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Traditional Chinese medicine (TCM) encompasses treatment strategies for diabetes, which is referred to
as “Consumptive Thirsty” syndrome. Recently, there has been a discovery regarding the mapping between
TCM and signaling molecules, which has revealed a remarkable consistency between TCM and modern
medicine from a molecular perspective. In this manuscript, we have summarized the etiology and treatment
strategies for diabetes in TCM and have examined these strategies in the context of molecular mechanisms.
Our review demonstrates that the targeting molecule of TCM for the treatment of diabetes is FoxOl, a trans-
cription factor that plays a pivotal role in regulating gluconeogenesis and glycogenolysis. TCM ranks the
development of diabetes into three stages and utilizes different herbal formulas to control FoxO1 accordin-
gly. At Stage 1, TCM inhibits FoxO1 by lowering its expression in the lung. At Stage 2, TCM increases the
expression of FoxO1 by suppressing its activity in the stomach. At Stage 3, TCM utilizes the famous herbal
formula Liuwei Dihuang Pill to amplify the expression of FoxO1, and to enhance the concentrations of potas-
sium, phosphorus, and Wnt, but to reduce the concentration of calcium. These TCM treatment strategies are

in accordance with corresponding mechanisms in modern medicine.
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Introduction

Traditional Chinese medicine (TCM) has been utilized
in China and other East Asian countries for thousands of
years. The fundamental doctrinal source for TCM is “Yel-
low Emperor’s Inner Canon” (YEIC). According to YEIC
theory, vital substances within the human body, such as
Qi, Yang Qi, Yin Qi, among others, regulate physiologic
and pathological processes. TCM diagnosis and treatment
strategies have been based on the functions and interac-
tions of these vital substances. The YEIC framework also
provides insights into the treaments of diabetes by TCM
vital substances (1).

In modern medicine, molecular signaling represents a
fundamental physiological process. Signaling pathways
encompass a series of chemical reactions that occur within
the cytoplasm of a biological cell in response to a stimulus,
also known as a first messenger. This stimulus interacts
with a receptor, which then transduces the signal to the cell
interior through second messengers, ultimately leading to
amplification and transfer of the signal to effector mole-
cules. This series of biochemical events often occurs in a
linear cascade, where one event triggers the next. Throu-
ghout the signaling cascade, various regulatory factors
are involved at each step to tightly control and modulate
cellular responses, allowing cells to effectively respond to
the cues from their changing internal and external envi-
ronments (2).

Recently, mappings between TCM and signaling mo-

lecules have been uncovered, and the mappings between
TCM vital substances and signaling molecules have been
compiled and presented in Figure 1 and Table 1 for refe-
rence. In the book titled “The Mapping between Tradi-
tional Chinese Medicine and Signaling Molecules” (3),
it is illustrated that there are correlations between vital
substances in TCM and signaling molecules in modern
medicine. Both TCM and modern medicine elucidate phy-
siological processes in the human body, albeit utilizing
different terminologies. In each TCM vital substance and
signaling molecule mapping, the physiological functions
remain consistent. Moreover, the interconnections among
various TCM vital substances correspond to the signaling
pathways of relevant molecules. Likewise, specific TCM
herbal medicines elicit similar effects on both the TCM vi-
tal substance and its corresponding molecule. By utilizing
these mappings, one can scrutinize the TCM etiology of
arthritis, diabetes, and constipation, and their related TCM
therapeutic approaches. The analyses disclose the simila-
rity in disease causation and management between TCM
and modern medicine (3). In this review article, we pre-
sent a summary of the etiology and treatment approaches
for diabetes in the context of TCM. The information has
also been translated into molecular terms to facilitate a
deeper understanding of the topic.

Effect of Forkhead box protein O1 (FoxO1) on Diabetes

In TCM, the term “Consumption” corresponds to the
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Table 1. The mapping between TCM vital substances and signaling molecules (3).

