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KEYWORDS Abstract

Electro-acupuncture; Background and objectives: Acute pancreatitis causes about 230,000 of the world's hospitali-
Platelet-rich plasma; zations yearly, with mortality rates for severe cases reaching 30%. Drugs are responsible for a
Pancreatitis; large percentage of acute pancreatitis incidents, Based on these health risks, this study
Tetracycline; investigated the role of platelet-rich plasma and electro-acupuncture as protective therapies
Tissue injury against tetracycline pancreatic injury effects.

Materials and methods: This study was carried out on 60 rats after they were divided into 4
subgroups (one control and three treatment groups).

Results: The histological and biochemical examination of the pancreas were shown a promising
result about the protective effects of the platelet-rich plasma therapies in which the growth
factors may result in the induction of pancreatic cell regeneration and decreased inflammation
Also, it found that electro-acupuncture is a promising type of therapy to protect the pancreas
from tetracycline toxic effects.

Conclusion: The present study's positive outcomes are hoped to contribute to a decline in the
tremendous morbidity and mortality rates from drug-induced pancreatic injury around the
world.

© 2022 Elsevier Espafa, S.L.U. All rights reserved.

PALABRAS CLAVE Efecto protector del plasma rico en plaquetas y la electroacupuntura en la pancreatitis
Electroacupuntura; aguda causada por tetraciclina en un modelo de ratas

Plasma rico en

plaquetas; Resumen

Pancreatitis; Antecedentes y objetivos: La pancreatitis aguda causa cerca de 230.000 hospitalizaciones

anuales a nivel mundial, con una tasa de mortalidad para los casos graves que roza el 30%. Los
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Tetraciclina;
Lesion tisular

farmacos son responsables de un gran porcentaje de los episodios de pancreatitis aguda. Sobre la
base de estos riesgos sanitarios, el presente estudio investigd el papel del plasma rico en
plaquetas y la electroacupuntura como terapias protectoras frente a los efectos de las lesiones
pancreaticas de la tetraciclina.

Materiales y métodos: Este estudio fue realizado en 60 ratas que fueron divididas en cuatro
subgrupos (un grupo control y tres grupos de tratamiento).

Resultados: El examen histologico y bioquimico del pancreas mostraron resultados
prometedores acerca de los efectos protectores de las terapias con plasma rico en plaquetas,
en los que los factores de crecimiento pueden originar la induccion de regeneracion de células
pancreaticas y la reduccion de la inflamacion. De igual modo, se encontréo que la
electroacupuntura es un tipo de terapia prometedor para proteger el pancreas de los efectos
toxicos de la tetraciclina.

Conclusion: Se espera que los resultados positivos del presente estudio contribuyan a reducir las
grandes tasas de morbilidad y mortalidad de las lesiones pancreaticas inducidas por farmacos a
nivel mundial.

© 2022 Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Tetracycline is one of the tetracyclines family of antibiotics
that inhibit the synthesis of the protein through the
prevention of any attachments between the ribosomal
acceptor (A) site and the aminoacyl-tRNA. It is a broad-
spectrum agent, exhibiting activity towards a wide variety of
the gram-negative (G-) and gram-positive (G+) bacteria,
atypical organisms like chlamydia, mycoplasmas, rickettsia,
and protozoan parasites.’

Acute pancreatitis (AP) is a disorder characterized by
acute necro-inflammatory tissue changes that is AP is the
first gastrointestinal disorder that require admission and the
21t among all diseases that call for hospitalizations with
estimated costs of approximately 2.6 billion dollars per
year,? the urgent need for the AP prevention techniques
comes from the fact that it is a potentially fatal disease that
has high morbidity and significant mortality (2.1%-7.8) and
as shown in several studies® AP following Tetracycline
administration has been related to the fatty degeneration
and acinar cell destruction that can be identified histologi-
cally and biochemically by rising serum pancreatic en-
zymes.* Tetracycline also causes small but considerable
oxidative stress in the pancreas, where the levels of the free
radical have exhibited a considerable increase. This is
clearly shown when antioxidant enzymes like catalase,
glutathione reductase, glutathione peroxidase, and super-
oxide dismutase have shown a small but significant decrease
in the treated rats' pancreas at a dose of 50mg/kg/day.>

