vascular diseases,
inflammatory conditions and lipid metabolism disturbances
(Vennos et al., 2013), which suggested that Padma 28 may
have the ability to repair metabolic and immune functions.

Thismulti-herbal preparation is rich in secondary plant substances
including essential oils, flavonoids, and tannins (Samochowiec and
Wieland, 1983). Herbal flavonoids isolated from Padma 28 was
investigated to explore the protective effect on the autoimmune
disorder in non-obese diabetic mice (Weiss et al., 2011). The
destruction of β-cells in autoimmune DM involves an imbalanced
Th1/Th2 polarization and Th1/Th2 cytokines (Rabinovitch and
Suarez-Pinzon, 1998). The aqueous extract of Padma 28
containing abundant flavonoids was found to suppress the
development of autoimmune DM in female NOD mice (Weiss
et al., 2011). The levels of Th2 cytokines IL-10 and IL-6 were
increased whereas Th1 cell-derived IL-12 was decreased after

intraperitoneal administration of aqueous Padma 28 extract. In the
meantime, the proportion of CD8+ type 1 cytotoxic T cells, which are
known to be a destructor of islet β-cells (Pinkse et al., 2005), was
reduced by Padma 28 extract treatment. This suggested that Padma 28
water extract regulated Th1/Th2 balance, which may have potential
ability to hinder the development and progression of T1DM (Weiss
et al., 2011). Additionally, 70% ethanolic extracts of Padma 28 and
Padma Circosan significantly inhibited the formation of AGEs and
advanced oxidation protein products to a similar extent as the active
controls aminoguanidine in vitro (Grzebyk and Piwowar, 2014).

CONCLUSION AND IMPLICATIONS

Our current review summarizes the therapeutic effects of the most
commonly studied anti-diabetic TMM in various preclinical and
clinical settings. A number of studies centered on mechanisms
investigation have indicated that multicomponent TMM acts on
multiple molecular targets and signaling pathways to treat DM and
its complications. We summarized the possible anti-DM
mechanisms and targets of the most commonly used TMM in
Figures 2, 3. Supplementary Tables S1, S2 provide a recapitulate of
researches of the most studied TTM on DM and its complications.

However, the current researches of TMM on DM and its
complications have some limitations. Firstly, most recent studies
mainly focus on the extracts/preparations of TMM, and more
potent bioactive compounds and fractions isolated from TMM
should be studied. Secondly, bioavailability and pharmacokinetics
of these active extracts/preparations/compounds should be conducted
to provide more information for clinical trials. Thirdly, regarding the
diversity of TMM components and the complex pathophysiology of
DM, some new technologies, such as genomics, proteomics and
metabolomics should be used to systematically evaluate the
underlying mechanism of its anti-DM effects. Finally, as DM is a
chronic disease with a group of metabolic disorders, long-term use of
TMM to maintain stable blood glucose and prevent DM-related is
necessary. However, lack of toxicity studies could not ensure the safety
and tolerance of TMM. Thus, preclinical studies of acute and chronic
toxicity tests and follow-up studies should be designed for TTM
researches.

In conclusion, TMM has great potential to be developed into new
anti-diabetic agents. Further studies on TTM will definitely extend
their clinical applications. With a great respect to previously review
about TMM for the treatment of DM (Gao et al., 2021), our review
presents an updated pharmacological view of TMM for further
exploration and application in DM and its complications
treatment, which providing broadened understanding of the
underlying mechanisms of TMM to find innovative strategies for
DM management.

AUTHOR CONTRIBUTIONS

Conceptualization, YZ; original draft preparation, L-SY, BC-YC S-
FZ, YZ, andY-WW; review and editing, YZ, L-SY, BC-YC, S-FZ. GL,
CZ, Q-GW and X-QF; funding acquisition, YZ and GL All authors
have read and agreed to the published version of the manuscript.

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 74850010

Yan et al. Tibetan Medicine for Diabetes Mellitus

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


FUNDING

This work was supported by theNational Natural Science Foundation
of China (Grant Number 81803793 and 82003957) and the Young
Scientist Program by Beijing University of Chinese Medicine.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.748500/
full#supplementary-material

REFERENCES

Ai, X., Hou, Y., Wang, X., Wang, X., Liang, Y., and Zhu, Z. (2019). Amelioration of
Dry Eye Syndrome in Db/db Mice with Diabetes Mellitus by Treatment with
Tibetan Medicine Formula Jikan Mingmu Drops. J. Ethnopharmacol 241,
111992. doi:10.1016/j.jep.2019.111992

Akhtar, M. S., Ramzan, A., Ali, A., and Ahmad, M. (2011). Effect of Amla Fruit
(Emblica Officinalis Gaertn.) on Blood Glucose and Lipid Profile of normal
Subjects and Type 2 Diabetic Patients. Int. J. Food Sci. Nutr. 62 (6), 609–616.
doi:10.3109/09637486.2011.560565

American Diabetes Association (2015). (7)Approaches to Glycemic Treatment.
Diabetes Care 38 (Suppl. l), S41–S48. doi:10.2337/dc15-S010

Baggio, L. L., and Drucker, D. J. (2007). Biology of Incretins: GLP-1 and GIP.
Gastroenterology 132 (6), 2131–2157. doi:10.1053/j.gastro.2007.03.054

Bao, Y. R., Yang, Y., Xu, D. D., Xie, S. X., Liu, Y., and Xu, Y. J. (2019). Research
Progress in Chemical Constituents and Pharmacological Activities of
Edgeworthia Gardneri. China Pharm. 30 (02), 277–281. doi:10.6039/
j.issn.1001-0408.2019.02.28

Barbu, A., Welsh, N., and Saldeen, J. (2002). Cytokine-induced Apoptosis and
Necrosis Are Preceded by Disruption of the Mitochondrial Membrane
Potential (Δψm) in Pancreatic RINm5F Cells: Prevention by Bcl-2. Mol. Cel
Endocrinol 190 (1), 75–82. doi:10.1016/s0303-7207(02)00009-6

Belwal, T., Bisht, A., Devkota, H. P., Ullah, H., Khan, H., Pandey, A., et al. (2020).
Phytopharmacology and Clinical Updates of Berberis Species against Diabetes
and Other Metabolic Diseases. Front. Pharmacol. 11, 41. doi:10.3389/
fphar.2020.00041

Bluestone, J. A., Herold, K. C., and Eisenbarth, G. S. (2010). Genetics, Pathogenesis
and Clinical Interventions in Type 1 Diabetes. Nature 464 (7293), 1293–1300.
doi:10.1038/nature08933

Bommer, C., Heesemann, E., Sagalova, V., Manne-Goehler, J., Atun, R.,
Bärnighausen, T., et al. (2017). The Global Economic burden of Diabetes in
Adults Aged 20-79 Years: a Cost-Of-Illness Study. Lancet Diabetes Endocrinol.
5 (6), 423–430. doi:10.1016/s2213-8587(17)30097-9

Cani, P. D., and Delzenne, N. M. (2009). The Role of the Gut Microbiota in Energy
Metabolism and Metabolic Disease. Curr. Pharm. Des. 15 (13), 1546–1558.
doi:10.2174/138161209788168164

Chatterjee, S., Khunti, K., and Davies, M. J. (2017). Type 2 Diabetes. Lancet 389
(10085), 2239–2251. doi:10.1016/s0140-6736(17)30058-2

