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Tetramethylpyrazine Improves Postoperative
Tissue Adhesion: A Drug Repurposing*

YAN Shuai', YUE Yin-zi', ZONG Yang', and ZENG L{*

ABSTRACT Plants are known to possess plenty of pharmacological activities as a result of various
phytoconstituents. Tetramethylpyrazine (TMP), one of the most widely used medicinal compound isolated from
traditional Chinese herb, is usually employed for anti-oxidation, anti-inflammation, anti-platelet aggregation, anti-
lipid, anti-fibrosis, as well as activating blood, removing stasis, dilating small arteries, improving microcirculation
and antagonizing calcium. In the present paper, the anti-adhesion effect of TMP were reviewed. TMP was found
to play a multi-target and muti-link role in anti-adhesion by inhibiting hyperplasia of collagen and overexpression
of adhesion-related factors and reducing the concentration of white blood cells and fibrin in plasma. Because
previous studies mostly focused on in vitro experiments and animal experiments, there is an urgent need for
clinical research with abundant indicators to further prove its anti-adhesion potency. Future basic research
should concentrate on the development of TMP as a biological material.

KEYWORDS tetramethylpyrazine, tissue adhesion, pharmacological activity, review

Chinese medicine, which was practiced for
centuries to treat various diseases, has aroused global
concern in recent years, and Chinese herbal extracts
used as therapeutic and cytoprotective agents are
drawing increasing attention. Many attempts have
been made to collect data by researches on extract
of Chinese hebal formula, single herb and single
compounds of Chinese herbs, according to orthodox
pharmacological activities.

Although the development of modern medicine
advances the application of trauma surgery
and minimally invasive surgery in most clinical
departments, trauma and surgery, both of which
may damage tissue, indeed increase the incidence
of tissue adhesion, thus imposing economic and
spiritual burdens on the patients. Chinese herbs are
also screened based on neuroprotective functions to
develop alternative therapies for tissue adhesion.

Rhizoma chuanxiong is a traditional Chinese
herb firstly recorded in Shen Nong's Classic of the
Materia Medica (Shen Nong Ben Cao Jing). Being
a perennial herbal plant of the Umbelliferae, it is
acrid and slightly bitter in flavor, mild in nature, and
mainly manifests its therapeutic actions in tonifying qi
and activating blood, relieving depression and pain.
Tetramethylpyrazine (TMP), an alkaloid extracted from
Rhizoma chuanxiong , is one of its active composition.

@ Springer

Its monomer originally withdrawn in 1970 can be
synthesized now. Thanks to multiple pharmacological
effects, such as activating blood and removing stasis,
dilating small arteries, improving microcirculation as
well as anti-lipid oxidation, anti-platelet aggregation,
antagonizing calcium and anti-fibrosis," TMP is widely
used for the treatment on cerebral vascular diseases,”
pulmonary hypertension,® chronic renal failure, liver
cirrhosis® and radioactive pulmonary fibrosis.® In
addition, a wide range of dosages and few side effects
are attributive to its clinical application.”” Growing
clinical indications of TMP lighten researchers at
home and abroad to investigate its repair to adhesion
after trauma.® As shown in Table 1, TMP is reported
to prevent postoperative adhesion, as it is involved
in the anti-inflammatory response, inhibits fibroblast
mitosis and proliferation as well as reduces the
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fibroblast DNA and collagen synthesis.*® But further
studies are required to distinguish variations in the
possible mechanisms. Accordingly, the present paper
summarized the physical and chemical properties,
chemical compositions, as well as its anti-adhesion
ability of TMP to extend its clinical application.

Literature Search Strategy

Articles published before October 2017 in
databases including PubMed, EMBase, MEDLINE,
Cochrane Library, CINAHL, Chinese National
Knowledge Infrastructure (CNKI), Chinese Biomedical
Medicine (CBM), VIP Journal Integration Platform
and Wanfang Data were retrieved by using terms
"tetramethylpyrazine" AND "adhesion"; or "ligustrazine"
AND "adhesion". The results were merged by reference
management software in which the duplicate records
were removed. Inclusion and exclusion criteria are
listed as follows: (1) Participants: patients or animals
with adhesion were included; (2) Intervention: both
oral and injection dosage were included; acupuncture,
massage and other Chinese medical therapies were
excluded; (3) Literature: randomized controlled trials
(RCTs), observational studies, case reports and basic
researches were included; systematic review, abstracts,
editorials, letters and expert opinions were excluded.
(4) Language: all the articles included were written in
English or Chinese. Three authors reviewed the title
of each article individually, as well as the full text if
necessary. All articles were selected and conferred to
make a final decision according to predefined inclusion

Table 1.
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and exclusion criteria.

