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Protective Effect of Oxytocin on Ovarian Histopathology at Septic Rat Model

ABSTRACT

Objectives: Sepsis is the body’s response to infections, and it is associated with high morbidity and
mortality rates. This study aimed to examine the histopathological changes in rats with an intra-ab-
dominal abscess model after oxytocin administration and to investigate oxytocin’s potential protec-
tive effects.

Methods: A total of 21 Wistar Albino rats were randomly divided into three groups, with seven in
each group. The sepsis group was created after cecal-ligation-perforation. The first group consisted of
normal healthy rats, the second group of septic rats, and the third group of septic rats administered
oxytocin. The ovaries of the rats were then surgically removed and examined histopathologically.

Results: The study evaluated normal ovarian tissue (Group 1), ovarian tissue with sepsis (Group 2),
and ovarian tissue treated with oxytocin (Group 3) for endothelial damage (wall thickening, fibrin
deposition, and swelling), vacuolization, cellular debris, proteinous material deposition, and neutro-
phil infiltration. Statistically significant differences were observed in endothelial damage (p=0.001),
vacuolization (p=0.005), cellular debris (p=0.030), proteinous material deposition (p=0.030), neutrophil
infiltration (p=0.001), and the total score (p=0.001). Comparing Group 2 and Group 3, no statistically
significant differences were found in endothelial damage (p=0.063), vacuolization (p=0.059), cellular
debris (p=.102), and proteinous material deposition (p=0.102). However, significant differences were
noted in neutrophil infiltration (p=0.020) and the total score (p=0.028).

Conclusion: The study observed that in oxytocin-administered sepsis models, the cellular changes
caused by the septic condition improved in the histopathological examination of the ovarian tissue,
favoring the oxytocin group.
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Sepsis is the systemic response to infections, characterized by biochemical, molecular,
and hormonal dysfunctions of the body. This condition can result in organ damage
and even mortality. Sepsis cases were observed more frequently, and mortality rates were
higher during periods when antibiotic treatment was less prevalent. For example, an esti-
mated 164,000 cases of sepsis occurred each year in the United States (USA) in the late
1970s (1). In a 12-year study conducted with 101,064 patients who had sepsis and septic
shock in 171 Intensive Care Units (ICUs) in Australia and New Zealand, there was a 50
percent risk reduction in in-hospital mortality (from 35% to 18%) between 2000 and 2012
(2). An underlying injury or non-communicable disease is detected in almost half of all
sepsis-related mortalities. The contribution of various infectious organisms to the sepsis
burden has varied over time (3,4).

Sepsis covers a spectrum that ranges from infection and bacteremia to sepsis and septic
shock, which can cause Multiple Organ Dysfunction Syndrome (MODS) and mortality. Sys-
temic Inflammatory Response Syndrome (SIRS) is no longer included in this definition
because it is not always caused by infection. Septic shock is a presentation in which the
inflammatory response due to infection is accompanied by vasodilation,and the circulation
is impaired, but septic shock is more mortal (5). The cardinal signs of sepsis are hypoten-
sion, tachycardia, fever, and leukocytosis. As the severity deteriorates, signs of shock (e.g.,
cold skin and cyanosis) and organ dysfunction (e.g., oliguria, acute kidney injury, altered
mental status) add to the manifestation. Rapid initiation of appropriate antibiotic treat-
ment in the early period and aggressive treatment of tissue perfusion increase the success
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of treatment (6).

One of the most important causes of sepsis is Tuboovarian
Abscess (TOA). Antimicrobial treatment and surgical drainage are
included in TOA treatment (7). After treatment, long-term compli-
cations are especially important for women of reproductive age.
A pelvic infection can cause many consequences, especially infer-
tility in the reproductive age. Chronic inguinal pain, extrauterine
pregnancy, and subfertility/infertility are some of these sequelae
(8). The inflammatory response that is secondary to infection and
tissue destruction caused by oxidative stress constitute the main
etiopathogenesis of these complications. In a previous study of
a cohort of 100,000 women aged 20-24 years who experienced
pelvic inflammatory disease, 18,600 were followed up with chronic
pelvic pain, 16,800 of them had infertility, and 8,550 cases were
reported to have ectopic pregnancy (9).

Oxytocin (OT) is a drug known for its effects in gynecology and
obstetrics. It has also been investigated in recent years for its anti-
oxidant effects. Oxytocin is synthesized in the supraoptic and para-
ventricular nuclei of the hypothalamus and is a neurohypophyseal
nonapeptide hormone that performs its various actions via the OT
receptor, which is a G-protein-coupled receptor (10). It was shown
that oxytocin increases the survival of ischemic skin flaps in rats
through the activation of growth factors or anti-inflammatory mech-
anisms (11). It was also shown that OT has an anti-inflammatory
effect on neutrophil deposition and hyperalgesia in the hind paw of
carrageenan (carrageenans or carrageenins are a family of natural
linear sulfated polysaccharides extracted from red edible seaweed)
(12). Previous studies have shown that it also protects neural cells
against hypoxia-ischemia by reducing chromatin proteins (13).