Chen, C. H., Zhang, Y. B., and Huang, C. (2010). Berberine Inhibits PTP1B Activity
and Mimics Insulin Action. Biochem. Biophys. Res. Commun. 397 (3), 543–547.
doi:10.1016/j.bbrc.2010.05.153

Chen, J. C., Li, L., Zhou, X., Sun, P. Y., Li, B., and Zhang, X. (2018). Preliminary
Characterization and Antioxidant and Hypoglycemic Activities In Vivo of
Polysaccharides from Huidouba. Food Func 9 (12), 6337–6348. doi:10.1039/
c8fo01117f

Chen, J., Saxena, G., Mungrue, I. N., Lusis, A. J., and Shalev, A. (2008).
Thioredoxin-interacting Protein: a Critical Link between Glucose Toxicity
and Beta-Cell Apoptosis. Diabetes 57 (4), 938–944. doi:10.2337/db07-0715

Creager, M. A., Lüscher, T. F., Cosentino, F., and Beckman, J. A. (2003). Diabetes
and Vascular Disease: Pathophysiology, Clinical Consequences, and Medical
Therapy: Part I. Circulation 108 (12), 1527–1532. doi:10.1161/
01.Cir.0000091257.27563.32

Dakpa, T., and Dodson-Lavelle, B. (2009). Subtle" Psychosomatic Aspects of
Tibetan Medicine. Ann. NY Acad. Sci. 1172, 181–185. doi:10.1196/
annals.1393.015

Dehghankooshkghazi, M., and Mathers, J. C. (2004). Starch Digestion, Large-
Bowel Fermentation and Intestinal Mucosal Cell Proliferation in Rats Treated
with the α-glucosidase Inhibitor Acarbose. Br. J. Nutr. 91 (3), 357–365.
doi:10.1079/bjn20031063

Dhangombo, Y. Y. (1983). Si Bu Yi Dian. Beijing: People’s Medical Publishing
House.

Dong, K., Li, C. W., Qu, Y., and Zhao, J. N. (2009). Effect of phyllanthus Emblica L on
the Expression of Protein Kinase B and Glucose Transporter4mRNA in the Skeletal
Muscle of Insulin Resistance Rats. J. Fourth Mil. Med. Univ. 30 (21), 2352–2355.

Doupis, J., Te, L., Wu, S., Gnardellis, C., Dinh, T., and Veves, A. (2009).
Microvascular Reactivity and Inflammatory Cytokines in Painful and
Painless Peripheral Diabetic Neuropathy. J. Clin. Endocrinol. Metab. 94 (6),
2157–2163. doi:10.1210/jc.2008-2385

Du, H., Li, Q., Yi, H., Xu, T., Xu, X. M., Kuang, T. T., et al. (2020). Anti-Diabetic
Effects of Berberis Kansuensis Extract on Type 2 Diabetic Rats Revealed by (1)
H-NMR-Based Metabolomics and Biochemistry Analysis. Chem. Biodivers 17
(10), e2000413. doi:10.1002/cbdv.202000413

Duan, B. L., Zhao, Z. Q., Liao, W. F., Xiong, H., Liu, S. S., Yin, L., et al. (2017a).
Antidiabetic Effect of Tibetan Medicine Tang-Kang-Fu-San in Db/db Mice via
Activation of PI3K/Akt and AMPK Pathways. Front. Pharmacol. 8.
doi:10.3389/fphar.2017.00535

Duan, B. L., Zhao, Z. Q., Lin, L., Jin, J., Zhang, L. J., Xiong, H., et al. (2017b).
Antidiabetic Effect of Tibetan Medicine Tang-Kang-Fu-San on High-Fat Diet
and Streptozotocin-Induced Type 2 Diabetic Rats. Evid. Based Complement.
Alternat Med. 2017, 7302965. doi:10.1155/2017/7302965

Dujic, T., Causevic, A., Bego, T., Malenica, M., Velija-Asimi, Z., Pearson, E. R., et al.
(2016). Organic Cation Transporter 1 Variants and Gastrointestinal Side Effects
of Metformin in Patients with Type 2 Diabetes. Diabet Med. 33 (4), 511–514.
doi:10.1111/dme.13040

Duo, J. (1998). A Summary of “Assumption of Five Elements” of TibetanMedicine.
J. Med. Pharm. Chin. Minorities 1 (4), 3–4.

Fatima,N., Hafizur, R.M.,Hameed, A., Ahmed, S., Nisar,M., andKabir, N. (2017). Ellagic
Acid in Emblica Officinalis Exerts Anti-diabetic Activity through the Action on β-cells
of Pancreas. Eur. J. Nutr. 56 (2), 591–601. doi:10.1007/s00394-015-1103-y

Feng, L., Matsumoto, C., Schwartz, A., Schmidt, A. M., Stern, D. M., and Pile-
Spellman, J. (2005). Chronic Vascular Inflammation in Patients with Type 2
Diabetes: Endothelial Biopsy and RT-PCR Analysis. Diabetes Care 28 (2),
379–384. doi:10.2337/diacare.28.2.379

Finckh, E. (1984). Tibetan Medicine— Constitutional Types. Am. J. Chin. Med. 12,
44–49. doi:10.1142/S0192415X84000040

Forbes, J. M., and Cooper, M. E. (2013). Mechanisms of Diabetic Complications.
Physiol. Rev. 93 (1), 137–188. doi:10.1152/physrev.00045.2011

Fu, K., Xu, M., Zhou, Y., Li, X., Wang, Z., Liu, X., et al. (2020). The Status Quo and
Way Forwards on the Development of Tibetan Medicine and the
Pharmacological Research of Tibetan Materia Medica. Pharmacol. Res. 155,
104688. doi:10.1016/j.phrs.2020.104688

Ganeshpurkar, A., Jain, S., and Agarwal, S. (2015). Experimental Studies on
Glycolytic Enzyme Inhibitory and Antiglycation Potential of Triphala. Ayu
36 (1), 96–100. doi:10.4103/0974-8520.169000

Gao, D., Zhang, Y. L., Xu, P., Lin, Y. X., Yang, F. Q., Liu, J. H., et al. (2015). In Vitro
evaluation of Dual Agonists for PPARγ/β from the Flower of Edgeworthia
Gardneri (wall.) Meisn. J. Ethnopharmacol 162, 14–19. doi:10.1016/
j.jep.2014.12.034

Gao, H., Huang, Y. N., Gao, B., and Kawabata, J. (2008). Chebulagic Acid Is a
Potent α-glucosidase Inhibitor. Biosci. Biotechnol. Biochem. 72 (2), 601–603.
doi:10.1271/bbb.70591

Gao, H., Huang, Y. N., Xu, P. Y., and Kawabata, J. (2007). Inhibitory Effect on
α-glucosidase by the Fruits of Terminalia Chebula Retz. Food Chem. 105 (2),
628–634. doi:10.1016/j.foodchem.2007.04.023

Gao, J., Pan, L., Bi, R., Shi, Y., Han, Y., Tang, X., et al. (2021). Tibetan Medicines
and Tibetan Prescriptions for the Treatment of Diabetes Mellitus. Evid. Based
Complement. Alternat Med. 2021, 5532159. doi:10.1155/2021/5532159

Gbd 2013 Mortality and Causes of Death Collaborators (2015). Global, Regional,
and National Age-Sex Specific All-Cause and Cause-specific Mortality for 240