Physical and Chemical Properties

TMP is colorless needle crystal with a special
smell and hygroscopicity. Its melting point is 80-82 °C,
boiling point is 190 °C. It is highly soluble in hot water
and petroleum ether, soluble in chloroform and dilute
hydrochloric acid, slightly soluble in ether, and insoluble
in cold water."” TMP can be extracted from Rhizoma
chuanxiong or by artificial synthesis. Its molecular
formula is CgH,,N,, weighing 136.20. The mother
nucleus of TMP is the pharmacophore, and the 4
linking substituents mainly affect its absorption,
distribution, metabolism and excretion. Therefore,
pyrazine ring remaining unchanged, the biological
activity can be improved by modifying the structure
of side chains and drugs with high efficiency and low
toxicity are thus gained. Currently, TMP sold on the
market is mainly in the form of saline solution, such as
TMP hydrochloride and ligustrazine phosphate. The
former possesses lower melting point.

Clinical Study
Postoperative Tendon Adhesion

Hand injuries often lead to tendon rupture which
then forms varying degrees of adhesion that causes
hand dysfunction. This is a chronic problem with high
incidence, and male is the majority.""” Normal anatomy
shows tissues around tendons. But the hyperplasia
of tendon and the tissue in the peritendon area in
postoperative repair will produce postoperative tendon

Pharmacology, Molecular Targets and Clinical Application of TMP

Pharmacology

Molecular targets

Clinical application

Protecting vascular endothelial cells and
anti-oxidant

Improving bloodrheology, inhibiting platelet
aggregation and reducing fibrosis

Protecting neuronal cells from oxidative stress-
induced retinal damage

Exhibited potent immunomodulatory and anti-
inflammatory

Anti-inflammatory

Decreased the levels of IL- B 1, IL-6, TNF- «
and TGF- 31, attenuated TGF- 31-induced
upregulation of FN and CTGF

Suppresses vasoconstriction produced by ET-1 and induces a
significant decrease in plasma ET-1 levels, prevents intracellular
ROS generation and scavenge ROS and inhibits NF- k B
activation through ERK1/2 and p38 signaling pathways

Inhibited PDGF- 3 R pathway and NLRP3 inflammasome
expression, decreased abundance of TIMP-1 and TIMP-2 and
promoted the expression of MMP-2 and MMP-9

Inhibition of INOS expression and leukostasis and suppression
of ROS formation, mitochondrial dysfunction and blockade of
MAPKSs phosphorylation

Suppressed lymphocyte and eosinophil mobilization, and
reduced cytokine IL-5 and IL-13 production

Inhibition of NF- k B and ICAM-1 expression

Inhibiting inflammation and regulating the TGF/Smad signaling
pathway

Cardiovascular
diseases

Liver fibrosis

Diabetic
retinopathy

Allergic asthma
Acute lung injury

Abdominal
adhesions

Notes: ET-1: endothelin; ROS: reactive oxygen species; PDGF- 8 R: platelet-derived growth factor- 3 receptor; NF-« B: nuclear factor-
kappa B; ERK1/2: extracellular regulated protein kinases 1/2 ; NLRP3: LRR and pyrin-domain-containing protein 3; TIMP-1: tissue inhibitor of
metalloproteinase 1; TIMP-2: tissue inhibitor of metalloproteinase 2; MMP-2: matrix metalloproteinase 2; MMP-9: matrix metalloproteinase 9;
MAPKSs: mitogen-activated protein kinases; ICAM-1: intercellular cell adhesion molecule-1; CTGF: connective tissue growth factor
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adhesion (PTA), which prevents the recovery of the
function of gliding joints."® Studies found that TMP
Injection had been used for the patients whose fingers
were cut by sharp instrument."®'” Shen, et al"¥ selected
47 patients from the hospitalized patients who cut the
fingers by sharp instruments. The result revealed
that TMP significantly increased the total activity
measurement percentage of the affected /tendon side,
the flexion and extension degree of the joint, and the
total range of active movement and improved the
functional activity of finger flexion within 5 to 6 months.

