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Abstract

Diabetic foot ulcer (DFU) is a common and severe complication among pa-
tients with diabetes. There are hundreds of natural products derived from herbs
that have been identified and proven to be effective for glucose-lowering and
wound-healing effects, such as flavones. In this case study, we reported that a
76-year-old male patient with severe traumatic DFU was cured after drinking
yellow tea (dehydrogenated Camellia sinensis) as a postprandial auxiliary
treatment for six months. Previously, the patient was required to be hospita-
lized, but the wound deteriorated after five months. The patient drank yellow
tea at approximately 12:30 pm (the active time of heart meridian) after lunch
every day. Five grams of yellow tea were boiled in one liter of water and cov-
ered above 70°C for approximately 30 minutes. He experienced profuse
sweating on his back after drinking yellow tea, with no other adverse effects.
His lifestyle and healthcare remained constant except for replacing green tea
with yellow tea. After six months, the ulcer had completely healed, and after
one year of follow-up, no new abnormalities or side effects were found. This
self-controlled case study indicates that flavone-enriched yellow tea or other
herbs may be an auxiliary therapy for diabetes and its complications.
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1. Introduction

Diabetic foot ulcer (DFU) is a serious complication among patients with di-

abetes, causing significant morbidity and mortality. A total of 21% - 30% of pa-

tients with diabetes develop peripheral neuropathy or lose sensation in their feet

[1]. It was reported that the rate of amputations increased by 50% in the U.S.
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population between 2009 and 2015 [2]. The treatment approaches of DFU in-
clude controlling blood glucose, debridement, and dressing application [1]. Pa-
tients with DFU require frequent health care, including daily wound care, anti-
microbial therapy, and surgical procedures [3]. Importantly, controlling glucose
plays a critical role in DFU. To date, no effective and feasible therapy might be
applied in the treatment of DFU except lower-extremity amputation for patients
with severe DFU.

World Health Organization (WHO) recognized the need of focusing on the
quality of life when existing healthcare services are not possible, encouraging
every country to explore conventional traditional medicine [4]. Among tradi-
tional medicines, traditional Chinese medicine (TCM) was first involved in the
International Classification of Disease published by WHO. The medical practice
in TCM, including acupuncture and herbal remedies, has been proven to be ef-
fective [5]. Increasing bioactive compounds derived from herbs have been iden-
tified to be effective, such as artemisinin [6]. However, people tend to apply aux-
iliary treatment using over-the-counter (OTC) herbal teas, ie., Chinese wolfber-
ry, chrysanthemum, and traditional tea (Camellia sinensis). Tea is widely con-
sumed in the world. In the English tradition, there is a binary classification di-
viding tea into non-fermented tea (green tea) and fermented tea (black tea).
Here black tea may include all five kinds of fermented tea but mainly refers to
red tea in the scientific six-category classification (green tea, cyan tea, red tea, yel-
low tea, black tea, and white tea) based on different manufacturing procedures [7].
Each type of tea has distinct medical functions because of different compounds.
For example, yellow tea has anti-hyperglycemic and kidney-protective effects
[8]. Previous comparative studies evaluated the efficacy and safety of different
tea types in high-fat diet-induced diabetic mice [9]. Among them, the rare yel-
low tea exhibited a unique feature of higher safety and better efficacy, which is
consistent with folklore. Yellow tea was first made in the Tang Dynasty (AD 618
to AD 907) and was once lost. Later recovered yellow tea is more similar to green
tea due to an insufficient degree of yellowing fermentation (Menhuang). Ac-
cording to ancient literature records and field investigations, Golden Buns (Fan
Jim Ji), one of the most famous yellow tea, was manufactured in Fanjing Moun-
tain, Guizhou. The manufacturing procedures and meridian tropism of Golden
Buns with a wolfberry flavor are similar to Goishi Tea from Kochi of Japan. The
yellow tea, in this case report, is Golden Buns from Bud-Chem Tea Co. Ltd.
(Jiangkou, Guizhou, China). Here, we report an auxiliary therapy of OTC yellow
tea for a patient with DFU who was determined the amputation. The wound had

healed completely through drinking yellow tea.