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 74850011

Yan et al. Tibetan Medicine for Diabetes Mellitus

https://www.frontiersin.org/articles/10.3389/fphar.2021.748500/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.748500/full#supplementary-material
https://doi.org/10.1016/j.jep.2019.111992
https://doi.org/10.3109/09637486.2011.560565
https://doi.org/10.2337/dc15-S010
https://doi.org/10.1053/j.gastro.2007.03.054
https://doi.org/10.6039/j.issn.1001-0408.2019.02.28
https://doi.org/10.6039/j.issn.1001-0408.2019.02.28
https://doi.org/10.1016/s0303-7207(02)00009-6
https://doi.org/10.3389/fphar.2020.00041
https://doi.org/10.3389/fphar.2020.00041
https://doi.org/10.1038/nature08933
https://doi.org/10.1016/s2213-8587(17)30097-9
https://doi.org/10.2174/138161209788168164
https://doi.org/10.1016/s0140-6736(17)30058-2
https://doi.org/10.1016/j.bbrc.2010.05.153
https://doi.org/10.1039/c8fo01117f
https://doi.org/10.1039/c8fo01117f
https://doi.org/10.2337/db07-0715
https://doi.org/10.1161/01.Cir.0000091257.27563.32
https://doi.org/10.1161/01.Cir.0000091257.27563.32
https://doi.org/10.1196/annals.1393.015
https://doi.org/10.1196/annals.1393.015
https://doi.org/10.1079/bjn20031063
https://doi.org/10.1210/jc.2008-2385
https://doi.org/10.1002/cbdv.202000413
https://doi.org/10.3389/fphar.2017.00535
https://doi.org/10.1155/2017/7302965
https://doi.org/10.1111/dme.13040
https://doi.org/10.1007/s00394-015-1103-y
https://doi.org/10.2337/diacare.28.2.379
https://doi.org/10.1142/S0192415X84000040
https://doi.org/10.1152/physrev.00045.2011
https://doi.org/10.1016/j.phrs.2020.104688
https://doi.org/10.4103/0974-8520.169000
https://doi.org/10.1016/j.jep.2014.12.034
https://doi.org/10.1016/j.jep.2014.12.034
https://doi.org/10.1271/bbb.70591
https://doi.org/10.1016/j.foodchem.2007.04.023
https://doi.org/10.1155/2021/5532159
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Causes of Death, 1990-2013: a Systematic Analysis for the Global Burden of
Disease Study 2013. Lancet 385 (9963), 117–171. doi:10.1016/s0140-6736(14)
61682-2

Geng, Y., Yang, H. M., Xu, H. Y., and Shi, J.-S. (2013). α-Glucosidase Inhibitory
Activity of the Alabastrum of Edgeworthia Gardneri (Wall.) Meissn. J. Food Sci.
Biotechnol. 32, 967–971.

Giacco, F., and Brownlee, M. (2010). Oxidative Stress and Diabetic Complications.
Circ. Res. 107 (9), 1058–1070. doi:10.1161/CIRCRESAHA.110.223545

Gilbert, R. E., and Krum, H. (2015). Heart Failure in Diabetes: Effects of Anti-
hyperglycaemic Drug Therapy. Lancet 385 (9982), 2107–2117. doi:10.1016/
s0140-6736(14)61402-1

Gomes, A., Duarte, F. V., Nunes, P. M., Hubbard, B. P., Teodoro, J. S., Varela, A. T.,
et al. (2012). Berberine Protects against High Fat Diet-Induced Dysfunction in
Muscle Mitochondria by Inducing SIRT1-dependentMitochondrial Biogenesis.
Biochim. Biophys. Acta 1822 (2), 185–195. doi:10.1016/j.bbadis.2011.10.008

Gravina, G., Ferrari, F., and Nebbiai, G. (2021). The Obesity Paradox and Diabetes.
Eat. Weight Disord. 26 (4), 1057–1068. doi:10.1007/s40519-020-01015-1

Grzebyk, E., and Piwowar, A. (2014). The Tibetan Herbal Medicines Padma 28 and
Padma Circosan Inhibit the Formation of Advanced Glycation Endproducts
(AGE) and Advanced Oxidation Protein Products (AOPP) In Vitro. BMC
Complement. Altern. Med. 14, 287. doi:10.1186/1472-6882-14-287

Gupta, P. C. (2012). Biological and Pharmacological Properties of Terminalia
Chebula Retz. (Haritaki)- an Overview. Int. J. Pharm. Pharm. Sci. 4 (Suppl. 3),
62–68.

Han, L., Guo, X. L., Feng, Y. F., and Lin, M. N. (2009). Study on the Chemical
Constituents of Volatile Oil from Lvluohua. Chin. J. Ethnomed Ethnopharm 18
(09), 148–150.

Hao, D. C., Xiao, P. G., and Liu, C. (2018). Traditional Tibetan Medicinal Plants: a
Highlighted Resource for Novel Therapeutic Compounds. Future Med. Chem.
doi:10.4155/fmc-2018-0235

Hink, U., Li, H., Mollnau, H., Oelze, M., Matheis, E., Hartmann, M., et al. (2001).
Mechanisms Underlying Endothelial Dysfunction in Diabetes Mellitus. Circ.
Res. 88 (2), E14–E22. doi:10.1161/01.res.88.2.e14

Hodson, D. J., Tarasov, A. I., Brias, S. G., Mitchell, R. K., Johnston, N. R.,
Haghollahi, S., et al. (2014). Incretin-modulated Beta Cell Energetics in
Intact Islets of Langerhans. Mol. Endocrinol. 28 (6), 860–871. doi:10.1210/
me.2014-1038

Hu, F. B., van Dam, R. M., and Liu, S. (2001). Diet and Risk of Type II Diabetes: the
Role of Types of Fat and Carbohydrate. Diabetologia 44 (7), 805–817.
doi:10.1007/s001250100547

Hu, W. (2012). Effects of Phyllanthus Emblica Extracts on the Insulin Signal
Pathway in Muscle and Fat Tissues of Diabetic Rats. Chin. J. Tissue Eng. Res. 16
(11), 2007–2010.

Huang, Y. N., Zhao, D. D., Gao, B., Zhong, K., Zhu, R. X., Zhang, Y., et al. (2012).
Anti-Hyperglycemic Effect of Chebulagic Acid from the Fruits of Terminalia
Chebula Retz. Int. J. Mol. Sci. 13 (5), 6320–6333. doi:10.3390/ijms13056320

International Diabetes Federation (2019). IDF Diabetes Atlas, 9th edt [Online].
Available: https://www.diabetesatlas.org. (Accessed).

Ismail-Beigi, F., Craven, T., Banerji, M. A., Basile, J., Calles, J., Cohen, R. M., et al.
(2010). Effect of Intensive Treatment of Hyperglycaemia on Microvascular
Outcomes in Type 2 Diabetes: an Analysis of the ACCORD Randomised Trial.
Lancet 376 (9739), 419–430. doi:10.1016/s0140-6736(10)60576-4

Ismail-Beigi, F. (2012). Glycemic Management of Type 2 Diabetes Mellitus. N.
Engl. J. Med. 366 (14), 1319–1327. doi:10.1056/NEJMcp1013127

Jc, P. (2012). Insulin-Pump Therapy for Type 1 Diabetes Mellitus. N. Engl. J. Med.
366 (17), 1616–1624.