In the study, the purpose was to examine the pathological changes
following oxytocin administration in rats with an intra-abdominal
abscess model and to determine whether it can be used in addition
to therapeutic modalities with its known antioxidant effect.

METHODS

Animals

Experiments were conducted on 21 male Wistar-Albino rats (8
weeks old, weighing 200-225 g). The Animal Ethics Committee of
Saki Yenilli Experimental Animals Production Laboratory (Ankara,
Turkiye) approved the study. Rats were housed in separate cages
with free access to food and water, in an environment controlled
for temperature and a full light-dark cycle. All rats were cared for
according to the “Principles for the Care of Laboratory Animals” rec-
ommended by the National Society for Medical Research and the
“Guidelines for the Care and Use of Laboratory Animals” prepared
by the Institute for Laboratory Animal Resources and published by
the National Institutes of Health (NIH publication 8523, revised
1985). Ethical number: 17/08/2021 - 05 - 04-21.

The study was conducted in accordance with the Declaration of
Helsinki, and animal experimentation procedures were carried out
under fully ethical conditions.

Experimental Procedures
A total of 21 Wistar Albino rats were randomly divided into three
groups, with seven rats in each group.

Group 1: Control Group (no treatment group)
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Group 2: Sepsis-Induced Group

Group 3: The group in which sepsis was induced and oxytocin was
administered simultaneously

To create the sepsis model, all rats were anesthetized by admin-
istering 60mg/kg Ketamine Hydrochloride and 10mg/kg Xylazine
intraperitoneally after 12 hours of fasting.

After ensuring appropriate anesthesia,abdominal shaving,and disin-
fection,a 2 cm midline incision was made for laparotomy. During the
laparotomy, the cecum was isolated, the ascending colon was rubbed,
and then the cecum was filled with stool, tied with 2/0 silk under the
ileocecal valve, and the anterior surface of the cecum was punctured
several times with a #22 intra-ketal needle. Oxytocin was adminis-
tered to the third group 24 hours after the surgery. Synpitan Forte
(Deva Holding Inc.) ampoule with 5-unit oxytocin was administered
intramuscularly to the related group at doses of 0.1 mg/kg.

The rats were sacrificed at the end of the 48" hour, and their ova-
ries were removed under appropriate anesthesia, then fixed with
10% formaldehyde for histopathological examination.

Histopathological Examination and Histopathological Scoring

The ovarian tissue samples dissected from the rats were fixed in
10% formaldehyde for 24 hours. A macroscopic evaluation was
performed, and each ovarian tissue was sampled in one cassette.
After routine tissue processing from biopsy samples,4-micron-thick
sections were taken from paraffin blocks. Deparaffinized tissue
preparations were stained with Hematoxylin & Eosin and exam-
ined under a light microscope at 40x magnification. Normal ovar-
ian tissue, ovarian tissue with sepsis, and oxytocin-treated ovarian
tissue were evaluated separately.

In the microscopic evaluation, the most intense area observed at
40x magnification was graded for ovarian histopathological find-
ings using a semi-quantitative scoring method. Pathological find-
ings such as endothelial damage (wall thickening, fibrin deposition,
and swelling), vacuolization, cellular debris, proteinous material
deposition, and neutrophil infiltration were graded as O (normal), 1
(mild), 2 (moderate), 3 (severe),and 4 (very severe) (14).

Statistical Analysis

Before the study commenced, a power analysis was performed
according to the t-test. The alpha risk was set at 0.05,and the power
of the study at 80%. The calculations were performed using the
Minitab 16 statistical package program. According to the findings,
it was calculated that there should be seven subjects in each group.

The data were analyzed using IBM SPSS Statistics 17.0 (IBM Corpo-
ration, Armonk, NY, USA). The distribution of continuous numerical
variables was examined using the Kolmogorov-Smirnov and Shap-
iro-Wilk tests. Descriptive statistics: For continuous numerical vari-
ables, mean * standard deviation values were used for data with
normal distribution, and median and minimum-maximum values
were used for data with abnormal distribution.