ggx t;]lilt;l Signaling Molecules ]Sfll)\;[ t;’Iilt;l Signaling Molecules
Essence Tyrosine Liver Qi Glutathione (GSH)
Mind Melatonin Liver Yin Superoxide giesnrrilr:ltase (SOD)
I;tglue]real Serotonin Liver Yang Hepatgrc;’ttgrg;%\;ggnﬁzg&r)()HGF)
Corporeal Soul Cysteine Heart Qi Magnesium (Mg)
Ideation Tryptophan Heart Yin Angiotensin
Will Arginine Heart Yang IGF
Thin Fluid Proteins Spleen Qi Ghrelin
Thick Fluid Lipids Spleen Yin Ié:lt(if;itsrzggfd
Qi Sodium Spleen Yang Atrial Natriuretic Peptide (ANP)
Zong Qi Dopamine Lung Qi Hypoxia Inducible Factor (HIF)
Nutrient Qi Cyclic adenosine monophosphate  (cAMP) Lung Yin Ascorbic Acid
Glory Qi Adenosine triphosphate (ATP) Lung Yang Vas%%ﬁgz?sstgigii t%r;;ztﬁ)fa;ct(%ré;/%GF)
De(fzeinding Chloride Kidney Qi Nitric Oxide (NO)
Yin Qi Potassium Kidney Yin Wnt
Calcitonin
Yang Qi Calcium Kidney Yang Parathyroid hormone-related protein
(PTHrP)
Clear Qi Toll-like receptor 4 (TLR4) Cold Interleukin-1 (IL-1)
Turbid Qi Leptin Damp Interleukin-6 (IL-6)
Righteous Qi Immunoglobulin G (IgG) Wind NF-«xB
Evil Qi Lipopolysaccharide (LPS) Heat TNF-a
Stomach Qi Amylase Dry Interleukin (IL-8)
Genuine Qi Phosphorus Summerheat Cyclooxygenase-2 (COX-2)
Blood Qi Iron Consumption Forkhead Box O1 (FoxO1)
Essence Qi Zinc Central Aldosterone
Indulged Qi Gonadotropin hz)grrllgrll{e)-releasing hormone
Mind Qi Thyroid Hormone

vital substance Forkhead box protein O1 (FoxO1) (3).
FoxOl1 is a transcription factor that assumes pivotal func-
tions in modulating gluconeogenesis and glycogenolysis
via insulin signaling pathways. Additionally, it participates
in dictating the course of preadipocyte differentiation to-
ward adipogenesis (4). Importantly, the TCM syndrome
known as “Consumptive Thirsty” aligns with diabetes (3).

Insulin resistance, obesity, and inadequate insulin se-
cretion represent the most commonly encountered etiolo-
gies for type 2 diabetes (5). FoxO proteins play a crucial
role as targets in mediating the action of insulin, with the
inhibition of FoxO1 being essential for both direct (hepa-
tic) and indirect effects of insulin on hepatic glucose pro-
duction and utilization. Additionally, when liver FoxOl1
activity is disrupted, the extrahepatic effects of insulin
are sufficient to sustain normal hepatic and whole-body
glucose metabolism (6). The overexpression of FoxOl
protein in the liver enhances hepatic glucose output, and
FoxOl is among the factors that stimulate glucose pro-
duction in this organ (7). In contrast to other body tissues,
FoxO1 works differently in muscles. Following prolonged
fasting, FoxO1 increases, and it attaches to a specific part
of a gene called “pyruvate dehydrogenase kinase-4”. This
causes a substance called “pyruvate” to turn into “acetyl
CoA” and speeds up the use of glucose. (8).

Activating FoxOl in the kidney has the potential to
prevent complications related to diabetes. Studies conduc-
ted both in cells outside of the body and in living animals
have shown that in diabetic mice, the FoxO1 protein is
reduced when kidney cells are exposed to high levels of
glucose. In diabetes, FoxO1 can be affected in both the
cytoplasm and the nucleus of cells. High blood sugar can
increase the production of a protein called TNF-a in the
kidney. This protein, in turn, boosts the levels of a mole-
cule called STAT1, which prevents FoxO1 from functio-
ning in the nucleus. Moreover, high levels of glucose in
kidney cells can trigger a cascade of reactions called the
AKT pathway, which breaks down FoxO1 (7, 9). Resear-
chers believe that FoxO1 can protect kidney tissue by de-
creasing oxidative stress. Studies have indicated that when
FoxO1 is overexpressed in kidney tissue, it increases the
activity of genes that produce antioxidant substances, such
as catalase and superoxide dismutase (SOD), which can
help fight diabetes-related kidney damage (7, 10). Many
studies have shown that using FoxO1 can be helpful in
treating obesity and diabetes that depend on insulin (11).
The role of FoxO1 in diabetes is succinctly depicted in
Figure 2. Insulin effectively suppresses FoxO1, while Akt
phosphorylates it. In the liver, FoxO1 facilitates glucose
production, whereas in the kidney, it may mitigate compli-
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Figure 1. The mappings between TCM vital substances and signaling
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Figure 2. FoxOl1 has a significant impact on diabetes. Insulin effec-
tively inhibits FoxO1 while Akt phosphorylates it. FoxO1 promotes
glucose production in the liver, while in the kidney, it could prevent
complications linked to diabetes. The arrow indicates increasing, and
the solid circle indicates inhibiting effects.

cations associated with diabetes.