Joshi, T., Singh, A. K., Haratipour, P., Sah, A. N., Pandey, A. K., Naseri, R., et al.
(2019). Targeting AMPK Signaling Pathway by Natural Products for Treatment
of Diabetes Mellitus and its Complications. J. Cel Physiol 234 (10),
17212–17231. doi:10.1002/jcp.28528

Kahn, S. E., Cooper, M. E., and Del Prato, S. (2014). Pathophysiology and
Treatment of Type 2 Diabetes: Perspectives on the Past, Present, and
Future. Lancet 383 (9922), 1068–1083. doi:10.1016/s0140-6736(13)62154-6

Kaplan, F., Al-Majali, K., and Betteridge, D. J. (2001). PPARS, Insulin Resistance
and Type 2 Diabetes. J. Cardiovasc. Risk 8 (4), 211–217. doi:10.1177/
174182670100800405

Kim, J. H., Hong, C. O., Koo, Y. C., Kim, S. J., and Lee, K. W. (2011). Oral
Administration of Ethyl Acetate-Soluble Portion of Terminalia Chebula

Conferring protection from Streptozotocin-Induced Diabetic Mellitus and its
Complications. Biol. Pharm. Bull. 34 (11), 1702–1709. doi:10.1248/bpb.34.1702

Kong, W. J., Zhang, H., Song, D. Q., Xue, R., Zhao, W., Wei, J., et al. (2009).
Berberine Reduces Insulin Resistance through Protein Kinase C–dependent
Up-Regulation of Insulin Receptor Expression. Metabolism 58 (1), 109–119.
doi:10.1016/j.metabol.2008.08.013

Kramer, C. K., Zinman, B., and Retnakaran, R. (2013). Short-term Intensive Insulin
Therapy in Type 2 Diabetes Mellitus: a Systematic Review and Meta-Analysis.
Lancet Diabetes Endocrinol. 1 (1), 28–34. doi:10.1016/s2213-8587(13)70006-8

Kumar, N. P., Annamalai, A. R., and Thakur, R. S. (2009). Antinociceptive Property
of Emblica Officinalis Gaertn (Amla) in High Fat Diet-Fed/low Dose
Streptozotocin Induced Diabetic Neuropathy in Rats. Indian J. Exp. Biol. 47
(9), 737–742.

Kumar, S., Narwal, S., Kumar, V., and Prakash, O. (2011). α-Glucosidase Inhibitors
from Plants: A Natural Approach to Treat Diabetes. Pharmacogn Rev. 5 (9),
19–29. doi:10.4103/0973-7847.79096

Lai, X., Tong, D., Ai, X., Wu, J., Luo, Y., Zuo, F., et al. (2018). Amelioration of
Diabetic Nephropathy in Db/db Mice Treated with Tibetan Medicine Formula
Siwei Jianghuang Decoction Powder Extract. Sci. Rep. 8 (1), 16707. doi:10.1038/
s41598-018-35148-2

Lee, H. S., Cho, H. Y., Park, K. W., Kim, I. H., Kim, J. T., Nam, M. H., et al. (2011).
Inhibitory Effects of Terminalia Chebula Extract on Glycation and Endothelial
Cell Adhesion. Planta Med. 77 (10), 1060–1067. doi:10.1055/s-0030-1270748

Lee, H. S., Koo, Y. C., Suh, H. J., Kim, K. Y., and Lee, K. W. (2010). Preventive
Effects of Chebulic Acid Isolated from Terminalia Chebula on Advanced
Glycation Endproduct-Induced Endothelial Cell Dysfunction.
J. Ethnopharmacol 131 (3), 567–574. doi:10.1016/j.jep.2010.07.039

Lee, J. Y., Oh, J. G., Kim, J. S., and Lee, K. W. (2014). Effects of Chebulic Acid on
Advanced Glycation Endproducts-Induced Collagen Cross-Links. Biol. Pharm.
Bull. 37 (7), 1162–1167. doi:10.1248/bpb.b14-00034

Li, B. Y., Xu, X. Y., Gan, R. Y., Sun, Q. C., Meng, J. M., Shang, A., et al. (2019a).
Targeting Gut Microbiota for the Prevention and Management of Diabetes
Mellitus by Dietary Natural Products. Foods 8 (10). doi:10.3390/foods8100440

Li, J., Bai, L., Wei, F., Zhao, J., Wang, D., Xiao, Y., et al. (2019b). Therapeutic
Mechanisms of Herbal Medicines against Insulin Resistance: A Review. Front.
Pharmacol. 10, 661. doi:10.3389/fphar.2019.00661

Li, M., Nan, C. Y., Zhu, J. X., and Zhong, G. C. (2018). Screening of Anti-t2dm
PPARs Agonist from Lvluohua. Chin. Tradit Pat Med. 40 (10), 2285–2288.
doi:10.3969/j.issn.1001-1528.2018.10.034

Li, M., Wu, L. L., Qin, L. L., Hu, Y. L., Qin, T. Y., Ding, L., et al. (2020). Research
Progress on Medicinal Effects of Flower of Edgeworthia Gardneri. Chin. J. Exp.
Traditional Med. Formulae 26 (06), 209–215. doi:10.13422/
j.cnki.syfjx.20192125

Li, Y. Q., Zhou, F. C., Gao, F., Bian, J. S., and Shan, F. (2009). Comparative
Evaluation of Quercetin, Isoquercetin and Rutin as Inhibitors of Alpha-
Glucosidase. J. Agric. Food Chem. 57 (24), 11463–11468. doi:10.1021/jf903083h

Lin, Y. X., and Xia, Z. N. (2016). Screening Active Fractions of Peroxisome
Proliferator Activated Receptor γ in Natural Medicines with Potential
Antidiabetic Activity. Nat. Prod. Res. Dev. 28 (04), 505–513. doi:10.16333/
j.1001-6880.2016.4.007

Liu, D., Zhang, Y., Liu, Y., Hou, L., Li, S., Tian, H., et al. (2018). Berberine
Modulates Gut Microbiota and Reduces Insulin Resistance via the TLR4
Signaling Pathway. Exp. Clin. Endocrinol. Diabetes 126 (8), 513–520.
doi:10.1055/s-0043-125066

Liu, Y., Dao, Z., Yang, C., Liu, Y., and Long, C. (2009). Medicinal Plants Used by
Tibetans in Shangri-La, Yunnan, China. J. Ethnobiol. Ethnomed 5, 15.
doi:10.1186/1746-4269-5-15

Loke, Y. K., Singh, S., and Furberg, C. D. (2009). Long-term Use of
Thiazolidinediones and Fractures in Type 2 Diabetes: a Meta-Analysis.
CMAJ 180 (1), 32–39. doi:10.1503/cmaj.080486

Lu, Z., Zhong, Y., Liu, W., Xiang, L., and Deng, Y. (2019). The Efficacy and
Mechanism of Chinese Herbal Medicine on Diabetic Kidney Disease.
J. Diabetes Res. 2019, 2697672. doi:10.1155/2019/2697672

Luo, H., Zhong, G., Yue, L., Wang, Q., Ma, L., and Luobu, Z. (2015). Traditional
Tibetan Medicine in China: A Systematic Overview of Randomized Clinical
Trials. Eur. J. Integr. Med. 7 (5), 450–459. doi:10.1016/j.eujim.2015.05.001

Ma, Y. Y., Zhao, D. G., Zhou, A. Y., Zhang, Y., Du, Z., and Zhang, K. (2015).
α-Glucosidase Inhibition and Antihyperglycemic Activity of Phenolics from the