Local administration of sodium hyaluronate (HA)
and chondroitin sulfate (CS) combinations are often
found in PTA treatment.""” However, certain fluidity
restricted the period that herbal extract and polymer
gel remain around the injured tendon, and the texture
and applied area of membrane barrier occasionally
impede it completely fitting the suture. TMP Injection
and Danhong Injection (F4ri4%&) can be used with
absorbable bio-membranes, and their combination
is superior to single membrane in active degree of
tendon and dexterity of hand. Accordingly, TMP
Injection further improved the therapeutic effect by
activating blood and resolving stasis accompanied
with absorbable bio-membrane. Although a lack of
research is undeniable, the retention time of once
injection into the membrane is unknown, the safety of
their combination still needs more cases to observe.

Postoperative Epidural Adhesion

After spinal surgery like lumbar disc herniation,
the scar tissue formed by fibrous ring of intervertebral
disc causes adhesion of spinal dura mater to nerve root,
resulting in failed back surgery syndrome (FBSS) and
surgical failure."® Wang, et al’” reported HA and TMP
mixture can effectively prevent epidural adhesion after
lumbar intervertebral disc herniation. After 12—36 months
of follow-up, intermediate follow-up data was available for
352 patients. The scoring system for low back pain from
Japanese Orthopedics Association (JOA) was applied
in the evaluation of curative effect for quantitative
marking and calculation of the improvement rate.
Research showed that the miscible liquid of TMP and
HA instantly fosters steady and enduring outcomes
when it is used to prevent the formation of the
adhesive scars on the epidural after the operation of
lumbar disc protrusion. It is possibly linked with the
3-dimensional protective screen that is shaped by HA
around the nerve roots after the surgery. Lubrication
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can guard the nerve roots with surrounding tissues.
However, as the HA is continuously degraded and
absorbed by body itself, the effect of the protective
screen fades away; while at the same time, the TMP
has gradually restrained the synthetize of fibrocyte
DNA, reduced the collagen type I and II of the
fibrocyte in the scars, controlled the growth factor (GF)
in the formation of scars, which result in the distinct
effects.

Postoperative Abdominal Adhesion

Abdominal adhesion refers to the pathologic
adhesion zone between the surface of abdominal
organs formed during repair of peritoneal trauma,
which can be either a fine connective tissue membrane
or a thick fibrous tissue bridge. A typical adhesion is
formed on the damaged peritoneal surface; however,
since normal mesothelial cells hardly cover, the
damaged peritoneal surface may adhere to any
tissue or organs it connects to, such as peritoneum,
stomach, small intestine, large intestine and ovary.
Postoperative abdominal adhesion (PAA) results in
long-term chronic abdominal pain,"® constipation,”®
intestinal obstruction® and even female infertility,®"”
thus placing a heavy financial burden on the
patient and social health resources. Wang, et al®
assigned 72 patients with simple adhesive intestinal
obstruction to routine treatment group and TMP
group. The former group were fasted and performed
with gastrointestinal decompression. Fluid refusion
was applied to keep acid-base and water-electrolyte
balance, and antibiotics and anti-acids were used
properly. The patients in TMP group were given
TMP Injection (120 mg/d) within 5% glucose solution
(500 mL) for 4 days. The result indicated that TMP
showed a remarkable anti-adhesion effect with
PAA patients. Zhang, et al®® randomly assigned 70
hospitalized patients who had undertaken abdominal
operations for adhesive intestinal obstruction to
anti-adhesion and control groups. The patients in
the anti-adhesion group was perfused at the end of
the operation with 40 mg TMP diluted with 250 mL
saline and a built-in rubber drainage tube was set in
the abdominal cavity which was temporarily closed
and then opened 12-24 h after the operation. The
patients in the control group was treated in the same
way except the perfusion in the abdominal cavity.
The results showed that after the intraperitoneal
injection of TMP, the bowel sounds recovery time and
first exhaust and defecation time in the anti-adhesion
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group were significantly earlier than those patients in
the control group. Long-term follow-up also indicated
that the anti-adhesion group excelled the control
group in the adhesive rate and overall curative effect,
which proved that TMP promoted the recovery of
gastrointestinal function after operation. Intravenous
injection or TMP perfusion in the abdominal cavity are
both effective in treating simple PAA. The mechanism
may be related to the active pharmacology of TMP. It
achieves anti-adhesion effect by improving the local
blood transport, reducing inflammatory mediators
around the adhesion of intestinal canal, cellulosic
exudation to promote gastrointestinal peristalsis.