TCM Treatment Strategies for Diabetes

Wansu Liu (1100-1180) was a renowned TCM prac-
titioner during the Yuan Dynasty. He authored the book

“Three Consumptions Theory” (12), which introduced the
concept of “Consumptive Thirsty” Syndrome, also known
as diabetes. Similarly, Danxi Zhu, another famous TCM
physician of the Yuan Dynasty, wrote: “Danxi’s Mastery
of Medicine” (13), which presented the treatment strategy
for “Consumptive Thirsty” Syndrome (diabetes). They
classified the syndrome into three stages, with each stage
corresponding to a specific organ: Stage 1 is linked to the
lungs, Stage 2 to the stomach, and Stage 3 to the kidneys.
At each stage, they suggested distinct treatment strategies
for “Consumptive Thirsty” Syndrome (diabetes).

Utilizing the correlation between TCM and signaling
molecules, we conducted an analysis of the TCM approach
for treating diabetes at different stages from a molecular
perspective. Our investigation revealed that TCM and mo-
dern medicine employ comparable strategies for treating
diabetes.

Molecular basis of TCM treatments for Stage 1 Consump-
tive-Thirsty Syndrome (diabetes)

According to TCM, the first stage of “Consumptive-
Thirsty” Syndrome (diabetes) is associated with the lungs
due to its anatomical location at the upper part of the body.
TCM terminology for this stage is “Upper Consumption.”
(12, 13).“Research on Recipes” is an ancient TCM book
authored by Kun Wu during the Ming Dynasty (14). Vo-
lume 4 of this book includes a treatment method for Upper
Consumption, which involves using a combination of Cop-
tis chinensis powder, Trichosanthes root powder, human
milk, and juice of lotus root. In physiological terms, the
inhibitory effect of these four herbal medicines on FOXO1
is presented in Table 2 and illustrated in Figure 3.

The TCM strategy for treating Stage 1 “Consumptive-
Thirsty” Syndrome involves inhibiting FoxO1. Since the
expression of FoxO1 protein in the liver is crucial in pro-
moting hepatic glucose production as well as being one
of the factors that stimulate glucose synthesis within the
liver (7), Coptis chinensis, which reduces FoxOl in the
liver and inhibits hepatic gluconeogenesis (15), supports
the TCM strategy, which is in line with modern medicine.

Molecular basis of TCM treatment for Stage 2 Consump-
tive-Thirsty Syndrome (diabetes)

In the context of Stage 2 of “Consumptive-Thirsty” Syn-
drome (diabetes), TCM theory holds that it is associated
with the stomach, which is situated in the middle location
of the body and is referred to as “Middle Consumption”
(12, 13). An ancient TCM book “Research on Recipes”
(14), mentioned the use of “Tiaowei Chengqi Decoction
(TCD)”, which consists of Rhubarb, Mirabilitum and lico-
rice, to address the symptoms of this stage. The prescrip-
tion is indicated for patients with Middle Consumption

Coptis Chinensis
Trichosanthes hepatic glucose

FoxOl—— .
production

Human Milk

Lotus Root

Figure 3. The effect of TCM herbal medicines on FoxO1. The arrow
indicates increasing, and the solid circle indicates inhibiting effects.
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Table 2. TCM formula to treat upper consumption.

Herbal medicine Effects on FoxO1

Berberine, a compound that can be extracted from different plant sources including Coptis

Coptis chinensis
gluconeogenesis. (15).

chinensis, has been found to lower FoxO1 expression in the liver and inhibit hepatic

Milk signaling has been found to down-regulate the essential transcription factor FoxOl1,

which in turn results in the up-regulation of insulin promoter factor-1. This up-regulation
stimulates p-cell proliferation, insulin secretion, and the co-expression of islet amyloid

Trichosanthes Trichosanthes pericarpimm inhibits FoxO1 (16).
Human milk

polypeptide. (17).
Lotus root

FoxO3 stimulates the expression of FoxO1 and FoxO4 (18). The administration of Lotus leaf

has been found to significantly reduce the gene expression of FoxO3a. (19).