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 74850012

Yan et al. Tibetan Medicine for Diabetes Mellitus

https://doi.org/10.1016/s0140-6736(14)61682-2
https://doi.org/10.1016/s0140-6736(14)61682-2
https://doi.org/10.1161/CIRCRESAHA.110.223545
https://doi.org/10.1016/s0140-6736(14)61402-1
https://doi.org/10.1016/s0140-6736(14)61402-1
https://doi.org/10.1016/j.bbadis.2011.10.008
https://doi.org/10.1007/s40519-020-01015-1
https://doi.org/10.1186/1472-6882-14-287
https://doi.org/10.4155/fmc-2018-0235
https://doi.org/10.1161/01.res.88.2.e14
https://doi.org/10.1210/me.2014-1038
https://doi.org/10.1210/me.2014-1038
https://doi.org/10.1007/s001250100547
https://doi.org/10.3390/ijms13056320
https://www.diabetesatlas.org
https://doi.org/10.1016/s0140-6736(10)60576-4
https://doi.org/10.1056/NEJMcp1013127
https://doi.org/10.1002/jcp.28528
https://doi.org/10.1016/s0140-6736(13)62154-6
https://doi.org/10.1177/174182670100800405
https://doi.org/10.1177/174182670100800405
https://doi.org/10.1248/bpb.34.1702
https://doi.org/10.1016/j.metabol.2008.08.013
https://doi.org/10.1016/s2213-8587(13)70006-8
https://doi.org/10.4103/0973-7847.79096
https://doi.org/10.1038/s41598-018-35148-2
https://doi.org/10.1038/s41598-018-35148-2
https://doi.org/10.1055/s-0030-1270748
https://doi.org/10.1016/j.jep.2010.07.039
https://doi.org/10.1248/bpb.b14-00034
https://doi.org/10.3390/foods8100440
https://doi.org/10.3389/fphar.2019.00661
https://doi.org/10.3969/j.issn.1001-1528.2018.10.034
https://doi.org/10.13422/j.cnki.syfjx.20192125
https://doi.org/10.13422/j.cnki.syfjx.20192125
https://doi.org/10.1021/jf903083h
https://doi.org/10.16333/j.1001-6880.2016.4.007
https://doi.org/10.16333/j.1001-6880.2016.4.007
https://doi.org/10.1055/s-0043-125066
https://doi.org/10.1186/1746-4269-5-15
https://doi.org/10.1503/cmaj.080486
https://doi.org/10.1155/2019/2697672
https://doi.org/10.1016/j.eujim.2015.05.001
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Flowers of Edgeworthia Gardneri. J. Agric. Food Chem. 63 (37), 8162–8169.
doi:10.1021/acs.jafc.5b03081

Majeed, M., Majeed, S., Mundkur, L., Nagabhushanam, K., Arumugam, S., Beede,
K., et al. (2020). Standardized Emblica Officinalis Fruit Extract Inhibited the
Activities of α-amylase, α-glucosidase, and Dipeptidyl Peptidase-4 and
Displayed Antioxidant Potential. J. Sci. Food Agric. 100 (2), 509–516.
doi:10.1002/jsfa.10020

Mayer, G. (2011). Capillary Rarefaction, Hypoxia, VEGF and Angiogenesis in Chronic
Renal Disease. Nephrol. Dial. Transpl. 26 (4), 1132–1137. doi:10.1093/ndt/gfq832

Meher, S. K., Panda, P., Das, B., Bhuyan, G. C., and Rath, K. K. (2018).
Pharmacological Profile of Terminalia Chebula Retz. And Willd. (Haritaki)
in Ayurveda with Evidences. Res. J. Pharmacol. Pharmacodyn 10 (3), 115.
doi:10.5958/2321-5836.2018.00023.X

Meng, Z. M., Geng, Y., Li, H., Xu, H. Y., Zhao, H., Liu, M., et al. (2019).
Ameliorative Effects of Fraction 1 from the Flower of Edgeworthia Gardneri
(Wall.) Meisn on Insulin Resistance of C2C12 Cells. J. Food Sci. Biotechnol. 38
(11), 55–62. doi:10.3969/j.issn.1673-1689.2019.11.008

Mesquida, M., Drawnel, F., and Fauser, S. (2019). The Role of Inflammation in
Diabetic Eye Disease. Semin. Immunopathol 41 (4), 427–445. doi:10.1007/
s00281-019-00750-7

Mokhberdezfuli, N., Saeidnia, S., Gohari, A. R., and Kurepazmahmoodabadi, M.
(2014). Phytochemistry and Pharmacology of Berberis Species. Pharmacogn
Rev. 8 (15), 8. doi:10.4103/0973-7847.125517

Muhammad, S., Khan, B. A., Akhtar, N., Mahmood, T., Rasul, A., Hussain, I., et al.
(2012). The Morphology, Extractions, Chemical Constituents and Uses of
Terminalia Chebula: A Review. J. Med. Plants Res. 6 (33), 4772–4775.
doi:10.5897/JMPR11.1339

Namdul, T., Sood, A., Ramakrishnan, L., Pandey, R. M., and Moorthy, D. (2001).
Efficacy of Tibetan Medicine as an Adjunct in the Treatment of Type 2
Diabetes. Diabetes Care 24 (1), 175–176. doi:10.2337/diacare.24.1.176

Nampoothiri, S. V., Prathapan, A., Cherian, O. L., Raghu, K. G., Venugopalan, V.
V., and Sundaresan, A. (2011). In Vitro antioxidant and Inhibitory Potential of
Terminalia Bellerica and Emblica Officinalis Fruits against LDL Oxidation and
Key Enzymes Linked to Type 2 Diabetes. Food Chem. Toxicol. 49 (1), 125–131.
doi:10.1016/j.fct.2010.10.006

Nan, C. Y., Zhong, G. Y., Zhu, J. X., JIang, W., and Li, M. (2019). Effects of
Components from Edgeworthia Gardneri Meissn on PPARs Level in 3T3-L1
Cells. Tradit Chin. Drug Res. Pharmaco 30 (03), 282–288. doi:10.19378/
j.issn.1003-9783.2019.03.003

Nathan, D. M. (2015). Diabetes: Advances in Diagnosis and Treatment. JAMA 314
(10), 1052–1062. doi:10.1001/jama.2015.9536

Paul, S., Geng, C. A., Yang, T. H., Yang, Y. P., and Chen, J. J. (2019). Phytochemical
and Health-Beneficial Progress of Turnip (Brassica Rapa). J. Food Sci. 84 (1),
19–30. doi:10.1111/1750-3841.14417

Peterson, C. T., Denniston, K., and Chopra, D. (2017). Therapeutic Uses of
Triphala in Ayurvedic Medicine. J. Altern. Complement. Med. 23 (8),
607–614. doi:10.1089/acm.2017.0083

Pinkse, G. G. M., Tysma, O. M., Bergen, C. A. M., Kester, M. G. D., Ossendorp, F.,
Van Veelen, P. A., et al. (2005). Autoreactive CD8 T Cells Associated with βCell
Destruction in Type 1 Diabetes. Proc. Natl. Acad. Sci. United States America 102
(51), 18425–18430. doi:10.1073/pnas.0508621102