2. Case Report

A 76-year-old male with hyperglycemia and hypertension had been hospitalized
for around five months due to DFU. Previously, the patient was required hospi-
talization because of a digestive disorder and fever caused by diabetes. The di-

abetes history of the patient lasted 10 years with hypertension history. However,
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the patient was rarely able to control glucose, which contributed to severe com-
plication. Moreover, he required hospitalization for five months, whereas the
wound had no improvement but deteriorated.

Physical examination showed a 4.5 x 3.5 cm swelling and deteriorative ulcer lo-
cated above the right-foot cuboid bone, with significant pain, rancidness, serosan-
guineous drainage, and a necrotic area exposed muscle and tendon (Figure 1).
Coagulating yellow pus, apparent ischemic black margin, and infection induced
gangrene were observed. According to Wagner’s classification of DFU, the wound
was identified as grade IV (deep ulcer with osteomyelitis or abscess). Routine test
indicated the body temperature of the patient was 37.0°C with a heart rate of 70
min~". Blood glucose and blood pressure were unstable, which was difficult to ob-
tain stable data of blood routine. Meanwhile, the patient presented irritability and
demanded to go home to recuperate when he was required for amputation.

Although the orthopedist and diabetic doctor advised amputation, the patient
rejected that and volunteered to drink yellow tea when knowing the theoretical
anti-hyperuricemia effect of yellow tea. Yellow tea is believed for a long time to
have the effect of lowering blood glucose [10]. Key manufacturing procedure of
standard yellow tea is similar to Goishi Tea from Kochi of Japan and Lactate tea
of Deang people from Yunnan in China. First, fresh tea leaves are heated to in-
activate the endogenous enzyme. Then, after the leaf cells are broken, tea leaves
are wrapped and kept under the hygrothermal circumstance to dehydrogenate,
which is the key manufacturing procedure. Finally, the leaves are dried to fix the
flavones. To brew the tea, dry yellow tea weighed 5 g was boiled in 1 L water us-
ing a metallic electric kettle and kept above 70°C for approximately 30 minutes.
Infused leaves of yellow tea could be repeatedly brewed. Yellow tea infusion ex-
hibits a dark orange color with a strong aroma similar to red Chinese Wolfberry.
The patient drank yellow tea at approximately twelve thirty after lunch every
day. He felt profuse sweating at the back after drinking yellow tea and has no
other adverse effects. Abdominal distension and sick caused by indigestion were
gradually relieved. The patient felt active and efficient. Before this treatment, he
drank green tea frequently instead of yellow tea. During the treatment, his life-

style and health care remained constant except for replacing green tea with

Figure 1. Injury surface of DFU before and after yellow tea therapy.
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yellow tea. For example, regular disinfection of the wound was conducted every
day. Surprisingly, the swelling and pain disappeared and the ulcer almost healed
after six months (Figure 1). Subsequently, his ulcer completely healed during a
one-year follow-up. Nowadays, the patient still drinks yellow tea every day and is
able to walk normally. He would walk every day and carry a cup of yellow tea in
an insulation cup. Meanwhile, no abnormality has ever been found in blood

glucose and blood pressure. He is even better than ever before.