Platelet Rich Plasma (PRP) can be described as an
autologous concentration of human platelet to the supra-
physiologic levels.® At the baseline levels, the platelets act
as a natural reservoir for the growth factors (GFs) including
the epidermal growth factor (EGF), platelet-derived growth
factor (PDGF), vascular endothelial growth factor (VEGF),
transforming growth factor-beta 1 (TGF-p1), hepatocyte
growth factor (HGF), basic fibroblast growth factor (FGF),
and insulin-like growth factor (IGF-1),” For example, those
GFs are released from activated platelets’ alpha granules
and have an impact on significant cellular processes, for

example chemotaxis, mitogenesis, metabolism, and differ-
entiation.® This is why the increase of the platelets'
concentration in the injured (i.e., compromised) tissues
lies in the belief that the additional platelets result in an
exponential release of multiple bio-active factors and, as a
result, improve the natural process of healing. The PRP is
produced from the blood in a way that guarantees a high
platelet concentration in a small plasma volume. After that,
this platelet-rich product will be re-injected into the injury
site or produced as gel or another bio-material to be inserted
during surgery.®

Electro-acupuncture is an old medical treatment that
originated in China approximately 20 centuries ago. Follow-
ing the long-term developments, electro-acupuncture has
been included in the medical literature as one of the
standard therapies in China and presented to other regions
and countries like Europe, Asia, and the U.S.A."° Electro-
acupuncture has shown its importance in promoting gastro-
intestinal function and improving intestinal paralysis in AP
patients. Several studies have shown that electro-
acupuncture is effective in gastrointestinal physiology,
such as gastric acid secretion and neurohormonal changes.
This is why it may result in improving gastrointestinal
function in patients with acute pancreatitis.’ A clinical
trial has shown that electro-acupuncture may result in
reducing AP severity by induction of the anti-inflammatory
effects.?

Nonetheless, evidence for electro-acupuncture as one of
the adjuvant treatments for the AP is still not credible owing
to the lack of well-performed clinical studies. So this
research is aimed at assessing the safety and efficacy of
electro-acupuncture as one of the adjuvant treatments for
acute pancreatitis.

Aim of the study

The objective of the present study is to find the protective
effect of PRP and electro-acupuncture on AP caused by
tetracycline, as this disease results in several hospitalization
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cases worldwide with mortality rates for severe cases that
may reach up to 30%, and For treating Acute Pancreatitis.
There are a few high-quality clinical researches on electro-
acupuncture applications and PRP available concering this
subject.3

Materials and methods
Animals

The present study has been carried out during January 2021
and conducted according to the ethical principles of the
national and international research ethics committee that
are reviewed and certified by karbala university, college of
pharmacy. All protocols were done according to “Guide for
the Care and Use of Laboratory Animals” (NRCotN, 2011)
(Ethics Code:IR.QUMS.REC.1399.269).

An average of 60 pathogenically free adult male rats were
involved in the study, and their weight was about 150-200
gm, and they were 8-10 weeks old. The animals have been
obtained from the pharmacology department's animal house
in the college. Rats have been housed in clean plastic cages
and were administered a standard lab diet with free access
to the water and diet at room temperature with the normal
dark and light cycles. All aspects of the animal treatment
and care have been performed based on the local rules of
CPCSEA (i.e., the Committee for the Purpose of Control and
Supervision of Experiments on Animals).

Experimental design

The 60 rats were divided into 4 equal groups (14 rats each) as
shown in table 1 and the remaining 4 rats were used for PRP
preparation.

Reagents and therapy

Tetracycline dose preparation

A Tetracycline capsule (250 mg) was used to prepare each
dose by direct powder dissolving in normal saline. Each rat in
the treatment groups®* received tetracycline at a dose of
50mg/kg (the dose standardized according to the local
experiment circumstances) once daily for 21 days by intraper-
itoneal injection (IP) for induction of pancreatic injury.?

PRP method
PRP preparation was performed through the adaptation
of the protocol of a double centrifugation tube approach'

Table 1  Experimental design.
NO. Group Characteristic
1 Control didn’t receive any reagents or

therapy.

Received only tetracycline.

Received both Tetracycline

and PRP.

