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Ganjiang (Zingiberis Rhizoma, ZR) and Jiangtan (Carbonized Zingiberis Rhizoma, CZR) have
long been used in traditional Chinese medicine (TCM) with a rich history in the treatment of
various ailments. While ZR and CZR obviously stem from the same botanical source, their at-
tributes, chemical compositions, pharmacological behaviors, and clinical applications are dif-
ferent owing to variations in the extent of drying and processing they undergo. In this paper,
data pertaining to ZR and CZR were retrieved from databases including China National
Knowledge Infrastructure (CNKI), PubMed, Web of Science, and Google Scholar. These
sources were scrutinized to elucidate the distinctions between ZR and CZR arising from car-
bonization processing in terms of their ethnopharmacology, quality control, chemical com-
positions, biological activities, pharmacological mechanisms, and clinical uses. In this study,
a total of 56 chemical constituents were identified and isolated from ZR and CZR, which pri-
marily encompassed volatile oils, gingerols, and diphenylheptane compounds. CZR's phar-
macological effects include hemostatic, anti-oxidant, analgesic, antibacterial, anti-cancer,
and other biological activities. ZR has pungent and warm properties. It is a Yang-supplement-
ing herbal medicine for ailments exacerbated by cold or damp climatic influences. CZR is a
product of ZR after undergoing high temperature, with diminished intensity of its pungent
and warm attributes. This change leads to a more gradual treatment efficacy, renowned
hemostatic effects and its ability to gently invigorate the spleen and effectively alleviate diar-
rhea. Currently, research on the pharmacological mechanism of CZR is mainly focused on the
effects of CZR on coagulation and fibrinolysis. Although the healing effect of CZR has long
been known, and some correlation has been found between the changing composition and
the changing color of the decoctions, people still lack relatively clear processing mechanisms
to reflect the characteristics and specific quality standards of the ingredients of CZR's hemo-
static effect. This review provides a systematic summary on quality control, chemical compo-
sition, ethnopharmacology, and pharmacology of CZR, offering novel perspectives for ad-
vancing the exploration of additional carbonized herbal medicine and fostering their applica-
tion in clinical settings.
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1 Introduction

One single traditional Chinese medicine (TCM) herb of-
ten possesses multiple effects owing to its complex com-
positions. In clinical treatment, it's unnecessary to utilize
all roles that TCM herbs play. Instead, it is important to
tailor the treatment to the patient’s specific conditions
and realize therapeutic outcomes through focused use of
TCM herbs. The processing of TCM herbs is a crucial step
to reduce their toxicity or side effects and strengthen their
efficacy for clinical uses, which is in accordance with the
syndrome differentiation and treatment principle in
TCM. In the work Enlightenment on Materia Medica (Ben
Cao Meng Quan, {A¥*%%) ), CHEN Jiamo of the
Ming Dynasty emphasized that the utmost significance in
the production of TCM lay in the art of moderate process-
ing. Insufficient manufacturing and processing could im-
pede the desired effects, while excessive processing could
lead to the loss of intended outcomes. The intention here
wasn'’t to foster mystique; rather, it’s to highlight that dif-
ferent processing methods held distinct significance.

Ganjiang (Zingiberis Rhizoma, ZR) and Jiangtan (Car-
bonized Zingiberis Rhizoma, CZR) originate from the rhi-
zomes of Zingiberaceae plants. However, their properties
and pharmacological effects are different due to varia-
tions in the degree of drying and processing [ 2. This is
very common in the production and clinical application
of medicinal herbs. However, diverse processing tech-
niques or procedures (such as heating methods, temper-
atures, and duration) can yield CZR with similar outward
appearances. So, relying merely on traditional methods
to classify carbonized products and assess their quality
through visual attributes like color and texture can lead to
inaccurate conclusions. Such approaches are challeng-
ing to guarantee the safety and consistency of carbonized
TCM products for their clinical application, which is an
urgent issue to be addressed in the TCM world.

In this paper, data pertaining to ZR and CZR were re-
trieved from databases including China National Knowl-
edge Infrastructure (CNKI), PubMed, Web of Science,
and Google Scholar. These sources were scrutinized to
elucidate the distinctions between ZR and CZR arising
from carbonization processing in terms of their
ethnopharmacology, quality control, chemical composi-
tions, biological activities, pharmacological mechanisms,
and clinical uses. This review provides a comprehensive
overview and analysis of the quality control measures for
CZR, the influences of the carbonization process on its
chemical compositions, biological activities as well as its
clinical uses. It is hoped that this manuscript will gener-
ate novel insights into future exploration of chemical con-
stituents, pharmacological mechanisms of CZR, and its
clinical application.
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2 TCM theory and clinical application
2.1 The origin and history of ZR and CZR

ZR, denoting the desiccated rhizome of Zingiber offici-
nale Roscoe (Z. officinale) (Figure 1), holds the name of
“Ganjiang (Rhizoma Zingiberis)” in China. Its origin
traces back to Shennong’s Classic of Materia Medica (Shen
Nong Ben Cao Jing, AR AF%) ), in which it was in-
troduced over 2 000 years ago as an integral component
of Chinese herbal medicine. The history of ZR carboniza-
tion processing can be retraced to Inner Canon of Huang-
di-SuWen (Huang Di NeiJing-SuWen, {F#W%-ZF) ),
while the stir-frying technique of ZR was initially docu-
mented in Synopsis Golden Chamber (Jin Kui Yao Lue,

(4 B %9 ) ). Throughout different dynasties, a multi-
tude of TCM works have documented various processing
techniques and prerequisites for ZR, which encompass
procedures such as cleansing, cutting, stir-frying (includ-
ing with or without adjuncts like millet wine, salt, and
sand), as well as the infusion of herbal juices through
gentle simmering " 2. CZR represents carbonized ZR
through stir-frying processing. It is known as “Jiangtan
(Carbonized Ganjiang)” in China and was initially docu-
mented in the Tai Ping Sacred Remedies (Tai Ping Sheng
Hui Fang, { X -+ % % 7 ) ). In Figure 1, visual depic-
tions encompass decoction pieces, powder forms, and
transmission electron microscope (TEM) structural scans
of ZR and CZR.