Pourcet, B., Fruchart, J. C., Staels, B., and Glineur, C. (2006). Selective PPAR
Modulators, Dual and pan PPAR Agonists: Multimodal Drugs for the
Treatment of Type 2 Diabetes and Atherosclerosis. Expert Opin. Emerg.
Drugs 11 (3), 379–401. doi:10.1517/14728214.11.3.379

Pratt, E. P. S., Salyer, A. E., Guerra, M. L., and Hockerman, G. H. (2016). Ca2+
Influx through L-type Ca2+ Channels and Ca2+-Induced Ca2+ Release
Regulate cAMP Accumulation and Epac1-dependent ERK 1/2 Activation in
INS-1 Cells. Mol. Cel Endocrinol 419, 60–71. doi:10.1016/j.mce.2015.09.034

Puppala, M., Ponder, J., Suryanarayana, P., Reddy, G. B., Petrash, J. M., and
LaBarbera, D. V. (2012). The Isolation and Characterization of β-glucogallin as
a Novel Aldose Reductase Inhibitor from Emblica Officinalis. PLoS One 7 (4),
e31399. doi:10.1371/journal.pone.0031399

Rabinovitch, A., and Suarez-Pinzon, W. L. (1998). Cytokines and Their Roles in
Pancreatic Islet Beta-Cell Destruction and Insulin-dependent DiabetesMellitus.
Biochem. Pharmacol. 55 (8), 1139–1149. doi:10.1016/s0006-2952(97)00492-9

Rajan, S. S., and Antony, S. (2008). Hypoglycemic Effect of Triphala on Selected
Non Insulin Dependent Diabetes Mellitus Subjects. Anc Sci. Life 27 (3), 45–49.

Rao, T. P., Sakaguchi, N., Juneja, L. R., Wada, E., and Yokozawa, T. (2005). Amla
(Emblica Officinalis Gaertn.) Extracts Reduce Oxidative Stress in
Streptozotocin-Induced Diabetic Rats. J. Med. Food 8 (3), 362–368.
doi:10.1089/jmf.2005.8.362

Rorsman, P., and Ashcroft, F. M. (2018). Pancreatic β-Cell Electrical Activity and
Insulin Secretion: Of Mice and Men. Physiol. Rev. 98 (1), 117–214. doi:10.1152/
physrev.00008.2017

Samochowiec, L., and Wieland, E. (1983). Theoretische, chemische und
pharmakodynamische Untersuchungen an PADMA 28. Polbiopharm Rep.
20, 3–34.

Schulze, P. C., Yoshioka, J., Takahashi, T., He, Z. H., King, G. L., and Lee, R. T.
(2004). Hyperglycemia Promotes Oxidative Stress through Inhibition of
Thioredoxin Function by Thioredoxin-Interacting Protein. J. Biol. Chem.
279 (29), 30369–30374. doi:10.1074/jbc.M400549200

Semwal, D. K., Kumar, A., Aswal, S., Chauhan, A., and Semwal, R. B. (2021).
Protective and Therapeutic Effects of Natural Products against Diabetes
Mellitus via Regenerating Pancreatic β-cells and Restoring Their
Dysfunction. Phytother Res. 35 (3), 1218–1229. doi:10.1002/ptr.6885

Shanmuganathan, S., and Angayarkanni, N. (2019). Chebulagic Acid and
Chebulinic Acid Inhibit TGF-B1 Induced Fibrotic Changes in the Chorio-
Retinal Endothelial Cells by Inhibiting ERK Phosphorylation. Microvasc. Res.
121, 14–23. doi:10.1016/j.mvr.2018.09.001

Shanmuganathan, S., and Angayarkanni, N. (2018). Chebulagic Acid
Chebulinic Acid and Gallic Acid, the Active Principles of Triphala,
Inhibit TNFα Induced Pro-angiogenic and Pro-inflammatory Activities
in Retinal Capillary Endothelial Cells by Inhibiting P38, ERK and NFkB
Phosphorylation. Vascul Pharmacol. 108, 23–35. doi:10.1016/
j.vph.2018.04.005

Sharma, S., Singh, B., and Kumar, H. (2019). A Critical Review of Pharmacological
Actions of Haritaki (Terminalia Chebula Retz) in Classical Texts. J. Ayu Integr.
Med. Sci. 4 (4), 258–269.

Shi, K., Egawa, K., Maegawa, H., Nakamura, T., Ugi, S., Nishio, Y., et al. (2004).
Protein-tyrosine Phosphatase 1B Associates with Insulin Receptor and
Negatively Regulates Insulin Signaling without Receptor Internalization.
J. Biochem. 136 (1), 89–96. doi:10.1093/jb/mvh094

Silawat, N., and Gupta, V. B. (2013). Chebulic Acid Attenuates Ischemia
Reperfusion Induced Biochemical Alteration in Diabetic Rats. Pharm. Biol.
51 (1), 23–29. doi:10.3109/13880209.2012.698288

Singh, N., Mahajan, S., Subramani, S. K., Yadav, D., Singh, L., and Gbks, P. (2015).
Triphala Improves Glucose Homeostasis by Alleviating Atherogenic Lipids and
Oxidative Stress in Human Type 2 Diabetes Mellitus. Int. J. Ayurvedic Med. 6
(3), 212. doi:10.47552/ijam.v6i3.503

Song, P., Xia, J., Rezeng, C., Tong, L., and Tang, W. (2016). Traditional,
Complementary, and Alternative Medicine: Focusing on Research into
Traditional Tibetan Medicine in China. Biosci. Trends 10 (3), 163–170.
doi:10.5582/bst.2016.01105

Stewart, M., Morling, J. R., and Maxwell, H. (2016). Padma 28 for Intermittent
Claudication. Cochrane Database Syst. Rev. 3, Cd007371. doi:10.1002/
14651858.CD007371.pub3

Stumvoll, M., Goldstein, B. J., and Van Haeften, T. W. (2005). Type 2 Diabetes -
Principles of Pathogenesis and Therapy. Lancet 365 (9467), 1333–1346.
doi:10.1016/S0140-6736(05)61032-X

Sun, C., Zhang, F., Ge, X. J., Yan, T. T., Chen, X. M., Shi, X. L., et al. (2007). SIRT1
Improves Insulin Sensitivity under Insulin-Resistant Conditions by Repressing
PTP1B. Cell Metab 6 (4), 307–319. doi:10.1016/j.cmet.2007.08.014

Sun, Y., Zhu, R., Ye, H., Tang, K., Zhao, J., Chen, Y., et al. (2013). Towards a
Bioinformatics Analysis of Anti-alzheimer’s Herbal Medicines from a Target
Network Perspective. Brief Bioinform 14 (3), 327–343. doi:10.1093/bib/bbs025

Suryanarayana, P., Kumar, P. A., Saraswat,M., Petrash, J.M., and Reddy, G. B. (2004).
Inhibition of Aldose Reductase by Tannoid Principles of Emblica Officinalis:
Implications for the Prevention of Sugar Cataract. Mol. Vis. 10, 148–154.

Suryanarayana, P., Saraswat, M., Petrash, J. M., and Reddy, G. B. (2007). Emblica
Officinalis and its Enriched Tannoids Delay Streptozotocin-Induced Diabetic
Cataract in Rats. Mol. Vis. 13, 1291–1297.