Rhubarb l—.———l

complications

%Mirabilitum Akt —e FoxOQ1—e  associated

; K with diabetes
Licorice
(TCD)

Figure 4. The effect of TCD on FoxOl. The arrow indicates increa-
sing, and the solid circle indicates inhibiting effects.

who eat excessively and experience increased urination.
The formula is said to effectively treat this condition.

In physiological processes, the PI3K/Akt pathway
serves as the primary regulatory pathway for FoxO1 pro-
tein. Phosphorylation of FoxO1 by Akt leads to the inhi-
bition of FoxO1°’s transcriptional activities (20). However,
Tiaowei Chengqi Decoction (TCD, Rhubarb & Mirabili-
tum Combination) has been shown to significantly increase
the phosphorylation of PI3K and Akt (21), which suggests
that TCD may increase FoxOl activity. Additionally, it
should be noted that rhein, an anthraquinone compound
found in the TCM rhubarb, functions as a natural agent
that inhibits Akt (22). Furthermore, licorice flavonoid has
been shown to activate FoxO1 (23). A detailed depiction

of these interactions is presented in Figure 4.

Thus, the TCM approach to treating Stage 2 “Consump-
tive-Thirsty” Syndrome involves enhancing FoxOl. As
the activation of FoxO1 in the kidney has the potential to
prevent diabetes-associated complications (7, 9), the TCM
approach aligns with that of modern medicine.

Molecular basis of TCM treatment for Stage 3 Consump-
tive-Thirsty Syndrome (diabetes)

In the third stage of “Consumptive-Thirsty” Syndrome,
TCM attributes the condition to the kidneys as they are
located in the lower region of the body, thus referred to as
“Lower Consumption” (12, 13). The ancient TCM book,
“Three Consumptions Theory” (12), lists various causes
of “Consumptive-Thirsty” Syndrome, as shown in Table
3, and compares them to molecular mappings.

Hence, the pathological characteristics of “Consump-
tive-Thirsty” Syndrome in TCM are akin to those observed
in diabetes under the purview of contemporary medicine.
The ancient text, “Research on Recipes” (14), describes
the composition of Liuwei Dihuang Pill as comprising
Rehmannia, Cornus officinalis, Dioscorea polystachya
(Yam), Poria, the bark of tree peony root, and Alismatis
Rhizoma. The text further elucidates that the patients with
lower Consumption, who exhibit symptoms of Polydipsia
and cream urine, can be treated with this pill. In TCM,

Table 3. Causes of “Consumptive-Thirsty” Syndrome and their Molecular Mappings.

Cause of “Consumptive-Thirsty” Syndrome (12)

Molecular mappings

Yin Qi is extremely weak in the patient with “Consumptive-

Thirsty” Syndrome.
** Yin Qi corresponds to Potassium (K).

Yang Qi is very high in the patient with “Consumptive-Thirsty”

Syndrome.
** Yang Qi corresponds to Calcium (Ca).

For patients with “Consumptive-Thirsty” Syndrome, their
Genuine Qi becomes weak. If warm medicines are used to
supplement the Genuine Qi, the patient’s thirst stops, their urine
returns to normal, and they recover from their illness.

** Genuine Qi corresponds to Phosphorus (P).

In patients diagnosed with the “Consumptive-Thirsty” syndrome,
the Kidney Yin exhibits a state of coldness. The consumption of
cold medicine exacerbates this condition, leading to a weakening
of the Kidney Yin. Conversely, the administration of treatments
that strengthen the Kidney Yin results in the cessation of thirst,
normalization of urine output, and eventual recovery from the
underlying illness.

** Kidney Yin corresponds to Wnt.

Individuals with low potassium levels have been shown to
secrete lower amounts of insulin, have elevated blood sugar
levels, and are at an increased risk of developing type 2
diabetes, compared to those with normal potassium levels
(24).

Throughout an average follow-up period of 8.8 years, 1516
cases of diabetes were reported, and an elevated level of
serum calcium was found to be linked to an increased risk
of type 2 diabetes. (25).

There is a substantial decrease in the serum level of
phosphorus observed in patients with type 2 diabetes (26).