Fresh ginger has been used to treat various symptoms
and conditions, which include combating early pregnan-
cy-related nausea and vomiting ), countering chemothe-
rapy-induced side effects 1, addressing metabolic issues
like obesity 7, and diabetes [, as well as mitigating cold-
induced discomforts such as coughs, muscular pains, and
asthma P "I, According to TCM theories, ZR is classified
as a Yang-supplementing remedy for ailments triggered
by cold and damp climatic influences """, It has been at-
tributed with various benefits, including its potential for
anti-diabetic ['?, anti-cancer ¥, anti-inflammatory [,
anti-oxidant and immunomodulatory effects ' '?. CZR is
considered a warming medicine, with effects of invigorat-
ing the spleen and alleviating diarrhea, as well as to stim-
ulate meridian and halt bleeding ", It is often used to
treat uterine bleeding, cold deficiency syndrome, and
spleen-yang deficiency syndrome accompanied by he-
matemesis, hematochezia, or diarrhea ['¢-"],

2.2 The hemostatic theory within carbonized medicinal
herbs

Carbonized medicinal herbs represent a distinctive cate-
gory of Chinese medicine endowed with a multitude of
pharmacological attributes. Such herbs are produced by
being subjected to carbonization process under high
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Figure 1 The decoction pieces, powder forms, and TEM structural scans of ZR and CZR

A, ZR decoction pieces. B, ZR powder. C, TEM structural scan of ZR (5 mm). D, TEM structural scan of ZR (200 pm). E, CZR decoction
pieces. F, CZR powder. G, TEM structural scan of CZR (5 mm). H, TEM structural scan of CZR (200 pm).

temperature. They hold significant roles in the clinical
practice of Chinese physicians across various dynasties,
gradually giving rise to the formation of carbonized
medicinal herbs centering on the treatment of hemor-
rhagic disorder.
In the Yuan Dynasty, GE Kejiu emphasized in the
Miraculous Book of Ten Prescription (Shi Yao Shen Shu,
{+ #5474 ) ) that, “warm blood fosters circulation, cold
blood stagnation, and bleeding ceases when red encoun-
ters black”. In the Ming Dynasty, LI Shizhen proposed
that all carbonized medicinal herbs have effects on halt-
ing bleeding. For example, Compendium of Materia Med-
ica (Ben Cao Gang Mu, { A% %R H) )encompasses over
200 varieties of carbonized medicinal herbs, which are
extensively used in addressing conditions such as blood-
related disorders, sores, soup fire injuries, menstrual ail-
ments, anorectal diseases and so on. In ancient times,
Chinese physicians observed that a significant portion of
hemostatic remedies had undergone carbonization pro-
cessing, leading to the emergence of the notion “black
can triumph over red”. This concept, grounded in the
principles of the five elements TCM theory, indicates that
carbonized medicinal herbs possess the ability to arrest
bleeding !, as depicted in Figure 2.

Gold
Earth generates gold Ngenerates water
Earth rcst/ N

aints water \

Fire generates ean}& 3 e,

‘Wood generates fire

Figure 2 The law of promotion and restraint in the five
elements TCM theory

The five circles represent five elements, wood, fire,
earth, gold, and water, which align with five distinct col-
ors, cyan, red, yellow, white, and black in the figure. The
circular arrangement in the figure illustrates a sequence
of mutual promotion through the indicated arrows, pro-
gressing as follows: “fire generates earth, earth generates
gold, gold generates water, water generates wood, and
wood generates fire”. According to the directional arrows
displayed in the five-pointed star cycle in the figure, the
elements also exhibit a successive pattern of restraint: fire
restrains gold, gold restrains wood, wood restrains earth,
earth restrains water, and water in return restrains fire.
Just as water can extinguish fire, an analogous principle
that black can conquer red applies. Hence, carbonized
medicinal herbs (black) could halt bleeding (red).
Throughout history, numerous Chinese medical practi-
tioners have employed carbonized medicinal herbs to ad-
dress bleeding symptoms, with favorable outcomes yield-
ed. The traditional hemostatic theory within carbonized
medicinal herbs encapsulates the culmination of ancient
TCM physician’s extensive medicinal experiences, show-
casing distinctive TCM thoughts and bearing the hall-
mark TCM characteristics.

2.3 Clinical application

Different from chemical hemostatic drugs, known for
their clinical tolerability but associated with potential se-
vere side effects such as thrombosis, carbonized medici-
nal herbs often exhibit a synergistic interaction with nu-
merous targets. Their hemostatic impact is moderate,
rendering them extensively applicable in diverse bleed-
ing disorders ?, including metrorrhagia, uterine bleed-
ing, hemoptysis, epistaxis, blood in stool, hematuria, pur-
pura, etc., as well as gastrointestinal diseases !, such as
abdominal pain and diarrhea.

ZR and CZR are two ginger products that undergo dif-
ferent processing, with the former crafts through low-
temperature drying (not surpassing 60 °C), while the
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latter undergoes high-temperature frying until its color
turns to black (typically exceeding 200 °C). Their taste, ef-
ficacy, and clinical applications are completely different
after carbonization processing. Table 1 and Table 2 list
the classic practical prescriptions commonly used in
TCM clinics which are containing ZR and CZR.

In both ancient and contemporary TCM clinical prac-
tices, ZR exerts a robust influence in igniting the body’s
internal warmth, making it a crucial remedy for condi-
tions caused by cold and damp climatic influences "',
such as cough, asthma, bronchitis, abdominal pain, diar-
rhea, gastroenteritis, and osteoarthritis. As reported on
China Central Television Channel 4, “Chinese Medicine
Fights the Epidemic” program on March 5, 2020, all
healthcare professionals at Tongxu County People’s Hos-
pital in Henan Province, a facility that played a crucial
role in treating patients afflicted by Corona Virus Disease
2019 (COVID-19), administered Gancao Ganjiang Decoc-
tion, after which not a single case of COVID-19 infection

Table 1 Clinical applications of ZR
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was reported among the professionals **. While direct ex-
perimental evidence supporting Gancao Ganjiang Decoc-
tion’s impact on COVID-19 was short, it was worth not-
ing that this formulation was believed to have fortified the
chest and Yang, strengthened the spleen and stomach,
and enhanced immunity in people. This is also a valu-
able experience and a noteworthy TCM strategy in fight-
ing epidemics.

