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Background and Objective: Cupping is a time-honoured traditional healing modality for pain management and remains favoured by
professionals and lay people across several cultures today. However, the analgesic mechanism of cupping is still poorly understood. In addition,
clinical guidelines for standardized applications of cupping are currently lacking. The awareness of cupping marks has provoked curiosity about
the connection between skin color changes and their benefit for local pain relief. Computer simulation is a promising approach for numerical
modeling the cupping-evoked erythrocyte emigration. Quantitative proteomic profiling of cupping-induced blister fluid exhibited a significant
decrease in the abundance of haemoglobin 8 subunit. This finding provides a critical clue to paint a novel picture of the mechanism behind
cupping. The hemorphins are a set of non-classical opioid peptides derived from the proteolysis of haemoglobin 3 subunit. In the present study,
a probable mechanism of hemorphin-based cupping analgesia is proposed. The hemorphin could also act as a potential biomarker for objective
and timely quantitative clinical assessment of cupping in the management of pain conditions. A seminal theory may open a new avenue for
future translational research on promoting the efficacy and safety of cupping analgesia.

Conclusion: The local analgesic effect of cupping is probable in the context of haemoglobin degradation that bestows the appearance
of hemorphins along with engaging opioid receptor signalling. Exploring the potential novel mechanism of cupping analgesia
facilitates seeking non-pharmacologic pain interventions.
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The oldest written mention of cupping dates back to circa 1550 BC as documented in the Egyptian Ebers Papyrus.' Unlike other
ancient techniques of healing, cupping has been employed by many epochs of civilization and is still widely practised in diverse
cultures around the world. According to the World Health Organization (WHO), cupping is a traditional modality involving the
local suction effect produced inside a cup or jar on the skin over the target area.” The mechanical principle of cupping only relies
on the negative pressure suction which is generated either by an aspirator or cooling heated air inside the cup. While performing
cupping, the applied negative pressure anchors the cup onto the intact skin, induces dynamic skin distortion, and reshapes the
cutaneous tissues within the interior of the cup. Moreover, cupping usually results in visible discoloration of the treated skin (so-
called cupping mark) which varies from light pink to dark red. In recent years, cupping experienced a noticeable surge in interest
in pain control in the field of sports medicine.® The color of the cupping mark as a predictive indicator of the effectiveness of
cupping could enable the therapist to make evaluations and adjustments accordingly.! Nevertheless, some receivers of cupping
consider the cupping marks harmful. The appearance of unpleasant visual marks on the skin following cupping may lead to
negative emotional responses to cupping healing.* The awareness of cupping marks has provoked curiosity about a valid
explanation for the connection between skin color changes and local analgesic action from a modern scientific perspective.

Cupping has been used for chronic painful conditions since antiquity.” Nevertheless, the mechanism of cupping analgesia
remains unclear, and several theories have been proposed. Cupping induces skin deformation leading to activate mechan-
osensitive afferent A3- and C-fibers, thereby decreasing nociceptive input to the dorsal horn.® The stimulation of cutaneous
baroreceptors with cupping vacuum could cause the release of endorphins, and hence, induce analgesic effect.” The placebo
mechanism also exists that explains clinical trials on cupping as eliciting analgesic placebo effects.®
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Different shades of redness, erythema and ecchymosis are the immediate skin changes following cupping.” Furthermore,
a longer duration with high negative pressure during cupping suction contributes to the blister formation.'® A characteristic
ecchymosis at the cupping site is likely to be associated with severe dilatation of skin vessels and the escape of erythrocytes into
extravascular spaces.!' Negative pressure is known to induce intact sub-epidermal blisters. The histological change of suction
blisters includes dermo-epidermal separation between the epidermal basement membrane and the basal cell membrane.'?
Quantitative proteomic analysis of cupping-induced blister fluids demonstrates that the abundance of haemoglobin  subunit
was significantly decreased."® It is logical to assume that the degradation of haemoglobin B subunit might relate to the biological
actions of cupping. Insight into the local haemoglobin catabolysis may illuminate certain mediating processes that influenced the
pain perception at the cupping site.