3. Discussion

DFU is considered as one of the causes of amputation, intensive care, and even
death. The patients need to prevent DFU by self-care functions [11]. Controlling
blood glucose is essential to improve DFU healing and limit adverse effects on
cellular immunity and infection [12]. When the patients are not satisfied with
the existing healthcare services, they would predispose to conventional medi-
cines, such as OTC herb therapy in TCM. DFU was recorded in the Yellow Em-
peror’s Canon of Medicine (Huangdi Neijing), frame of which might originate
in Hongshan culture of 6000 - 5000 before present in northeastern China. Cur-
rently, more than 40 Chinese herbs and their derivatives have been used to treat
diabetes by regulation of multiple targets, including natural compounds (berbe-
rine, ginsenoside, and curcumin) and Chinese prescriptions [13]. A randomized
double-blind placebo-controlled study indicated that a six-month treatment of
the herbal recipe (Astragali Radix and Radix Rehmanniae) could promote the
healing in ulcer areas and significantly decrease serum TNEF-a levels compared
with a placebo-controlled group [14]. In addition, microarray studies uncovered
that herbal recipe treatment could regulate the expression of genes implicated in
fibroblast regeneration, angiogenesis, and anti-inflammation. Significantly, fla-
vonoids from the herbs are responsible for anti-hyperglycemic effects through
regulation of g-amylase and a-glucosidase activity [15]. Tea is one of the herbal
food homological plants with the highest content of flavonoids. Tea was first
discovered by Shennong, which was recorded in Shennong’s Canon of Herbs.
Historically, healthy functions of tea were documented in many ancient books,
Le., Luyu’s Classic of Tea and Huatuo’s Classic of Food. Hence, tea is used as an
herbal remedy in daily life to prevent and treat various diseases from time im-
memorial, especially hypoglycemic effect and emotion improvement. However,
numerous epidemiological studies focus on the function of green tea and red tea
and even do not distinguish six types of tea [16]. In this case, the patient with
severe DFU rejected amputation and then chose to drink yellow tea every day.
The patient not only healed completely, but also got back the normal walking
ability in daily life. Compared with hospitalization for five months, the patient
only changed the consumption of tea types from green tea to yellow tea. Nota-
bly, the patient with DFU sweated copiously during drinking yellow tea, demon-
strating that the patient was metabolically active, resulting in the reduction of
blood glucose. This result reveals that yellow tea might be an auxiliary therapy
for daily health care of patients with diabetes.
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Tea has been initially used as a traditional Chinese herb with a long history of
cultivation and utilization for around 6000 years. In Tang Dynasty, tea drinking
was quite popular and gradually shifted to a healthy beverage in daily life. Si-
multaneously, yellow tea was invented, including Yonghu yellow tea from Dongt-
ing Lake, Huxi yellow tea from Poyang Lake, Goishi Tea from Kochi of Japan,
and Deang Lactate tea from Yunnan [17]. Unfortunately, the former two yellow
teas had been lost after Tang Dynasty. In multiple fieldworks, these two yellow
teas were finally restored recently, having a promising function for cardiovascu-
lar and kidney-protective effects. A recent study indicated that yellow tea exhi-
bited anti-hyperglycemic effects compared with other types of tea [18]. Untar-
geted metabolomics of tea indicated that yellow tea was enriched in flavones, not
flavan-3-ols within green tea [17]. This might be resulted from the dehydrogena-
tion of flavan-3-ols at C2- and C3-position produced 2-phenyl chromogenone of
flavones in yellowing fermentation. Thus, anti-hyperglycemic effect of yellow tea
might be associated with flavones compared with green tea. In addition, epigal-
locatechin-3-gallate, a derivative of flavonoid, ameliorated diabetic wound heal-
ing in mice through targeting the Notch signaling pathway [19], alleviating insu-
lin resistance through inhibition of inflammation to reduce the risk of diabetes
[20]. According to TCM, green tea is cold (cytoactive inhibiting) with diuretic
and brain-refreshing effects, whereas yellow tea is hot (cytoactive enhancing)
with cardiovascular-protective effects. Besides, the best drinking time for yellow
tea is the active time of heart meridian suggested by TCM, consistent with circa-
dian principle of TCM (Figure 2). Furthermore, copious sweating during
drinking yellow tea may result in excreting other chemicals and metabolites
from the body [21], which might activate the targeted organs along the heart
meridian. Therefore, drinking yellow tea helps in lowering the glucose, promot-

ing fibroblast migration and the formation of new capillaries around the wound.

Figure 2. The main target organs of the heart channels.
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4. Conclusion

In summary, this case provides a new perspective that flavone-enriched yellow
tea or other herbs may be useful as an auxiliary therapy for DFU or other com-

plications caused by diabetes.
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