The effect of CZR on kindling internal warmth within
the body diminishes as a result of carbonization process-
ing, leading to a comparatively mild pharmacological im-
pact. CZR is effective in hemostasis, and is employed to
treat uterine bleeding, cold-deficiency syndrome, and
spleen-Yang deficiency syndrome accompanied by he-
matemesis, hematochezia, or diarrhea. For example, the
renowned prescription, Shenghua Decoction, normally
used in the treatment of postpartum conditions, em-
ployed CZR to exert a hemostatic influence, effectively
preventing postpartum uterine bleeding. If the ZR in this

Reference

Prescription

Composition

Prescription source

Clinical application

Gancao Ganjiang
Decoction
(H¥F£7)

Sini Decoction
(@i£%)

Lizhong Decoction

(Z+ %)

Banxia Xiexin
Decoction

(ERI5SH)

Gancao Xiexin
Decoction

(¥ 35.0%)

Ganjiang Lingzhu
Decoction

(HE£FR7)

Wenpi Decoction

(= M%9)

Zhigancao (Glycyrrhizae Radix et
Rhizoma Praeparata Cum Melle) 12 g,
Ganjiang (Zingiberis Rhizoma) 6 g

Fuzi (Aconiti Lateralis Radix Praeparata)
15 g, Ganjiang (Zingiberis Rhizoma) 6 g,
Zhigancao (Glycyrrhizae Radix et
Rhizoma Praeparata Cum Melle) 6 g

Renshen (Ginseng Radix et Rhizoma) 15 g,
Ganjiang (Zingiberis Rhizoma) 15 g,
Baizhu (Atractylodes Macrocephala
Rhizoma) 15 g,

Zhigancao (Glycyrrhizae Radix et
Rhizoma Praeparata Cum Melle) 15 g

Banxia (Pinelliae Rhizoma) 12 g,
Huangqin (Scutellaria Radix) 9 g,
Ganjiang (Zingiberis Rhizoma) 9 g,
Renshen (Ginseng Radix et Rhizoma) 9 g,
Zhigancao (Glycyrrhizae Radix et
Rhizoma Praeparata Cum Melle) 9 g,
Huanglian (Coptis Rhizoma) 3 g, Dazao
(Jujubae Fructus) 4 pieces

Zhigancao (Glycyrrhizae Radix et
Rhizoma Praeparata Cum Melle) 12g,
Huanggin (Scutellaria Radix) 9 g,
Ganjiang (Zingiberis Rhizoma) 9 g, Dazao
(Jujubae Fructus) 4 pieces, Banxia
(Pinelliae Rhizoma) 9 g, Huanglian
(Coptis Rhizoma) 3 g, Renshen (Ginseng
Radix et Rhizoma) 9 g

Gancao (Glycyrrhizae Radix et Rhizoma)
6 g, Baizhu (Atractylodes Macrocephala
Rhizoma) 6 g, Ganjiang (Zingiberis
Rhizoma) 12 g, Fuling (Poria) 12 g
Dahuang (Rhei Radix et Rhizoma) 15 g,
Danggui (Angelicae Sinensis Radix) 9 g,
Ganjiang (Zingiberis Rhizoma) 9 g, Fuzi
(Aconiti Lateralis Radix Praeparata) 6 g,
Renshen (Ginseng Radix et Rhizoma) 6 g,
Mangxiao (Natrll Sulfas) 6 g, Gancao
(Glycyrrhizae Radix et Rhizoma) 6 g

Treatise on Febrile
Diseases (Shang Han
Lun, {15%i))

Treatise on Febrile
Diseases

Treatise on Febrile
Diseases

Treatise on Febrile
Diseases

Treatise on Febrile
Diseases

Synopsis Golden
Chamber ( (£ R 2%) )

Important Prescriptions
Worth a Thousand Gold
for Emergency, (Qian Jin
Yao Fang, +&%7) )

Epigastric pain, cough,
asthma, bronchitis, allergic
rhinitis, and atrophic lung
disease

Shock, abdominal pain,
diarrhea, coronary heart
disease, and angina
pectoris

Non-infectious diarrhea,
oral ulcers, chronic colitis,
and functional dyspepsia

Acute and chronic
gastroenteritis, chronic
colitis, chronic hepatitis,
and early cirrhosis

Acute and chronic
gastrointestinal
inflammation, and Behcet's
syndrome

Hypothyroidism, lumbar
disc herniation, lumbar
muscle strain, and knee
osteoarthritis
Constipation, chronic
gastritis, and intestinal
obstruction

[24]

[24]

[24]

[26]

[27]

[28]
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Table 2 Clinical applications of CZR
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Prescription Composition Przic;;ggon Clinical application Reference
Yingi Guixue  Baishao (Paeoniae Radix Alba) 15 g, Danggui (Angelicae FU Qing’s Abdominal pain and (291
Decoction Sinensis Radix) 15 g, Baizhu (Atractylodes Macrocephala Obstetrics and vomiting blood after
(31 &.J2423%) Rhizoma) 9 g, Gancao (Glycyrrhizae Radix et Rhizoma) Gynecology (Fu ~ pregnancy

3 g, Jingjiesuitan (Carbonized Schizonepetea Spica) 9 g, Qing Zhu Nv Ke,

Mudanpi (Moutan Cortex) 9 g, Jiangtan (Carbonized (iEF 254D )

Zingiberis Rhizoma) 1.5 g, Xiangfu (Cyperi Rhizoma) 1.5 g,

Maidong (Ophiopogonis Radix) 9 g, Yujin (Curcumae Radix)

38
Guben Shudihuang (Rehmanniae Radix Praeparata) 30 g, Baizhu FU Qing’s Functional uterine o
Zhibeng (Atractylodes Macrocephala Rhizoma) 30 g, Huangqi Obstetrics and bleeding, post-
Decoction (Astragali Radix) 9 g, Renshen (Ginseng Radix et Rhizoma) Gynecology abortion bleeding,
(B A4 #)  9g Danggui (Angelicae Sinensis Radix) 15 g, threatened abortion,

Jiangtan (Carbonized Zingiberis Rhizoma) 6 g and postpartum

hemorrhage

Shenghua Yimucao (Leonuri Herba) 25 g, Chuanxiong (Chuanxiong FU Qing’s Postpartum .
Decoction Rhizome) 10 g, Fuling (Poria) 10 g, Danggui (Angelicae Obstetrics and hemorrhage,
(£?) Sinensis Radix) 15 g, Jiangtan (Carbonized Zingiberis Gynecology abdominal pain,

Rhizoma) 5 g, Huangqi (Astragali Radix) 20 g, Zhigancao hemorrhage, and

(Glycyrrhizae Radix et Rhizoma Praeparata Cum Melle) 6 g, dysmenorrhea

Lianzi (Nelumbinis Semen) 8 pieces, Taoren (Pericae

Semen) 10 pieces
Liqi Sanyu Renshen (Ginseng Radix et Rhizoma) 30 g, Huangqi FU Qing’s Vaginal bleeding w
Decoction (Astragali Radix) 30 g, Danggui (Angelicae Sinensis Radix) Obstetrics and after abortion, drug
(B2 AH#H# %)  15g, Fuling (Poria) 9 g, Honghua (Carthami Flos) 3 g, Gynecology abortion, and