Type 2 diabetes is marked by insulin resistance, insufficient
insulin production, and elevated blood glucose levels. The
activation of Wnt activity is believed to hold promise as a
potential form of treatment for type 2 diabetes (27).
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o ——e | Akt |—e FoxO1 —
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Figure 5. Effect of Liuwei Dihuang Pill on FoxO1. The arrow indi-
cates increasing, and the solid circle indicates inhibiting effects.

Liuwei Dihuang Pill is renowned for its efficacy in nou-
rishing Kidney Yin (Wnt) (3).

Physiologically, Liuwei Dihuang Pill has been shown
to inhibit the expression of PI3k, mTOR, and Akt (28).
Akt, in turn, phosphorylates FoxO1 and impedes its trans-
criptional functions, as evidenced in (20). Consequently,
the inhibition of Akt would result in an increase in FoxO1.
Furthermore, It was demonstrated that Liuwei Dihuang
Pill could enhance the protein and gene expression of
Wntl, Wnt3a, and B-catenin, thereby activating the Wnt/j-
catenin signaling pathway (29).

Studies have shown that the activation of FoxOl1 in the
kidney can help prevent complications linked to diabetes
(7, 9). Moreover, enhancing Wnt activity has been sug-
gested as a plausible approach for treating type 2 diabetes,
as elucidated by (27). Therefore, the TCM approach to
managing Stage 3 Consumptive-Thirsty Syndrome aligns
with the therapeutic approach taken by modern medicine
in managing diabetes. The details of this alignment are
illustrated in Figure 5.

The influence of FoxO1 on Wnt, Calcium, Potassium,
and Phosphorus is indeed intriguing. FoxOl1 is known to
enhance the expression of canonical Wnt genes (30). Cal-
cium ions are crucial for cellular signaling within skeletal
muscle. Excessive calcium in the sarcoplasm can induce
muscle fiber atrophy and, in extreme cases, cell death.
This accumulation can also lead to mitochondrial inactiva-
tion and a decrease in skeletal muscle function (31). FoxO
proteins play a vital role in maintaining muscle strength
as they regulate genes involved in calcium signaling. This
discovery paves the way for further investigation into the
mechanisms by which the insulin receptor (IR)/insulin-
like growth factor 1 receptor (IGF1R) and FoxO pathways
control calcium balance, especially in relation to muscle
atrophy associated with diabetes (32). It is established that
Akt phosphorylates FoxO1, thereby inhibiting its trans-
criptional functions (20), and that PI3K/Akt signaling re-
duces sarcolemmal potassium currents in neonatal rat car-
diac myocytes (33). This suggests that a decrease in Akt
would result in increased FoxO1 and potassium current, or
that higher FoxO1 levels would correspond to increased
potassium levels. Furthermore, hyperphosphatemia has
been found to inhibit the Akt/mTOR signaling pathway
(34), suggesting that a decrease in Akt would correspond
to increased phosphate and FoxO1 levels. These effects

of FoxOl align with the principles of traditional Chinese
medicine.

Furthermore, as outlined in Table 4, Liuwei Dihuang
Pill or its constituent compounds have been shown to in-
crease Potassium levels, suppress Calcium levels, and in-
crease Phosphorus and Wnt activities. According to a stu-
dy conducted in (35), the combination of Liuwei Dihuang
Pill and losartan potassium has demonstrated a favorable
clinical efficacy in treating early-stage diabetic nephropa-
thy. This combination therapy has been found to improve
renal function and effectively reduce urinary microprotein
levels, thereby presenting a certain clinical value.

The Na'-K*-ATPase pump located in the cell mem-
brane is primarily responsible for maintaining the proper
distribution of potassium between the cells and extracel-
lular fluid. Excessively enhanced activity of the pump
may contribute to temporary hypokalemia as a result of
an influx of potassium into cells, as reported by (36).
However, experimental studies involving hyperthyroid
rats have shown that Liuwei Dihuang Pill, a TCM remedy,
can effectively reduce the activity of the Na'-K*-ATPase
pump in liver tissue and thyroid hormone levels, leading
to increased potassium levels.