Experimental Study
PTA

Wei, et al® reported their observation of 24
cocks with injured toe deep flexor tendon treated with
TMP gelatin membrane. The results demonstrated
that TMP gelatin membrane could prevent tendon
adhesion formation by sustained-release technology
to maintain drug concentration on the injury. In
addition, TMP Injection's action on the basic fibroblast
growth factor (bFGF) in rat's tendon and peritendon
area at different time points was observed. It was found
that TMP Injection could inhibit the production of bFGF
in the tissue around the tendon in gene transcription
levels during recovery. Meanwhile, no side effects
were observed on the tension of muscle tendon in the
later stage, which ensured high security.®® The team
also reported that mMRNA expression of type [ and I
collagen in epitendon and peritendon tissues decreased
in the 1st and the 2nd week after postoperative injection
of TMP. Because type I and Il collagen in endotendon
cells altered later than those in the epitendon and
peritendon area, the injection failed to reduce
collagen level in tendon parenchyma.® The above
studies suggest that inhibition of collagen hyperplasia
could effectively minimize PTA. Apart from anti-
inflammation, double or multiple ways contribute to
this process as well.

PEA

Wei, et al®” established a postoperative epidural
adhesion(PEA) model on New Zealand rabbits by
removing lamina of L5 vertebra to observe the effect
of TMP polyvinyl alcohol membrane on epidural
adhesion. Results showed that TMP polyvinyl alcohol
membrane applied significantly reduced both the area
and density of the scar as well as the area of epidural
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space of the rabbits. It indicated that TMP polyvinyl
alcohol membrane could prevent platelet aggregation
and improve microcirculation, probably because
polymer protected metallic colloid to prevent and treat
dural adhesion after laminectomy. The conclusion
is consistent with the findings of Chen, et al®® who
implanted TMP with autologous periosteum in place
of the missing vertebral lamina of rats to prevent PEA.
In summary, the inhibition of platelet aggregation is
another principal mechanism of the treatment of PEA.

PAA

Peritoneal damage stimulates inflammatory cells
to release cytokines such as tumor necrosis factor-
alpha (TNF-«), interleukin (IL)-1 and IL-6, which are
considered extremely crucial for fibrogenesis.®*"
These cytokines induce the release of plasminogen
activator inhibitor (PAI)-1 and PAI-2 from mesothelial
cells, which weaken the activity of plasminogen
activators (PAs).***® Transforming growth factor- g 1
(TGF-B 1) is also regarded as the primary fibrogenic
and collagenic component in the inflammatory
macrophages that infiltrate damaged tissue.®”
Zhang, et al® evaluated the effects of ligustrazine
on the prevention of postoperative intra-abdominal
adhesions in rats. They observed ligustrazine lowered
the levels of IL-1B, IL-6 and TNF-« in serum,
reduced the expression of TGF-3 1 and connective
tissue growth factor (CTGF) in the peritoneal fluid
in a dose-dependent manner. The cell experiment
concluded that ligustrazine dramatically attenuated
TGF- B 1 which induced upregulation of fibronectin (FN)
and CTGF in peritoneal mesothelial cells (RPMCs)
of rats. Meanwhile, ligustrazine significantly inhibited
the expression of pSmad 2/3 and increased the level
of Smad7 in rat RPMCs. Therefore, ligustrazine is
probably applied to abdominal adhesion.®® A study
from Yan, et al®® demonstrated that compared with the
group treated by ligustrazine alone, TMP-nano-spray
could effectively stabilize the balance of t-PA/PAI and
reduce IL-13 level. In addition, cell experiment found
TMP-nano-spray could inhibit TNF- «, stimulate over-
expression of FN, TGF-B 1 and CTGF in RPMCs and
block TGF-B/Smad pathway to prevent abdominal
adhesion.®” The spray sets up a stable, efficient and
convenient drug delivery system. It thus fills in a gap in
traditional dosage form and provides a new perspective
option for abdominal adhesion medication. Xu, et al®®
produced TMP thermosensitive sustained-release gel
by themselves. They sprayed it on the model through
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peritoneal cavity to evaluate its anti-abdominal adhesion
ability by Nair score and immunohistochemistry.
TMP thermosensitive sustained-release gel was
proved to improve local microcirculation of adhesive
intestines and activate collagenase in adhesive tissue.
It also inhibited proliferation of type 1 collagen,
reduced collagen deposition, meanwhile promoted
degradation and reabsorption of collagens. In order
to observe TMP's effect on PAA rats, Zheng, et al®”
detected the expression of type 1, Il collagen,
TNF-a and TGF-B 1 in abdominal adhesion tissue
after intraperitoneal injection of TMP. The results
showed that TMP injection decreased the expression
of type I, Il collagen, TNF-a and TGF- 1
which might lead to prevent over-proliferation of
peritoneal mesothelial cells and interfere with
the formation of adhesion. Moreover, Shi, et al“”
prepared TMP hydrochloride microemulsion, for its
satisfactory biodegradability and biocompatibility
within the tissue, and observe its anti-abdominal
adhesion potency. They found that low-dosage TMP
hydrochloride microemulsion exhibited a best anti-
adhesion effect, even superior to TMP injection, as it
lowered collagen degree and contributed to maintain
effective drug concentration. Although the above
studies have not completely explained the mechanism
of TMP's prevention and treatment of abdominal
adhesion, it can be speculated that TMP regulated
and controlled various growth factors and cytokines in
different stages of abdominal adhesion and modified
plasminogen activators so as to interfere with the
occurrence of PAA.