Mudanpi (Moutan Cortex) 9 g, Jiangtan (Carbonized curettage

Zingiberis Rhizoma) 15 g
Buqi Jieyun Renshen (Ginseng Radix et Rhizoma) 30 g, Huangqi FU Qing’s Postpartum (291
Decoction (Astragali Radix) 30 g, Danggui (Angelicae Sinensis Radix) Obstetrics and hemorrhage,
(#hAMZ7%) 30 g, Jingjiesuitan (Carbonized Schizonepetea Spica) 9 g, Gynecology dizziness,

Jiangtan (Carbonized Zingiberis Rhizoma) 3 g palpitations, and

coma

prescription is not charred, it may cause adverse symp-
toms such as uterine fever or bleeding 1!,

3 The preparation of CZR

The quality of carbonized medicinal herbs is primarily in-
fluenced by the temperature, heating duration, and
methods. Hence, a substantial number of TCM practi-
tioners are currently engaged in researching the most fa-
vorable parameters for carbonization processing. For ex-
ample, MENG et al. ¥ utilized the central composite de-
sign-response surface methodology by identifying heat-
ing temperature, duration, and drug concentrations as
screening variables, and in combination with its absorp-
tion capacity through the assessment of tannin, 6-gin-
gerol and 6-shogaol for optimization. Ultimately, they de-
termined the ideal carbonization processing method for
CZR, which was slicing ZR into 0.55 cm segments and
then subjecting them to frying at 310 °C for 15.5 min [**],
Simultaneously, some researchers used the sand
scalding technique during carbonized medicinal herb
preparation to ensure stable heating. For example, SHEN
et al. ! conducted a comparative study on the absorp-
tion capacity, primary chemical constituents, fingerprints,
and pharmacological effects of CZR prepared with and
without the use of the sand scalding technique. The

with-sand-scalding technique involved sand frying ZR at
240 £ 5 °C for 8 min, while the without-technique encom-
passed direct frying of ZR at 270 + 10 °C for 30 min to pre-
pare CZR. The findings indicated that the sand-fried car-
bonization process out performed direct frying °,

In addition, during the heating process of TCM herbs,
intricate chemical reactions such as the Maillard and
caramelization reactions occur, leading to shifts and in-
tensification in the color of the herbs % 7. Therefore, em-
ploying color analysis emerges as a valuable tool for se-
lecting optimal carbonization processing techniques. LIN
et al. I used SPSS 24.0 software to analyze the correla-
tions between the concentrations of 6 components (gin-
gerone, 6-gingerol, 8-gingerol, 6-shogaol, diacetoxy-6-
gingerdiol, and 10-gingerol) in ZR and CZR, and their re-
spective color L* (representing lightness value), a* (indi-
cating red and green component value), b* (signifying yel-
low and blue component value). The outcomes revealed
that L* and b* exhibited a highly significant negative cor-
relation with zingerone content, while manifesting a
markedly positive correlation with the remaining five
constituents. On the other hand, a* demonstrated a dis-
tinctly positive correlation with zingerone, yet displayed no
discernible correlation with the remaining five con-

stituents P%. This discernment underscored a distinct
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connection between the alterations in compositional ele-
ments and shifts in colors. And it was noteworthy that the
empirical intuition of experienced processing practition-
ers in evaluating the quality of carbonized medicinal
herbs based on color bears certain scientific evidences.
Given that the frying pans or ovens used in laboratory
research markedly differ from the massive machinery
production in factories, the parameters optimized in the
laboratory are not perfectly suitable for industrial produc-
tion. Therefore, most of the current carbonization pro-
cessing techniques of TCM herbs are still conventional,
with the extend of carbonization heavily reliant on expe-
riential judgement. This reliance inherently introduces
notable subjectivity, thereby impeding the robust regula-
tion of process variables crucial for the carbonized medi-
cinal herb preparation. The solution to this problem
needs to rely on the development and application of high-
level intelligent carbonization processing equipment.

4 Quality control

The assessment of ZR is systematically governed by five
distinct aspects containing its characterization, morphol-
ogy identification, microstructure analysis, Thin Layer
Chromatography (TLC) identification, and the compre-
hensive evaluation of volatile oil and 6-gingerol concen-
trations. Conversely, the Pharmacopoeia of People's Re-
public of China (Chinese Pharmacopoeia, 2020 edition)
lacks a comprehensive quality standards for CZR, includ-
ing only morphology identification and the quantifica-
tion of 6-gingerol content. As a result, CZR continues to
adhere to the traditional “burning ash without ash forma-
tion” criterion for rough quality control. The quality con-
trol parameters for both ZR and CZR in the Chinese Phar-
macopoeia are outlined in Table 3. Consequently, the
quality of CZR depends on the quality of ZR as well as the
specific stir-frying methodology employed.

Raw ZR and CZR are commonly presented as agricul-
tural and sideline products in the medicinal material
trading sectors. In most cases, their quality is measured
based on qualitative characteristics such as color, taste,
and smell. Regrettably, these evaluations often entail a
substantial degree of inaccuracy. Therefore, the impera-
tive arises to establish streamlined and expeditious
methodologies capable of distinguishing between the
raw ZR and CZR obtained through varying degrees of

ZHOU Yiqun, et al. / Digital Chinese Medicine 6 (2023) 341-356

processing in the trading sectors. We used a new technol-
ogy to explore the microscopic changes in ZR and CZR
through the utilization of scanning electron microscopy
(SEM) (Figure 1). It was found that subsequent to heat-
ing, the surface of ZR exhibited a notably heightened
roughness, accompanied by a subtle reduction in the net-
work texture, a decrease in the size of tissue particles, and
an augmentation in the abundance of carbonized parti-
cles.

Similar to CZR, the quality standards of existing car-
bonized medicinal herbs primarily revolve around de-
scription of visual attributes. This reliance on experien-
tial assessments by processing personnel to ascertain the
adherence of carbonized medicinal herbs to quality con-
trol through traditional methods such as visual inspec-
tion, olfactory examination, taste evaluation, and tactile
assessment, has posed challenges in ensuring the safety
and stability of their clinical use. Although -certain
standards do encompass aspects like identification and
content quantification, the parameters are largely reflec-
tive of those found in the quality standards of the original
raw TCM herbs. What's conspicuously lacking is well-de-
fined quality standards for carbonized medicinal herbs
that are not only rooted in a comprehensible processing
mechanism, but also capture the hemostatic compo-
nents inherent in the carbonized herbs. These standards
should align with contemporary quality control of TCM
herbs with distinct characteristics and specificity.