4  Tetracycline + Electro- Received tetracycline and
electro-acupuncture electro-electro-acupuncture.

2  Tetracycline
3 Tetracycline + PRP

briefly, 4 rats have been anesthetized with the use of
xylazine and ketamine, 0.5 ml of blood has been obtained
from each rat under aseptic conditions from heart and
collected into EDTA tubes for their anticoagulant effect.
Blood has been subjected to the approach of double
centrifugation method; in the 15t step of centrifugation,
the tube has been centrifuged at a 1500 rpm for 5 min, and
this step gives rise to three layers; the lower layer included
red blood cells, the intermediate one included buffy coat of
white blood cells, and the higher layer contained plasma.
The plasma layer has been separated, then centrifuged
again at 3500 rpm for 5 minutes, then transferred to a vortex
for 2 minutes, and the lower part was taken, representing
the PRP. Each rat in group 3 received 0.1 ml of the PRP by
subcutaneous (SC) injection using a sterile insulin syringe
(one dose) once through the first week of the experiment as
the PRP may need up to 2 weeks to exert its full effect.’>

Electro-acupuncture method

In the current study, the electroacupuncture device used
is the "Agilent B1500A semiconductor analyzer” to generate
electrical pulses to stimulate targeted acupuncture points
(Sp6). The pulse includes a continuous square wave with a
voltage range of 0 to 0.5, at 8Hz. And all subjects treated for
one minute, in a range of three times weekly for 21 days.
The 4% group of rats received tetracycline plus electro-
acupuncture.

Statistical analysis
The stratistical analysis done using statistical packages of
social scinces (SPSS vr. 28)

Histological study

Besides controls, treated rats were sacrificed on day 22 of
the experiment after they were anesthetized by chloroform,
amethod approved by CPCSEA. The histological preparations
of the samples included four steps : fixing, processing,
sectioning, and staining. The pancreatic specimens were
fixed in 10% buffered formalin for 24 hours (a formalin-to-
specimen ratio of 10:1 was used for best results) to preserve
the most natural possible states and to prevent decay. Then
the samples are dehydrated in graded alcohol series to
remove any water and cleared in xylene. The embedding
step is done by means of an embedding center. Samples are
sited in a mold filled with molten paraffin and are carefully
oriented according to their plane of section. The resulting
block is then cooled. Sections of 5 have been mounted on the
glass slides using microtomy and finally the staining was
made with H&E (i.e., hematoxylin and eosin) and other
sections with Masson trichrome to provide contrast to tissue
sections and make the sample structures viewable easier
according to histological preparation standards.

Biochemical study

Serum activitiy of amylase and lipase was determined on
day 22 of the experiment for each rat via laboratory kit
according to the manufacturer guidelines of the Roche-
Hitachi modular analytics system (Roche, Mannheim,
Germany).
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Results
Histological analysis

The 1st group (control) is seen with normal pancreatic tissue
formed by exocrine and endocrine (islands of Langerhans) as
shown in Fig. 1a. In contrast, in the 2nd group, which
received tetracycline drugs, the pancreatic tissue was found
with severe acute inflammatory cells in peripancreatic
tissue in addition to strongly inflamed acini and fat necrosis
as shown in Fig. 1b. In the 3rd group, which was given
Tetracycline plus PRP, the pancreatic tissue showed a
moderate number of inflammatory cells in the stroma
(interlobular connective tissue) in comparison to the 2nd
group (tetracycline) in addition to the decreased intensity of
inflammation in peripancreatic tissue (fatty tissue) as seen
in Fig. 1c. Finally, in the 4th group, which was treated with
Tetracycline and electro-acupuncture, the pancreatic tissue
was seen with low grade pancreatitis (interlobular connec-
tive tissue) and minor peripancreatic inflammation, and
most of the tissues appeared in normal condition., as shown
in Fig. 1d.

Biochemical analysis

The data showed a significant difference in both amylase
and lipase concentration in the experimental groups where
they were both within the normal value in the control group
and within a very high value in the tetracycline receiving rat
group, reflecting pancreatitis and organ damage, whereas
both enzyme levels shifted toward the normal values in the
third and fourth groups as an index of the protective effect
of both the PRP and the electro-acupuncture against the
toxic effect of tetracycline on the pancreas and as shown in
Table 2.

Fig. 1
Tetracycline group, c.Tetracycline+PRP group, d. Tetracycline
+ acupuncture group. Magnification is 400x.

Histopathogical features of a. Control group, b.

Discussion

The pathophysiology of acute pancreatitis includes the
activation and release of pancreatic enzymes in the plasma,
the destruction and malformation of the pancreatic cells,
and organ dysfunction® So the present study involved both
histological and biochemical analysis to assess the protective
effect in a complete manner. Amylase and lipase serum
levels rise in the hours following pancreatic damage, and a
concentration of 2-4 times the maximum points of normal
levels is recommended for pancreatitis diagnosis.'”