Tabopda, T. K., Ngoupayo, J., Liu, J., Ali, M. S., Khan, S. N., Ngadjui, B. T., et al.
(2008). Alpha-glucosidase Inhibitors Ellagic Acid Derivatives with
Immunoinhibitory Properties from Terminalia Superba. Chem. Pharm.
Bull. (Tokyo) 56 (6), 847–850. doi:10.1248/cpb.56.847

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 74850013

Yan et al. Tibetan Medicine for Diabetes Mellitus

https://doi.org/10.1021/acs.jafc.5b03081
https://doi.org/10.1002/jsfa.10020
https://doi.org/10.1093/ndt/gfq832
https://doi.org/10.5958/2321-5836.2018.00023.X
https://doi.org/10.3969/j.issn.1673-1689.2019.11.008
https://doi.org/10.1007/s00281-019-00750-7
https://doi.org/10.1007/s00281-019-00750-7
https://doi.org/10.4103/0973-7847.125517
https://doi.org/10.5897/JMPR11.1339
https://doi.org/10.2337/diacare.24.1.176
https://doi.org/10.1016/j.fct.2010.10.006
https://doi.org/10.19378/j.issn.1003-9783.2019.03.003
https://doi.org/10.19378/j.issn.1003-9783.2019.03.003
https://doi.org/10.1001/jama.2015.9536
https://doi.org/10.1111/1750-3841.14417
https://doi.org/10.1089/acm.2017.0083
https://doi.org/10.1073/pnas.0508621102
https://doi.org/10.1517/14728214.11.3.379
https://doi.org/10.1016/j.mce.2015.09.034
https://doi.org/10.1371/journal.pone.0031399
https://doi.org/10.1016/s0006-2952(97)00492-9
https://doi.org/10.1089/jmf.2005.8.362
https://doi.org/10.1152/physrev.00008.2017
https://doi.org/10.1152/physrev.00008.2017
https://doi.org/10.1074/jbc.M400549200
https://doi.org/10.1002/ptr.6885
https://doi.org/10.1016/j.mvr.2018.09.001
https://doi.org/10.1016/j.vph.2018.04.005
https://doi.org/10.1016/j.vph.2018.04.005
https://doi.org/10.1093/jb/mvh094
https://doi.org/10.3109/13880209.2012.698288
https://doi.org/10.47552/ijam.v6i3.503
https://doi.org/10.5582/bst.2016.01105
https://doi.org/10.1002/14651858.CD007371.pub3
https://doi.org/10.1002/14651858.CD007371.pub3
https://doi.org/10.1016/S0140-6736(05)61032-X
https://doi.org/10.1016/j.cmet.2007.08.014
https://doi.org/10.1093/bib/bbs025
https://doi.org/10.1248/cpb.56.847
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Tahrani, A. A., Barnett, A. H., and Bailey, C. J. (2016). Pharmacology and
Therapeutic Implications of Current Drugs for Type 2 Diabetes Mellitus.
Nat. Rev. Endocrinol. 12 (10), 566–592. doi:10.1038/nrendo.2016.86

Tiwari, V., Kuhad, A., and Chopra, K. (2011). Emblica Officinalis Corrects
Functional, Biochemical and Molecular Deficits in Experimental Diabetic
Neuropathy by Targeting the Oxido-Nitrosative Stress Mediated
Inflammatory cascade. Phytother Res. 25 (10), 1527–1536. doi:10.1002/ptr.3440

Usharani, P., Fatima, N., and Muralidhar, N. (2013). Effects of Phyllanthus Emblica
Extract on Endothelial Dysfunction and Biomarkers of Oxidative Stress in Patients
with Type 2 Diabetes Mellitus: a Randomized, Double-Blind, Controlled Study.
Diabetes Metab. Syndr. Obes. 6, 275–284. doi:10.2147/dmso.S46341

Variya, B. C., Bakrania, A. K., and Patel, S. S. (2020). Antidiabetic Potential of
Gallic Acid from Emblica Officinalis: Improved Glucose Transporters and
Insulin Sensitivity through PPAR-γ and Akt Signaling. Phytomedicine 73,
152906. doi:10.1016/j.phymed.2019.152906

Vennos, C., Melzer, J., and Saller, R. (2013). Clinical Studies on the Efficacy and Safety
of Padma 28, a Complex Herbal Formulation from Tibetan Medicine: an
Overview. Forsch Komplementmed 20 (Suppl. 2), 25–30. doi:10.1159/000351722

Wang, D. Y., Zhu, J. B., Ding, Y., Kou, Z. N., and Yang, L. P. (2014a). Establishment
of the Mathematical Model for the Inhibition on α-glycosidase by Chemical
Compositions from Terminalia Chebula Retz. Based on Theliquid
Chromatographic Information. Chin. J. Chromatogr. 32 (06), 604–611.
doi:10.3724/SP.J.1123.2014.01025

Wang, L. M., Waltenberger, B., Pferschywenzig, E., Blunder, M., Liu, X., Malainer,
C., et al. (2014b). Natural Product Agonists of Peroxisome Proliferator-
Activated Receptor Gamma (PPARγ): a Review. Biochem. Pharmacol. 92
(1), 73–89. doi:10.1016/j.bcp.2014.07.018

Weiss, L., Barak, V., and Raz, I. (2011). Herbal Flavonoids Inhibit the Development
of Autoimmune Diabetes in NODMice: ProposedMechanisms of Action in the
Example of PADMA 28. Altern. Med. Stud. 1 (1), e1. doi:10.4081/ams.2011.e1

Wu, Y., Tian, S. Q., and Zhu, J. A. (2009). Preliminary Test of Chemical
Components for Tibetan Medicine HDB. J. Southwest. Minzu Univ. (Nat
Sci. Ed. 35 (05), 1017–1019.

Wu, Y., Wang, X. N., Chen, F. F., Chen, Y. N., and Tian, S. Q. (2013). Active
Ingredients of Huidouba in the Treatment of Type 2 Diabetes Mellitus. J. Chin.
Med. Mater. 36 (08), 1313–1316.

Xi, X. F., Cui, J. R., and Wang, Y. (2009). Effects of Phyllanthus Emblica L. Extract
on Expression of Peroxisome Prolifemtor-Activated Receptor γ (PPARγ) of
Insulin Resistance Rats. Food Sci. 30 (05), 253–256. doi:10.7506/spkx1002-
6630-200905058

Xu, L., Li, Y., Dai, Y., and Peng, J. (2018). Natural Products for the Treatment of
Type 2 Diabetes Mellitus: Pharmacology andMechanisms. Pharmacol. Res. 130,
451–465. doi:10.1016/j.phrs.2018.01.015

Xu, P., Xia, Z. N., and Lin, Y. X. (2012). Chemical Constituents from Edgeworthia
Gardneri (Thymelaeaceae). Biochem. Syst. Ecol. 45, 148–150. doi:10.1016/
j.bse.2012.07.031

Xu, T., Ge, Y., Du, H., Li, Q., Xu, X., Yi, H., et al. (2021). Berberis Kansuensis
Extract Alleviates Type 2 Diabetes in Rats by Regulating Gut Microbiota
Composition. J. Ethnopharmacol 273, 113995. doi:10.1016/j.jep.2021.113995

Yang, K., Bai, Y., Yu, N., Lu, B., Han, G., Yin, C., et al. (2020). Huidouba
Improved Podocyte Injury by Down-Regulating Nox4 Expression in Rats
with Diabetic Nephropathy. Front. Pharmacol. 11, 587995. doi:10.3389/
fphar.2020.587995