Consequently, various researchers have assessed and
analyzed the chemical compositions of ZR and CZR. For
instance, LI et al. ® used ultra-performance liquid chro-
matography coupled with quadrupole-time-of-flight
mass spectrometry (UPLC/QTOF-MS) to distinguish
fresh, dried, stir-fried, and carbonized ginger extracts. In
the study, a total of 27 compounds were identified from
four samples. XUE et al. " performed non-targeted
metabolomics-based profiling of ZR and CZR by UPLC/
QTOF-MS combined with multivariate analysis and com-
pounds identification, with a total of 33 gingerols select-
ed among 59 gingerols as novel markers for materials au-
thentication in ZR and CZR. SAMRAT et al. ! used
hyperspectral imaging combined with chemometric
modelling to identify the real-time determination of the
ratio of 6-gingerol and 6-shogaol in ZR powder. Their
findings underscored the potential viability of this
method as a rapid and non-destructive approach for pre-
dicting the quality of ZR.

Table 3 The quality control measurements of ZR and CZR in Chinese Pharmacopoeia (2020 edition)

Ash

Determination of content

Name Color description Water detection Volatile oil  Extract Mark Content
detection content content arker onten
(Total ash) component  requirement
7ZR The surface is gray-yellow or light < 19.0% < 6.0% = 0.8% < 22.0% 6-Gingerol = 0.60%
gray-brown, and the interior is
yellow-white or gray-white
CZR  The surface is black, and interior is — — — < 26.0% 6-Gingerol = 0.05%

brown

—:itis not required in the Chinese Pharmacopoeia (2020 edition).
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To sum up, existing quality investigations of ZR and
CZR predominately focus on discerning the basic alter-
ations in visual attributes and key components before
and after carbonization processing. A notable gap per-
sists in terms of tracking and elucidating the evolving dy-
namic of visual characteristics and constituents, as well
as the intricate interplay between components and phar-
macological activities, pharmacological activities, and
clinical efficacy during the stir-frying carbonization pro-
cess. This underscores the pressing need for the develop-
ment of quality assessment methodologies for ZR and
CZR, signifying a critical avenue for future research en-
deavors.

5 Chemical constituents

The chemical constituents of ginger are vast and
divergent, contingent upon whether it exists in its raw or

Table 4 Chemical compounds in ZR and CZR
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processed form. In this review, our objective is not to
comprehensively list all documented ginger compounds,
but rather to summarize the main components with
pharmacological implications in ZR and CZR. The prima-
ry chemical constituents present in ZR and CZR predomi-
nantly encompass volatile oils, gingerols, and diphenyl-
heptane [+,

5.1 Volatile oils

The pungent smells of ZR and CZR primarily originate
from volatile oil, the concentration of which diminishes
during the transformation of ZR into CZR, thereby be-
stowing a milder medicinal nature. The core constituents
of these essential oils include sesquiterpene carbohy-
drates and sesquiterpenoids. Table 4 lists the main
volatile oil components (listed as No. 1 to No. 30). Their
structures are presented in Figure 3.

No. Compound Extraction method ZR CZR  Reference
1 o-Pinene Ether extraction + + [44]
2 Camphene Ether extraction + + (441
3 p-Pinene Ether extraction + ND [24]
4 6-Methyl-5-hepten-2-one Ether extraction + ND (4l
5 Myrcene Ether extraction + + [#4]
6 a-Phellandrene Ether extraction + + [
7  B-Phellandrene Ether extraction + + (4l
8 Cineole Ether extraction + + 44l
9 (1R45)-4,7,7-Trimethylbicyclo[4.1.0]hept-2-ene Ether extraction + + [44]

10 Linalool Ether extraction + + (441
11  (+)-Citronellal Ether extraction + ND (44]
12 Terpineol Ether extraction + ND [44]
13 Decanal Ether extraction ND + (441
14 o-Citral Ether extraction + + (441
15 Bornyl acetate Ether extraction + + (4]
16 2-Undecanone Ether extraction + + [44]
17  Citronellol acetate Ether extraction + + [44]
18 Geranyl acetate Ether extraction + + [+4]
19 p-Elemene Ether extraction + + (441
20 y-Elemene Ether extraction ND + (441
21 (-)-Cedrene Ether extraction ND + (4]
22  a-Curcumene Ether extraction + + (441
23 1-Zingiberene Ether extraction + + 44]
24  1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene Ether extraction + + [44]
25 o-Farnesene Ether extraction + + (441
26 Cyclohexene,1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-,(S)- Ether extraction + + 44l
27  B-Sesquiphellandrene Ether extraction + + (4]
28 Tricyclo[7.2.0.0(3,8)]undec-4-ene,4,8,11,11-tetramethyl- Ether extraction ND + (441
29 Cyclohexanemethanol,4-ethenyl-.a.,.0.,4-trimethyl-3-(1- Ether extraction + + (4]

methylethenyl)-,[1R-(1.a.,3.0.,4.5.)]-
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Table 4 Continued
No. Compound Extraction method ZR CZR  Reference
30 1,6,10-Dodecatrien-3-0l,3,7,11-trimethyl-, (E)- Ether extraction + + [44]
31 Vanillylacetone 60% Methanol NR [45]
60% Methanol NR (45
32 6-Paradol 95% Ethanol NR  + (]
60% Methanol + NR (9l
33 1-Dehydro-6-gingerdione Methanol NER . "
- . 95% Ethanol + NR (18]
34 1-Dehydro-8-gingerdione 95% Eethanol NR + 18]
i ; 60% Methanol + NR [45]
35 1-Dehydro-10-gingerdione 95% Ethanol NR . ol
. 60% Methanol + NR (9l
36 +Gingerol 95% Ethanol NR o+ o
. 60% Methanol + NR (49}
37 6-Gingerol 95% Ethanol NR o+ o
. 60% Methanol + NR 4]
38 8Gingerol Methanol NR  + (461
. 60% Methanol + NR (9l
39 10-Gingerol Methanol NR + [46]
. 60% Methanol + NR (49}
40 12-Gingerol Methanol NR . »
60% Methanol + NR 4]
41 6-Shogaol 95% Ethanol NR + (]
60% Methanol + NR (9l
42 8-Shogaol Methanol NR + [46]
60% Methanol + NR (4]
43 10-Shogaol Methanol NR + (4l
i i 60% Methanol + NR [45]
44 8-Ggingerdione Methanol NR . ol
. . Methanol + NR [46]
45 10-Gingerdione 95% Ethanol NR + [18]
. s 60% Methanol + NR 145]
46  (3R,55)-O-Methyl-[6]-gingerdiol diacetate 95% Ethanol NR .\ ol
. . 60% Methanol NR + (45
47 6-Gingerdiol 95% Ethanol NR + (]
60% Methanol NR + (4]
48 1-(3,4-Dimethoxyphenyl)-5-hydroxy-3-decanone 95% Ethanol NE 4 )
49 (E)-7-(3,4-DiHydroxyphenyl)-1-(4-Hydroxy-3-methoxyphenyl)-4- Methanol + + 7l
hepten-3-one
50 5-Hydroxy-1-(3,4-Dihydroxy-5-methoxyphenyl)-7-(4-hydroxy-3- Methanol + + [47]
methoxyphenyl)-3-heptanone
51 3,5-Dihydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-7-(4-hydroxy-3- Methanol + + 471
methoxyphenyl)heptane
52  3,5-Dihydroxy-1,7-bis(4-hydroxy3-methoxyphenyl)heptane Methanol + + 147]
53  3-Acetoxy-5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-(3,4- Methanol + + [47]
dihydroxyphenyl)heptanes
54 3,5-Diacetoxy-7-(4-dihydroxy-3-methoxyphenyl)-1-(3,4-dihydroxy- Ethanol + + (4]
5-methoxyphenyl)heptane
55 5-Hydroxy-l,7-Bis(4-hydroxy-3-methoxyphenyl)-3-heptanone Ethanol + il
56 5-Hydroxy-1-(4-dihydroxy-3-methoxyphenyl)-7-(3,4- Methanol + 2]