The first significant result of this study is that tetracy-
cline is a causative factor for pancreatic injury in rats at a
dose of 50 mg/kg daily for 21 days. This result is supported
by many previous studies that confirmed the antibiotic
tetracycline as a pancreatitis-causing factor,'®1% This
adverse event may unpredictably occur through the irregular
interactions between the organism and the medicine, often
mediated by the cytotoxic or immunologic effects that are
triggered by the medicine or its metabolites in the pancreas,
resulting in the activation of the inflammatory response,
which results in increasing the pancreas' vascular perme-
ability. Edema, hemorrhage, necrosis, and ischemia may
follow.2° AP severity may differ while it progresses to a
systemic inflammatory response syndrome, sepsis, or multi-
ple organ failure.?" Approximately 3-13% of AP cases
progress to chronic pancreatitis.*

In this literature, the promising results are the positive
effects of the PRP injections on regenerating the pancreatic
cell mass and decreasing inflammation associated with the
administrated tetracycline, and this result is consistent with
numerous trials that proved the protective effects of the
PRP. For example, one of the Egyptian studies showed that
the PRP's growth factors could regenerate the pancreatic
beta cells in T2DM (Type Two Diabetes Mellitus).?? Another
histological and immuno-histochemical study in 2017 dem-
onstrated the therapeutic effects of the PRP Injection on the
Endocrine Pancreas of Experimentally Induced Diabetes in
Male Albino Rats.2® This effect is due to the fact that PRP is
2-5 times richer in platelets than circulating blood,?
whereas in our work, the preparation of the PRP depends
on the double centrifugation approach, which resulted in a
concentration of the platelets that is 3 times greater
compared to the initial blood sample. Moreover, the
rationale for the widespread use of PRP for healing purposes
lies in the fact that platelets represent a reservoir of the
critical GFs, cytokines, and fibrinogen that can control and
regulate the tissue healing process.?’

Electro-acupuncture therapies can be used along with
medical treatment to help the patient feel better,2® and this
type of traditional medicine will pave the way for a novel
treatment of organ damage introduced by drugs or any other
factor. In the present study, encouraging results about the
electro-acupuncture protective effect were gained for
further investigation into the exact mechanism, onset and
duration of action and the protection degree. Previous
animal research has concluded that electro-acupuncture
may result in the inhibition of the nuclear factor-kB
activation process in the pancreas of rats that have acute
pancreatitis and decrease the release of the serum proin-
flammatory cytokines interleukin 6 (IL6) and tumor necrosis
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Table 2 Serum lipase & amylase mean concentrations in the experimental groups.

Parameter Control Tetracycline Tetracycline + PRP Tetracycline + electro-acupuncture P value
Serum lipase (IU/L) 34.1+72 98 .5+8° 63.8 + 2%° 41162 >0.05
Serum amylase (IU/L) 73.9 + 52 261.3 + 4° 138.6 + 3%° 100.2 + 52 >0.05

* Values are expressed as mean = s.d for 15 rats in each group.

* Small different letters mean significant differences (p value >0.05).

factor (TNF)?” At the same time, electro-acupuncture may
re-constitute a balance between the anti-inflammatory and
proinflammatory cytokines. As a result, the pancreatic
damage and the systemic inflammatory responses will be
reduced.?® In addition to that, electro-acupuncture may
result in a significant reduction in the colonic transmission
time, regulation of the gastrointestinal hormone releases,
and improvement of the gastrointestinal motility disorders
in patients with acute pancreatitis,?3° Additionally, other
research work3' Several mechanisms relating to electro-
acupuncture must still be investigated based on their gene
expression patterns in order to reveal specific details
involved in its action. On the other hand, plasma rich
platelets contain several growth factors, which play multiple
pathways in the human body, including systemic signaling
pathways in addition to local effects.3?

Conclusion

Electro-acupuncture is a promising alternative medicine to
protect the pancreas from tetracycline toxic effects and can
play a role in tissue regeneration and reformation process in
addition, PRP is viewed as a natural biological mediator
controlling the growth, differentiation. GFs in the PRP
can induce pancreatic cell regeneration and decrease
inflammation.

Recommendations

Electro-acupuncture and PRP are recommended as comple-
mentary therapies for acute pancreatitis caused by
tetracycline.

Conflict of interest

None.
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