The skin covers the body’s external surface and is home to its primary functions of protection, thermal regulation, and
sensation. In adults, the skin receives up to one-third of the circulating blood volume.'* The drawing force in cupping may bring
about the alteration in blood flow dynamics along with the variation in dermal vascular arrangement. The pattern of the tortuous
vessel network and the array of vertically oriented capillary loops might facilitate skin mobility perpendicular to the surface
without the risk of injury to the dermal vessels. Junctional gaps between adjacent endothelial cell borders are predominantly
encountered in the venules of the papillary dermis.'> They are functional rather than permanent, ie, they are closed except when
the actual transit of blood cells occurs. The aperture calibre undergoes dynamic change according to the imposed shear stress
profile. The interendothelial gaps are necessary prerequisites for efficient diapedesis of blood cells. Mature erythrocytes are
typically anucleate biconcave discs full of haemoglobin, the iron-carrying protein, which imparts the characteristic red color to
blood. The deformability of erythrocytes depends critically on cellular morphology, intracellular haemoglobin viscosity, and
rheological properties of the membrane.

During the cupping process, negative pressure engenders a large tensile stress within the bulging tissue inside the cup. Finite
element modeling of soft tissue is a convenient approach for investigating the effects of cupping on the biomechanical properties
of the skin."'® Various computational methods are employed for the simulation of erythrocyte mechanics, rheology, and dynamics.
A simulation model is well developed to describe a normal erythrocyte squeezing through a tiny splenic slit without damage.'”'®
An elevated transmural venous pressure favours erythrocytes adhering to the gap sites and transmigrating through the venular wall
into the surrounding tissues. The visible reddish marks left by cupping on the skin are probably due to varying degrees of
erythrocyte extravasation. The scenario for erythrocyte crossing an interendothelial gap of submicron size can be numeri-
cally simulated (Figure 1A). Erythrocyte membrane displays liquid-like behavior and could flow as a continuum.'® Thus, the
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Figure | Schematic representation of a probable mechanism for hemorphin-based cupping analgesia. (A) Numerical model of erythrocyte emigration. A two-dimensional
model describes two erythrocytes completing their journey from venule to extravascular space in the skin during a cupping procedure. (B) Initiation of analgesic signalling
cascade via haemoglobin-derived hemorphins. The dermal macrophage is involved in the lysosomal proteolysis of haemoglobin and the generation of opioid peptide
hemorphins. The analgesic effects of hemorphins are elicited by activation of opioid receptors.

1752 https: Journal of Pain Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Song et al

evolution of erythrocyte diapedesis may be regarded as haemoglobin flows through the micro-opening under negative transmural
pressure. The numerical simulations coincide with prior evidence obtained by electronic microscopy.20

Haemoglobin performs its primary function of gas exchange and transport. It also serves as a versatile precursor for
various bioactive molecules. Hemorphins are a set of atypical endogenous opioid peptides originating from proteolysis of
the haemoglobin -chain. Over the past decade, an emerging erythrocrine concept has engendered new understandings of
the role of erythrocytes in analgesia.”’ Physiologically, erythrocytes harbor a substantial amount of hemorphins, which
originated from the proteasomal degradation of haemoglobin.** Applying sufficiently tensile stresses to erythrocytes
could trigger the release of hemorphins. Long-lasting exercises like a marathon can increase the level of hemorphin in the
plasma of runners.”® Erythrocyte mechanical trauma also brings about an increased level of hemorphin in patients
undergoing hemodialysis or open-heart surgery.”**> When cupping is administered, erythrocytes gain access to the extra-
vascular space in the skin. The extravascular erythrocytes can be captured and subsequently engulfed by dermal resident
macrophages where haemoglobin is proteolytically degraded.”® As illustrated in Figure 1B, the lysosomal enzymes in
macrophages are implicated in the generation of hemorphins from haemoglobin.?” The skin is the largest sensory organ
of the body and is richly innervated by nociceptive afferent fibers. So far, the opioid receptors (8-, p-, k-receptor) have
been identified on nerve endings of the epidermis and dermis.?® Their activation by hemorphins may elicit the initiation
of the hemorphin signaling cascades to exert a local analgesic effect around the cupping area.

Cupping could positively affect erythrocyte diapedesis from superficial dermal venules. The extravasated erythrocyte may
play a mediating role in the proteolytic degradation cascade of haemoglobin as depicted in Figure 1. The haemoglobin-derived
hemorphins engage opioid receptor signalling and induce the local analgesic effect of cupping. Hemorphin might be used as
a relevant biomarker for future testing hypothesis in clinical trials and translational research studies. A deeper knowledge of the
potential mechanism will aid in deciphering the meaning of the telltale red cupping marks and shed new light on the molecular
basis of cupping for pain alleviation. Rediscovering the value of cupping facilitates seeking non-pharmacologic
pain interventions.
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