Yang, K. B., and Kang, Z. R. (2017). Research Progress on Treatment of Diabetes
with Tibetan Medicine Huidouba. Chin. Tradit Herb Drugs 48 (08), 1682–1686.
doi:10.7501/j.issn.0253-2670.2017.08.031

Yang, M. H., Vasquez, Y., Ali, Z., Khan, I. A., and Khan, S. I. (2013). Constituents
from Terminalia Species Increase PPARα and PPARγ Levels and Stimulate
Glucose Uptake without Enhancing Adipocyte Differentiation.
J. Ethnopharmacol 149 (2), 490–498. doi:10.1016/j.jep.2013.07.003

Yang, W., Liu, J., Shan, Z., Tian, H., Zhou, Z., Ji, Q., et al. (2014). Acarbose
Compared with Metformin as Initial Therapy in Patients with Newly
Diagnosed Type 2 Diabetes: an Open-Label, Non-inferiority Randomised

Trial. Lancet Diabetes Endocrinol. 2 (1), 46–55. doi:10.1016/s2213-8587(13)
70021-4

Yki-Järvinen, H. (2004). Thiazolidinediones. N. Engl. J. Med. 351 (11), 1106–1118.
doi:10.1056/NEJMra041001

Zhang, Y. J., Xiang, R. Q., Fang, S. D., Huang, K., Fan, Y., and Liu, T. (2020b).
Experimental Study on the Effect of Tibetan Medicine Triphala on the
Proliferation and Apoptosis of Pancreatic Islet β Cells through
Incretin–cAMP Signaling Pathway. Biol. Pharm. Bull. 43 (2), 289–295.
doi:10.1248/bpb.b19-00562

Zhang, Y., Yan, L. S., Ding, Y., Cheng, B. C. Y., Luo, G., Kong, J., et al. (2020a).
Edgeworthia Gardneri (Wall.) Meisn. Water Extract Ameliorates Palmitate
Induced Insulin Resistance by Regulating IRS1/GSK3β/FoxO1 Signaling
Pathway in Human HepG2 Hepatocytes. Front. Pharmaco 10, 1666.
doi:10.3389/fphar.2019.01666

Zhang, Z. W., Xu, H. Y., Zhao, H., Geng, Y., Ren, Y. L., Guo, L., et al. (2019).
Edgeworthia Gardneri (Wall.) Meisn. Water Extract Improves Diabetes and
Modulates Gut Microbiota. J. Ethnopharmaco 239, 111854. doi:10.1016/
j.jep.2019.111854

Zhao, D. G., Zhou, A. Y., Du, Z. Y., Zhang, Y., Zhang, K., and Ma, Y. Y. (2015).
Coumarins with α-glucosidase and α-amylase Inhibitory Activities from the
Flower of Edgeworthia Gardneri. Fitoterapia 107, 122–127. doi:10.1016/
j.fitote.2015.10.012

Zhao, M., Song, J. J., Wang, Z. Z., Liu, W., and Liu, Y. (2011). Preventive and
Therapeutic Effects of Compound Preparation of Huidouba on Diabetes. Food
and Drug 13 (7), 254–257.

Zheng, Y., Ley, S. H., and Hu, F. B. (2018). Global Aetiology and Epidemiology of
Type 2 Diabetes Mellitus and its Complications. Nat. Rev. Endocrinol. 14 (2),
88–98. doi:10.1038/nrendo.2017.151

Zhong, G. (2014). The Understanding and Treatment of Type 2 Diabetes in
Tibetan Medicine. China Tibetology (02), 152–155.

Zhou, J., Zhang, C., Zheng, G. H., and Qiu, Z. (2018). Emblic Leafflower
(Phyllanthus Emblica L.) Fruits Ameliorate Vascular Smooth Muscle Cell
Dysfunction in Hyperglycemia: An Underlying Mechanism Involved in
Ellagitannin Metabolite Urolithin A. Evid. Based Complement. Alternat Med.
2018, 8478943. doi:10.1155/2018/8478943

Zhuang, M., Qiu, H., Li, P., Hu, L., Wang, Y., and Rao, L. (2018). Islet protection
and Amelioration of Type 2 Diabetes Mellitus by Treatment with Quercetin
from the Flowers of Edgeworthia Gardneri. Drug Des. Devel Ther. 12, 955–966.
doi:10.2147/dddt.S153898

Zhou, Y. L., Jia, X. B., Liu, J. P., and Feng, L. (2018). Protection of Huidouba, a
Tibetan Medicine on Renal Injury in STZ-induced type II Diabetic Mice. Chin.
Tradi. Pat. Med. 40 (3), 505–511. doi:10.3969/j.issn.1001-1528.2018.03.001

Zuo, X. S., Ma, D. Q., Fang, S. D., Hua, J., Fan, Y., and Zhang, Y. (2018). Inhibition
of High Glucose-Induced Apoptosis of Pancreatic β-cells by Gallic Acid in
Phyllanthus Emblica. J. Kunming Med. Univ. 39 (6), 14–21.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yan, Cheng, Zhang, Luo, Zhang, Wang, Fu, Wang and Zhang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 74850014

Yan et al. Tibetan Medicine for Diabetes Mellitus

https://doi.org/10.1038/nrendo.2016.86
https://doi.org/10.1002/ptr.3440
https://doi.org/10.2147/dmso.S46341
https://doi.org/10.1016/j.phymed.2019.152906
https://doi.org/10.1159/000351722
https://doi.org/10.3724/SP.J.1123.2014.01025
https://doi.org/10.1016/j.bcp.2014.07.018
https://doi.org/10.4081/ams.2011.e1
https://doi.org/10.7506/spkx1002-6630-200905058
https://doi.org/10.7506/spkx1002-6630-200905058
https://doi.org/10.1016/j.phrs.2018.01.015
https://doi.org/10.1016/j.bse.2012.07.031
https://doi.org/10.1016/j.bse.2012.07.031
https://doi.org/10.1016/j.jep.2021.113995
https://doi.org/10.3389/fphar.2020.587995
https://doi.org/10.3389/fphar.2020.587995
https://doi.org/10.7501/j.issn.0253-2670.2017.08.031
https://doi.org/10.1016/j.jep.2013.07.003
https://doi.org/10.1016/s2213-8587(13)70021-4
https://doi.org/10.1016/s2213-8587(13)70021-4
https://doi.org/10.1056/NEJMra041001
https://doi.org/10.1248/bpb.b19-00562
https://doi.org/10.3389/fphar.2019.01666
https://doi.org/10.1016/j.jep.2019.111854
https://doi.org/10.1016/j.jep.2019.111854
https://doi.org/10.1016/j.fitote.2015.10.012
https://doi.org/10.1016/j.fitote.2015.10.012
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1155/2018/8478943
https://doi.org/10.2147/dddt.S153898
https://doi.org/10.3969/j.issn.1001-1528.2018.03.001
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Tibetan Medicine for Diabetes Mellitus: Overview of Pharmacological Perspectives
	Introduction
	Pathogenesis and Current Management of Diabetes Mellitus
	Tibetan Medicine Theory of Diabetes Mellitus
	Commonly Used Tibetan Materia Medica for Diabetes Mellitus Treatment
	Edgeworthia gardneri (Wall.) Meisn
	Phyllanthus emblica L
	Terminalia chebula Retz
	Huidouba
	Berberidis Cortex
	Triphala
	Padma 28

	Conclusion and Implications
	Author Contributions
	Funding
	Supplementary Material
	References