According to (37), Rehmannia contains a higher
amount of phosphorus. The concentration of calcium
inside cells is significantly lower compared to that in the
extracellular fluid. This considerable concentration gra-
dient is preserved through limited permeability, calcium
extrusion pumps, and highly efficient binding by intracel-
lular stores (38). The major phenolic compound named
Paeonol, which is obtained from the root bark of Paeonia
moutan, has been discovered to escalate the concentration
of intracellular calcium. This highlights that it may reduce
the concentration of extracellular and plasma calcium (39).
In addition, Paeonol was shown to block L-type calcium
channel current (40). The primary subset of triterpenes
found in Alismatis rhizoma is known as alisols (41), and
it has been found that alisol-B administration significantly
suppresses hypercalcemia (42).

Summary of TCM Strategies to Treat Diabetes

In TCM, the progression of diabetes, or “Consumptive
Thirsty” Syndrome, is classified into three stages, each
with different treatment approaches. TCM views the pri-
mary factor in this syndrome as “Consumption” (referring
to FoxOl), and the focus of treatment is to regulate this
factor.

Figure 6 illustrates a comparison of the perspectives
on diabetes between TCM and modern medicine. TCM
posits that the “Consumptive-Thirsty”” Syndrome in Stage
1 is associated with the lung (12, 13). In a physiological
context, patients with mild asthma display significantly
elevated levels of the FoxO1 gene in their airway macro-
phages (43), and FoxOl1 is involved in muscle cell dege-

Table 4. Effect of herbal medicine on Ca, K, P and Wnt.

TCM medicine Effects on Ca, K, P, Wnt
Liuwei Dihuang Pill (29, 36) K1, Wnt 1

Rehmannia (37) Pt

bark of tree peony root (39, 40) Ca]

Alismatis rhizome (42) Cal
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Figure 6. Comparison of views on diabetes between TCM and mo-
dern medicine.

neration in individuals experiencing chronic obstructive
pulmonary disease (COPD) (44). Furthermore, diabetes
mellitus is a frequent comorbidity that occurs concurrently
with the diagnosis of COPD. It’s also fairly common for
patients with COPD to develop diabetes mellitus as their
condition progresses (45). The TCM treatment for Stage 1
entails the inhibition of FoxO1, which aligns with modern
medical practice.

In Stage 2, the “Consumptive-Thirsty” Syndrome is
linked to the stomach according to TCM (12, 13). From
a physiological perspective, a decrease in the levels of
FoxO1 significantly boosts the proliferation of gastric
cancer cells, while FoxO1 functions as a tumor suppressor
in relation to gastric cancer (46). Furthermore, individuals
with diabetes are at a higher risk of developing gastric can-
cer (47). The TCM treatment for the Middle Consumption
stage involves increasing FoxO1 levels, which aligns with
modern medical practice.

In Stage 3, the “Consumptive-Thirsty” Syndrome is
associated with the kidney in TCM (12, 13). Physiologi-
cally, the expression of FoxOl is reduced in kidney cells
of diabetic mice both in vitro and in vivo when exposed to
high levels of glucose. Diabetes may have an impact on
FoxO1 within the nucleus and cytosol of cells. An increase
in glucose concentration in kidney cells can also stimulate
the activation of the Akt cascade, leading to a rise in the
degradation of FoxO1 (7, 9). FoxO1 plays a protective role
in kidney tissue (7, 10). The TCM treatment for the Lower
Consumption stage involves increasing FoxOl1 levels,
which aligns with modern medical practice.

The Implications of TCM Strategies for Diabetes
Treatment in Modern Medicine

The TCM approach to diabetes treatment involves
enhancing the expression of FoxOl and increasing the
levels of potassium, phosphorus, and Wnt, while simulta-
neously decreasing calcium concentrations. The methods
to achieve these objectives are well-established in contem-
porary medicine.

FoxO transcription factors are central regulators of cel-
lular homeostasis. FoxOs respond to a wide range of exter-
nal stimuli, including growth factor signaling, oxidative
stress, genotoxic stress, and nutrient deprivation. These
signaling inputs regulate FoxOs through a number of post-
translational modifications, including phosphorylation,
acetylation, ubiquitination, and methylation (48). FoxO
activity, stability, and localization can be regulated by the
insulin/insulin-like growth factor (IGF) signaling pathway
and reactive oxygen species (ROS). Insulin/IGF activates