The significance of the difference in terms of continuous numerical
variables between the groups was examined using the Wilcoxon
Test when the number of independent groups was two and using
the Friedman test when the number of independent groups was
more than two. Unless otherwise specified, a p-value of <0.05 was
considered statistically significant.
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Histopathological Examination and Histopathological Scoring

The ovarian tissue samples dissected from the rats were fixed in
10% formaldehyde for 24 hours. A macroscopic evaluation was
performed, and each ovarian tissue was sampled in one cassette.
After routine tissue processing from biopsy samples,4-micron-thick
sections were taken from paraffin blocks. Deparaffinized tissue
preparations were stained with Hematoxylin & Eosin and exam-
ined under a light microscope at 40x magnification. Normal ovar-
ian tissue, ovarian tissue with sepsis, and oxytocin-treated ovarian
tissue were evaluated separately.

In the microscopic evaluation, the most intense area observed at
40x magnification was graded for ovarian histopathological find-
ings using a semi-quantitative scoring method. Pathological find-
ings such as endothelial damage (wall thickening, fibrin deposition,
and swelling), vacuolization, cellular debris, proteinous material
deposition, and neutrophil infiltration were graded as O (normal), 1
(mild), 2 (moderate), 3 (severe),and 4 (very severe) (14).

Statistical Analysis

Before the study commenced, a power analysis was performed
according to the t-test. The alpha risk was set at 0.05,and the power
of the study at 80%. The calculations were performed using the
Minitab 16 statistical package program. According to the findings,
it was calculated that there should be seven subjects in each group.

The data were analyzed using IBM SPSS Statistics 17.0 (IBM Corpo-
ration, Armonk, NY, USA). The distribution of continuous numerical
variables was examined using the Kolmogorov-Smirnov and Shap-
iro-Wilk tests. Descriptive statistics: For continuous numerical vari-
ables, mean #* standard deviation values were used for data with
normal distribution, and median and minimum-maximum values
were used for data with abnormal distribution.

The significance of the difference in terms of continuous numerical
variables between the groups was examined using the Wilcoxon
Test when the number of independent groups was two and using
the Friedman test when the number of independent groups was
more than two. Unless otherwise specified, a p-value of <0.05 was
considered statistically significant.

RESULTS

A total of 21 rats were used in this study, with 7 rats in each
group. Normal ovarian tissue (Group 1), ovarian tissue with sepsis
(Group 2),and ovarian tissue treated with oxytocin (Group 3) were
evaluated for endothelial damage (wall thickening, fibrin depo-
sition, and swelling), vacuolization, cellular debris, proteinous
material deposition, and neutrophil infiltration. The total score of
these five parameters was assessed as the total histopathological
sepsis score. The groups were then compared for each parameter
and in terms of total score values. Ovarian tissue with normal
morphology was found in Group 1 (the Control Group). Endothe-
lial damage, vacuolization, cellular debris, proteinous material
deposition, and neutrophil infiltration were observed in the ovar-
ian tissues of Group 2 and Group 3. Figure 1 shows the examina-
tion of normal ovarian tissue at 40x magnification as a result of
treatment with hematoxylin and eosin. A microscopic examination
of the tissues taken from rats that did not undergo any treatment
is given here. Observation of normal tissue is instructive in terms
of changes in sepsis and after oxytocin administration. Figure 2
presents an examination of inflammatory cell infiltration, thick-
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Figure 1. Normal ovarian morphology H&E 40x.

Figure 2. Inflammatory cell infiltration, vessel wall thickening,
congestion, and stromal edema in sepsis. H&E 40x.

Figure 3.Reduction in inflammatory cellinfiltration,vascular congestion,
and stromal edema in oxytocin-treated septic ovarian tissue. H&E 40x.
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Table 1. Median and Minimum-Maximum Scores of Histopathological Findings in All Three Groups

Group 1: Control Group
(Median, Min-Max)

Histopathological Findings

Group 2: Sepsis Group
(Median, Min-Max)

Group 3: Sepsis and Oxytocin Administered
Group (Median, Min-Max)

Endothelial Damage 0 (0-0) 3.0 (1-3) 1.0 (1-3)
Vacuolization 0 (0-0) 2.0 (0-2) 1.0 (0-1)
Cellular Debris 0 (0-0) 1.0 (0-2) 0.0 (0-1)
Proteinous Material Deposition 0 (0-0) 1.0 (0-2) 0.0 (0-1)
Neutrophil Infiltration 0 (0-0) 2.0 (1-3) 1.0 (1-2)
Total 0 (0-0) 9.0 (3-12) 3.0 (2-8)

This table summarizes the median and range (minimum-maximum) scores for each histopathological finding across the three groups: Control Group, Sepsis Group,

and Sepsis with Oxytocin Administered Group.