dihydroxyphenyl)-3-heptanone

+: detected in samples. ND: can’t be found in samples. NR: no researches were carried out.
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Figure 3 The chemical structures of volatile oils
5.2 Gingerols

Gingerols, the principal spicy constituents found in gin-
ger, serve as the primary functional elements within the
Zingiber species. These gingerol-related compounds are
believed to demonstrate notable anti-inflammatory and
anti-nausea effects >, It is a mixture composed of a va-
riety of substances. The molecular structure of each com-
ponent substance contains a 3-methoxy-4-hydrox-
yphenyl functional group. Based on variations in the hy-
drocarbon chain linked to the functional group, gingerol
can be classified into shogaol, para-zingerone, zingerone,
gingerdione, etc. %, There are more than a dozen of clear
gingerols, including 6-, 8-, 10-, and 12-gingerol. These
components share similarities in both properties and
structures, characterized by molecular arrangements fea-
turing Cs-Carbonyl and Cs-hydroxyl (i.e., f-hydroxyke-
tone structure), which makes gingerol chemically unsta-
ble. Contemporary understanding suggests that fresh gin-
ger contains minimal amount of gingerol and zingerone,
with their presence becoming more prominent due to the
dehydration of gingerol during the storage and process-
ing of ginger °'. The primary gingerol constituents of ZR
and CZR (No. 31 - No. 48) are enumerated in Table 4, and
their corresponding structures are presented in Figure 4.

Effects of carbonization processing on Ganjiang (Zingiberis Rhizoma) 349

Vanillylacetone .
CH,

O-Pagadol CH,CH,CH,CH,CH,CH,CH;

I-Dehydro-6-gingerdione. CH,CH,CH,CH,CHy
o 1-Dehydro-§-gingerdione. CH,CH,CH,CHyCH,CHyCH;

1 Dchydlo 10-¢ mgrdlom. CH,CH,CH,CH,CH,CH,CH,CH,CH,

4-Gingerol OO
. CH,CH,CHj

bbmgclol CH,CH,CH,CH,CH,
8- o;anl CH,CH,CH,CH,CH,CH,CH;
10-+ Umgnm\ CH,CH,CH,CH,CH,CH,CH,CH,CH;

12 (_nm_.,clo] CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH;

6-Shogaol
W CH,CH,CH,CH,CH;

8-Shogal CH,CH,CH,CH,CH,CH,CH,

10-Shogaol

CH,CH,yCH,yCH,yCH,yCHyCH,yCH,CHy

8- Gm::‘vdvonc CH,CH,CH,CH,CH,CH,CHj

10-Gingerdione (. CH,CH,CH,CH,CH,CH,CH,CH;

e
HO
6-Gingerdiol
0. 47
j( | o on

O

?

Methyldiacetoxy-6-gingerdiol Methyl-6-gingerol
46

48

Figure 4 The chemical structures of gingerols
5.3 Diphenylheptanes

Diphenylheptanes constitute a group of compounds
characterized by a core 1,7-diphenylheptane structures,
which can be categorized as linear and cyclic based on
their structural arrangements . Over the past few years,
numerous researchers have conducted investigations in-
to the diphenylheptanes in Zingiberaceae, revealing sig-
nificant pharmacological potentials encompassing anti-
inflammatory, anti-oxidant, antibacterial, antiviral, and

antitumor effects %%

. Its representative compound, cur-
cumin, showcased remarkable biological efficacy and
held promising avenues for development. However, its
clinical application was hindered by suboptimal pharma-
cokinetic attributes !, Table 4 lists the main diphenyl-
heptane constituents in ZR and CZR (No. 49 - No. 56),
while their corresponding structures are illustrated in
Figure 5.

Obviously, the carbonization process undeniably in-
fluences the chemical compositions of ZR. Varying de-
grees of heating and preparation lead to significant shifts
in the quantity and quality of the volatile oil’s chemical
composition. For instance, ZR contained as much as
40.48% a-citral, while the content of f-sesquiterpene
experienced marginal reduction. Comparatively, CZR ex-
hibited elevated levels of gingerene and f-sesquiterpene,
and intriguingly gave rise to novel constituents such as
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Figure 5 The chemical structures of diphenylheptanes
a-caryophyllene, decalin, and y-elemene ", Numerous
experimental investigations have consistently demon-
strated that the stir-frying carbonization process would
diminish the volatile oil concentration and increase the
content of gingerol and polysaccharides. The intricate in-
terplay between the shifts in these component concentra-
tions and the corresponding alterations in pharmacologi-
cal effects warrants further comprehensive explorations.
Consequently, CZR and ZR manifest distinct pharmaco-
logical profiles, underscoring the need to judiciously se-
lect appropriate carbonized herbal medication and pro-
cessing degrees in accordance with specific ailments.

6 Pharmacological effects

Adhering to the principle of “burning to ash without be-
coming ash” helps preserve certain inherent properties
and TCM attributes even after carbonization processing.
Aligned with the nature and therapeutic potential of ZR,
the pharmacological effects of CZR predominantly mani-
fests in hemostatic and antioxidative effects.