transmembrane receptors and in turn, activates the insulin
receptor substrate (IRS) proteins. These IRS proteins then
trigger a series of downstream signaling events, culmina-
ting in the phosphorylation and activation of AKT. Once
activated, AKT phosphorylates FoxO proteins. Contrary
to the inhibitory effect of insulin/IGF signaling, reactive
oxygen species (ROS) encourage the nuclear localization
and activation of FoxOs. Upon activation, FoxOs regulate
several cellular processes that promote cellular homeos-
tasis (48). Furthermore, FoxO1 is activated in response
to bacterial or cytokine stimulation. Its translocation to
the nucleus and subsequent binding to promoter regions
of genes containing FoxO response elements are facili-
tated by the MAP kinase pathway while being inhibited
by the PI3K/Akt pathway. The downstream gene targets
of FoxO1 include pro-inflammatory signaling molecules
such as TLR2, TLR4, IL-1p, and TNF-a. (49).The body
needs potassium for almost everything it does, including
proper kidney and heart function, muscle contraction,
and nerve transmission. Potassium is an essential ele-
ment found in many foods, including fruits such as dried
apricots, prunes, raisins, orange juice, and bananas; vege-
tables such as acorn squash, potatoes, spinach, tomatoes,
and broccoli; lentils, kidney beans, soybeans, and nuts;
milk and yogurt; meats, poultry, and fish. Potassium is
also contained in many multivitamin/multimineral sup-
plements and in supplements that contain only potassium.
Potassium in supplements comes in many different forms
- a common form is potassium chloride, but other forms
used in supplements are potassium citrate, potassium
phosphate, potassium aspartate, potassium bicarbonate,
and potassium gluconate (50).

Phosphorus is a component of bones, teeth, DNA,
and RNA. In the form of phospholipids, phosphorus is
also a component of cell membrane structure and ATP.
Phosphorus plays key roles in regulation of gene trans-
cription, activation of enzymes, maintenance of normal
pH in extracellular fluid, and intracellular energy storage.
Many different types of foods contain phosphorus, inclu-
ding dairy products, meats and poultry, fish, eggs, nuts,
legumes, vegetables, and grains (51). Phosphorus and cal-
cium are interrelated because hormones, such as vitamin
D and parathyroid hormone (PTH), regulate the meta-
bolism of both minerals. The combination of high phos-
phorus intakes with low calcium intakes increases serum
PTH levels. Moreover, a high phosphorus intake without
adequate calcium intake seems to have negative impact on
calcium metabolism (51, 52).

The Wnt protein family, known for its role in cellu-
lar processes such as development, stem cell preservation,
and tissue regeneration, primarily triggers two intracellular
signaling pathways. The canonical Wnt pathway utilizes
[-catenin as the principal effector, transmitting signals to
the nucleus and initiating the transcription of Wnt-specific
genes that govern cell fate decisions across various cells
and tissues. The second Wnt signaling pathway operates
independently of B-catenin’s signaling function (53). Wnt
signaling can be stimulated through various approaches.
These include the initiation of Wnt signaling via Wnt pro-
teins and their mimics, the enhancement of Wnt signaling
by inhibiting its suppressors, and the promotion of Wnt
signaling by preventing the degradation of B-catenin (54).

Several well-established medications are available for
the treatment of hypercalcemia. For instance, Calcito-

49



Yang Liu et al. / TCM for diabetes treatment, 2023, 69(12): 44-51

nin, a hormone derived from salmon, is used to regulate
blood calcium levels. Calcimimetics are drugs designed to
manage overactive parathyroid glands. Additionally, Bis-
phosphonates, a class of intravenous osteoporosis drugs,
can rapidly reduce calcium levels (55). Moreover, pharma-
cotherapies based on Calcitonin have been developed for
the treatment of diabetes-related conditions (56).

Conclusion

Traditional Chinese medicine views diabetes as the
"Consumptive-Thirst" syndrome and emphasizes the im-
portance of the FoxO1 molecule in the disease process.
TCM categorizes this syndrome into three distinct stages,
each with its own unique treatment approach. In the first
stage, TCM aims to inhibit FoxO1, aligning with the initial
treatment strategy of contemporary medicine. However, in
the later stages of the disease, TCM suggests increasing
FoxO1 expression, which is also supported by modern
medicine. In the third stage, TCM utilizes the well-known
herbal formula Liuwei Dihuang Pill to enhance the expres-
sion of FoxOl1, potassium, phosphorus, and Wnt, while
reducing calcium levels. Understanding the molecular
mechanisms behind TCM's diabetes theory will offer new
therapeutic avenues for treating the disease.
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