PPA

Rapid development of cardiovascular surgery
increases the number of patients receiving secondary
cardiac surgery. However, many potentially problematic
outcomes lurk in the operating procedure of a
resternotomy in open-heart surgery, and many of them
are due to potential adhesions in the pericardial cavity
and retrosternal space.“” Besides poor heart function,
the most important complication after heart surgery is
the adhesion of large blood vessels and pericardium
adjacent tissue, which prolongs the duration of the
surgery and increases the risk of cardiac and mediastinal
injuries caused by thoracotomy.“? Colak, et al“?
established a model of pericardial adhesion in domestic
rabbits following Cliff method. Histological examination
did not find pericardium and its outer membrane
thickened, neither fibrous tissue proliferate in the TMP
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Injection group after modeling. However, specific
mechanism was not discussed. Han, et al““ established
a rabbit PPA model to evaluate the protective effect
of TMP Injection combined with HA on pericardium
after cardiac surgery. The results suggested that HA
and TMP could decrease the concentration of white
blood cells (WBC) and fibrin in plasma to achieve anti-
adhesive effect.

Thanks to more and more types of antibiotics,
laparoscopic surgery and anti-adhesion methods,
the incidence of postoperative adhesion has been
reduced in recent years, although not completely
controlled yet. Wherever the adhesion develops,
organ or tissue dysfunction brought by the attachment
and fixation of the adhesive tape always presents.
Despite various anti-adhesion methods used in
clinic, systematic study found that relevant treatment
methods and medications, such as intraperitoneal
isolation, intraperitoneal local hyaluronic acid, single
anti-inflammatory and fibrinolytic agent that achieve
satisfactory results in animal experiments, exhibit
uncertain clinical efficacy, as they either act in large
dose with more side effects and complications than
benefits or inducing rejection. So far there are few any
drug or treatment that can completely prevent abdominal
adhesion, not to mention its clinic promotion. Therefore,
to optimize anti-adhesive drug remains an important
issue.

Pharmacological activities of TMP include
dilating blood vessels, slightly lowering blood
pressure, improving tissue microcirculation and blood
perfusion, inhibiting aggregation and adhesion of
platelet, preventing thrombus formation, preventing
the proliferation of smooth muscle cells and fibroblast,
regulating lipid metabolism, resisting lipid peroxidation
and regulating immune function.“? TMP plays a multi-
target and multi-link role in tissue adhesion, because it
not only inhibits collagen hyperplasia to promote tissue
repair, decreases the concentration of WBC and fibrin in
plasma to reduce tissue inflammation and exudation, but
also reduces the permeability of abdominal capillaries
and promotes phagocytosis of peritoneal macrophage
and microcirculation. Advances in tissue engineering
techniques have brought great benefits to the difficult
subject of tissue adhesion. Although the application of
tissue engineering techniques in tissue adhesion is still
in the experimental stage which already presents a very
good effect on animals, whether it suits the human body
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is still unknown. Therefore, more in-depth research is
needed to study wound repaired with tissue engineering
materials.

Taken together, the prevention and treatment
of tissue adhesion is a problematic situation for
surgeons that calls for more study, but fortunately
TMP shows unique advantages and certain potential
in this field. Pharmacological studies on its activities
and clinical application have found TMP's effects on
anti-tissue adhesion vary in different concentrations,
dosages and administration routes. A safe, effective
and reliable biological agent complying with
mechanism of adhesive formation will be a direction
of the research and development of TMP drug in the
future. Meanwhile, new drug delivery system spring
up such as grafting effective components of Chinese
herbal medicine to magnetic nanoparticles will inspire
researchers to optimize the experimental conditions
for magnetic nano-drug delivery system of TMP and to
perfect its route of administration to prevent abdominal
adhesion.
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