6.1 Hemostatic effects

Hemostasis involves a complex series of coagulation and
fibrinolysis processes °* °7, It facilitates blood clotting,

Q,
‘ DY /O O
OH HO

[¢] OH

OH

l OH

5-Hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-(3.4-dihydroxyphenyl)-3-heptanone
56

reduces vascular permeability, induces vasoconstriction,
suppresses fibrinolysis processes, and stimulates platelet
aggregation. As a result, the current focus of the pharma-
cological mechanism of carbonized TCM herbs for the
treatment of hemostasis is predominantly through as-
sessing platelet count, hemorheology changes and the
evaluation of four clotting items °* **:; prothrombin time
(PT), activated partial thromboplastin time (APTT),
thrombin time (TT), and fibrinogen (FIB). These investi-
gations aim to elucidate the influences of CZR on the co-
agulation system, fibrinolysis system, platelet function,
hemorheology and so on.

The emulsion of ZR’s volatile oil was observed to ex-
tend the blood coagulation duration in mice. It was re-
ported that CZR notably reduced clotting time in mice,
suggesting the presence of volatile oil and water-soluble
procoagulant elements in ZR’s impact on the coagulation
system. Moreover, higher temperature was found to pro-
mote the effects of the latter constituents ). CZR might
hinder the activation of plasminogen and elevate the FIB
levels to exert its hemostatic and coagulation effects ).
SU et al. "' showed that CZR might affect the coagulation
system of rats and regulate the thromboxane B, and 6-ke-
ta-prostaglandin F,, levels to achieve hemostasis and
coagulation. SU et al. ' employed metabolomics to
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investigate changes in serum metabolites among rats
with deficiency-cold and hemorrhagic syndrome. This
study aimed to elucidate CZR’s hemostatic potential, with
the findings revealing that CZR was capable of restoring
biomarkers in deficiency-cold hemorrhagic syndrome
rats to physiologically normal level, and glycine, trypto-
phan, and lactic acid emerged as biomarkers reflecting
CZR’s warm meridian hemostatic effects '), Drawing up-
on neural network analysis of in vivo constituents and
pharmacodynamics, ZHOU et al. *”) identified 6-gingerol,
zingerone, and diacetyl-6-gingerol as the primary active
compounds within CZR for hemostasis, collectively ac-
counting for a substantial 73% contribution. Gingerols
such as 6-gingerol and 10-gingerol had thermoregulatory
effects through the activation of transient receptor poten-
tial channels, specifically transient receptor potential
vanilloid 1 and transient receptor potential channel pro-
tein Al. This activation led to heightened intracellular
Ca* concentration, subsequently elevating body temper-
ature [** %, Thus, the anti-bleeding effect of CZR is closely
related to the intrinsic anticoagulant activity and the acti-
vation of the FIB system.

6.2 Anti-oxidant effects

MASUDA et al. ) revealed that the side chain groups
within curcumin and diphenylheptane compounds
demonstrated anti-oxidant effects. This was achieved
through the inhibition of free radical activity, as con-
firmed by free radical scavenging assays and in vitro anti-
oxidant tests. Through a comparative analysis of the anti-
oxidant activities of ginger and its various processed
products, LI et al. ! discovered that CZR exhibited the
most potent anti-oxidant effect due to the substantial
generation of 6-gingerenol and gingerone during pro-
cessing, enabling the regulation of free radical activity.
Over the last two decades, a multitude of studies have
delved into the anti-oxidant prowess of curcumin and the
intricate mechanisms underlying its free radical scaveng-
ing capabilities. These investigations have unveiled that
both free and encapsulated curcumin possess the capaci-
ty to indirectly enhance anti-oxidant enzymes like super-
oxide dismutase, catalase, and glutathione. Despite these
advancements, a debate persists regarding the specific el-
ement that truly governs curcumin’s anti-oxidant activity,
that is whether it’s the central methylene hydrogen, alde-
hyde hydrogen or phenolic hydrogen within the heptadi-
ene, as indicated by conflicting findings " ¢,

6.3 Other effects

Analysis of neurotransmitter levels in mice demonstrated
that the CZR nanocomponent effectively elevated
enkephalin, endorphin, and 5-hydroxytryptamine con-
centrations in the brain tissue of mice. This substantiated
the CZR nanocomponent’s capacity for a central
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analgesic effect ). Within human monocytic leukemia
cells (THP-1), 10-gingerol, 6-shogaol, and 8-shogaol in-
hibited the ability to impede the direct binding of serum
levels of intercellular adhesion molecule-1 (SICAM-1) to
lymphocyte function-associated antigen-1 (LFA-1), a
lymphocyte function-related antigen [\ By interacting
with deoxyribonucleic acid (DNA), 6-gingerol showed the
potential to initiate cell death through autophagy as well
as apoptosis mediated by caspase-3 .. The 6-gingerol
showed robust antibacterial effect against Helicobacter
pylori, with the conformational correlation underscoring
the essential role of the ginerols’ shorter alkyl side chains
in effectively inhibiting these microorganisms ["". The in-
corporation of double bonds and linear chains within 6-
shogaol might amplify the neuroprotective potential in-
herent in this compound category [2. Emerging from the
heating of gingerols, shogaols exhibited heightened effi-
cacy in curbing the generation of inflammatory media-
tors and reactive oxygen species (ROS), coupled with su-
perior thermal stability relative to gingerols. A non-irritat-
ing derivative of 6-paradol, namely 6-shogaol, circum-
vented adverse effects like gastric irritation (™,

7 Discussion
7.1 Chemical composition and quality control of CZR

CZR encompasses a wide range of compounds including
gingerols (6-gingerol, 8-gingerol, 10-gingerol, and di-
acetyl-6-gingerol), 6-gingerenol, 6-gingerenone, and gin-
gerone. In a study by ZHOU et al. *”, employed a neural
network to analyze in vivo composition and pharmacody-
namics, it was revealed that 6-gingerenol, gingerone, and
diacetyl-6-gingerol stood out as the primary pharmaco-
logical contributors to CZR’s capability for promoting
menstrual warmth and halting bleeding. These key com-
ponents collectively accounted for a substantial 73% of
the effect I, CHEN et al. ¥! employed ultra high perfor-
mance liquid chromatography-orbitrap high-resolution
accurate mass spectrometry (UHPLC-Orbitrap HRMS)
in conjunction with metabolomics multivariate analysis
to analyze changes in non-volatile components within ZR
after being processed. The results showed notable dis-
crepancies in the relative contents of 11 compounds, in-
cluding 6-shogaol, 8-shogaol, and methylacetoxy-6-gin-
gerdiol, after concoction. Notably, the relative propor-
tions of gingerenols within ZR exhibited substantial en-
hancement in response to the carbonized processing .
But the transformation of ZR into CZR led to the reduc-
tion in the concentrations of 17 compounds including
4-gingerenol, 6-gingerenol, 6-gingerol, 8-gingerol, and
1,7-bis(3,4-di-hydroxyphenyl)-3-heptanone, with the ex-
ception of gingerone, which showed a substantial in-
crease ['!l, Therefore, it is advisable for the Chinese Phar-
macopoeia to institute distinct quality standards and
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content specifications for CZR as opposed to ZR. This ap-
proach would facilitate precise differentiation between
prepared decoction pieces and ensure effectively quality
management.

7.2 Discussion on clinical applications of ZR and CZR

Despite both ZR and CZR originating from the same
source, their clinical applications exhibit distinct varia-
tions. ZR is characterized by its pungent and warm prop-
erties, rendering it crucial for detoxification, antiemetic,
and tonic purposes. Apart from its association with
spleen and lung meridians, ZR also corresponds to the
heart and kidney meridians, making it particularly suit-
able for addressing conditions exacerbated by cold or
damp climatic influences. For example, Gancao Gan-
jiang Decoction finds application in treating severe cough
and pulmonary infections in COVID-19 patients. Howev-
er, caution must be exercised due to ZR’s potent warm-
ing properties, potentially leading to heightened effects
that could impact the body's Qi and blood. Therefore, its
administration often requires combination with adjunc-
tive remedies like licorice to mitigate potential side ef-
fects * ™, However, CZR undergoes high-temperature
processing, which diminishes its pungent and warm at-
tributes, resulting in a gentler efficacy that preserves the
body’s natural immunity. Furthermore, this processing
augments its astringent properties, notably enhancing its
effects in hemostasis and alleviating diarrhea. Therefore,
CZR holds clinical utility when administered in tandem
with other medications to address diverse condition
stemming from bleeding or blood deficiency co-occur-
ring with a cold constitution ™\ For example, Shenghua
Decoction is used for postpartum lochia and cold abdom-
inal pain; Ligi Sanyu Decoction is used for bleeding and
dizziness after abortion; Yanghe Decoction is employed
for countering cold-related issues attributed to blood de-
ficiency; and Buqi Jieyun Decoction is applied to the
treatment of postpartum hemorrhage and dizziness.

7.3 Pharmacological mechanisms for the treatment on
hemostasis with CZR

From the perspective of TCM theory, bleeding signifies a
pathological state wherein blood escapes the confines of
blood vessels. Factors that can cause bleeding including
external Yang heat forcing blood to flow recklessly, exces-
sive Yang Qi in the organs leading to Qi and blood rush-
ing back, lack of blood absorption by Qi or internal ob-
struction of blood stasis leading to blood not following
the meridians, and various traumatic damage to the
meridians and collaterals. This complex interplay, includ-
ing traumatic injuries or disruptions to blood vessels and
meridians, collectively contributes to incidence of bleed-
ing. Modern medicine believes that the human blood
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system comprises two interdependent yet opposing dy-
namic equilibrium system: coagulation and anticoagula-
tion, along with fibrinolysis and antifibrinolysis . Dis-
ruption of this delicate equilibrium can result in the
emergence of either bleeding or thrombotic disorders.
Deviations from these mechanism, whether due to inher-
ent or acquired issues concerning vessels walls, platelets,
coagulation, and fibrinolysis, collectively underlie the de-
velopment of bleeding disorders. The hemostatic efficacy
of TCM involves a series of complex coagulation and fib-
rinolytic processes, mainly including the enhancement of
blood coagulation, the mitigation of vascular permeabili-
ty, facilitation of vasoconstruction, suppression of fibri-
nolytic activities, and stimulation platelet aggregation [°!,

Therefore, the current research on the pharmacologi-
cal mechanisms underlying the hemostatic properties of
carbonized TCM herbs predominantly delve into its im-
pact on the coagulation system, fibrinolytic system,
platelet function, and blood rheology. These investiga-
tions involve assessments of platelet count, changes in
blood rheology and measurement of key coagulation pa-
rameters including PT, APTT, TT, and FIB. The process of
CZR’s warming and hemostatic mechanisms is shown in
Figure 6.

CZR, administeres via gavage to rats with deficiency-
cold and hemorrhagic syndrome, demonstrates a capaci-
ty to significantly shorten the coagulation time, including
TT, PT, and APTT, in rats displaying evidence of clod-in-
duced bleeding. Additionally, it exhibits the ability to ele-
vate plasma viscosity, extend euglobulin lysis time, and
augment FIB content. In vitro cellular assays, gingerone,
diacetyl-6-gingerol, and 6-gingerol exhibit the potential
to enhance the expression of procoagulant factors such as
TF, FXII, FXa, FIla, VWF, and ITGB3, which are secreted
by human vascular endothelial cells. Simultaneously,
they demonstrate inhibitory effects on the expression of
tissue plasminogen activator/plasminogen activator in-
hibitor-1 (t-PA/PAI-1), leading to a reduction in fibri-
nolytic system activity and consequent suppression of
fibrinolysis, thus contributing to pro-coagulant out-
comes.
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Figure 6 The process of CZR’s warming and hemostatic
mechanisms
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8 Conclusion

In this review, we have systematically compiled a over-
view encompassing the realms of quality control, chemi-
cal composition, ethnopharmacology, and pharmacolog-
ical behaviors of CZR. Our focus rested upon discerning
the principal chemical distinctions existing between ZR
and CZR, with particular emphasis placed on volatile oils,
gingerols, and diphenylheptane compounds. However,
the bioactivities attributed to gingerols and shogaols, two
primary constituents found in ZR and CZR, respectively,
demonstrate distinct and diverse characteristics. The
comparative analysis of their biological activities remains
largelyuncharted. Furthermore, constituentslikediphenyl-
heptanes have yet to receive adequate research. Given
the potential influence of various factors on chemical
composition, it becomes imperative to elucidate the
evolving patterns in order to provide enhanced direction
for clinical applications. Subsequent studies could delve
deeper into unraveling the underlying material founda-
tion of CZR’s hemostatic effects. This could be achieved
through an exhaustive multi-omics exploration, includ-
ing aspects such as pharmacodynamics, pharmacokinet-
ics, pharmacokinetic-pharmacodynamic correlation, me-
tabolomics, proteomics, and correlation analysis of net-
work pharmacology and its mechanism of action. We an-
ticipate that the insights gleaned from this discourse will
not only foster a better understanding of other car-
bonized medicinal herbs, but also facilitate their secure
and effective clinical application.
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