Table 2. Mean Scores of Histopathological Findings in All Three Groups and Statistical Comparison

Histopathological Findings Group 1: Control

Group 2: Sepsis Group

Group 3: Sepsis and Oxytocin Administered Pb

(Mean, £SD) (Mean, £SD) Group (Mean, £SD)
Endothelial Damage 0+0 2.28+0.95 1.42+0.78 0.001
p? 0.063
Vacuolization 0+0 1.42+0.78 0.71%0.48 0.005
p? 0.059
Cellular Debris 0+0 1+1.0 0.42+0.53 0.030
p? 0.102
Proteinous Material Deposition 0+0 1+1.0 0.42%0.53 0.030
p? 0.102
Neutrophil Infiltration 0+0 2.14%0.69 1.14%0.37 0.001
p? 0.020
Total 0+0 7.85%4.09 4.14%2.26 0.001
p? 0.028

3Wilcoxon Signed Ranks Test, °Friedman Test. p-value of <0.05 was considered statistically significant. This table presents the mean and standard deviation (SD)
scores for each histopathological finding across the three groups: Control Group, Sepsis Group,and Sepsis with Oxytocin Administered Group. The table also includes
the p-values for the statistical comparison of the groups, with significant differences indicated by a p-value of <0.05.

ening of the vessel wall, congestion, and stromal edema in the
ovaries taken from the rats in which a sepsis model was prepared.
It contains areas that meet the criteria for sepsis pathologically.
Figure 3 shows the examination of ovarian tissue administered
with oxytocin as an anti-inflammatory and antioxidant in rats
with sepsis. A decrease in inflammatory cell infiltration, vascular
congestion, and stromal edema is observed.

The descriptive data of the groups are presented in Tables 1
and 2 for pathological evaluation. Statistically significant dif-
ferences were found in terms of endothelial damage (p=0.001),
vacuolization (p=0.005), cellular debris (p=0.030), proteinous
material deposition (p=0.030), neutrophil infiltration (p=0.001),
and the total score (p=0.001) (Table 2). When Group 2 and
Group 3 were compared, no statistically significant difference
was observed for endothelial damage (p=0.063), vacuolization
(p=0.059), cellular debris (p=.102), and proteinous material
deposition (p=0.102). However, a statistically significant dif-
ference was found for neutrophil infiltration (p=0.020) and the
total score (p=0.028) (Table 2).

DISCUSSION

This experimental animal study evaluated the protective effects
of oxytocin on tissue through its anti-inflammatory and antioxi-
dant properties by administering oxytocin to a group of rats with
a sepsis model. Statistically significant decreases were detected in
the neutrophil infiltration and total histopathological sepsis scores
of the oxytocin group (p=0.020, p=0.028, respectively).

The addition of anti-inflammatory and antioxidant agents to the
known current treatment of abscesses and their curative and pre-
ventive results have been examined in recent studies. Oxytocin
was used in another study conducted with obese rats. In an animal
model of obesity and diabetes, chronic oxytocin treatment led to
a reduction in visceral adipose tissue inflammation and in the
plasma markers of systemic inflammation, which may play roles in
disease progression (15). Another study demonstrated the presence
of a neuroendocrine response contributing to oxytocin secretion
during sepsis. Oxytocin was also shown to reduce the overall host
response to infection by reducing the proinflammatory response
and oxidative stress (16).
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Similarly, in their study, Sever et al. (17) used a septic rat model and
evaluated lung injury both radiologically and histopathologically. It
was reported that the results of the radiological and histopatholog-
ical lung damage evaluation were lower in the oxytocin-adminis-
tered group, indicating that oxytocin had anti-inflammatory, antiox-
idant, and protective effects. Similarly, histopathological response
was improved in our study. Unlike our study, no statistically signif-
icant difference was found for endothelial damage, vacuolization,
cellular debris, proteinous material deposition, but a statistically
significant difference was detected in neutrophil infiltration and
total histopathological sepsis score. We believe that this is due to
the protocol difference. Oxytocin was initiated 24 hours after sur-
gery in our protocol, but in the study of Sever et al. (17), oxytocin
was started one hour after the procedure. The faster response in
neutrophil infiltration may reflect this difference.

In their study, Ragy et al. investigated the effectiveness of oxytocin
in rat models with renal Ischemia/Reperfusion (IR), and evaluated
laboratory values. They reported that oxytocin reduced IR-induced
elevations in serum urea, creatinine, liver transaminases,and TNF-a
levels significantly,and Nitric Oxide (NO) and Bcl-2 levels increased
significantly compared to the IR Group. The authors also reported
that oxytocin significantly compensated for the decrease in Total
Antioxidant Capacities (TAC) observed with renal IR in renal and
hepatic tissues and decreased high Malondialdehyde (MDA) levels
(18). In their study conducted on rats, Alizadeh et al. (18) reported
that oxytocin protected cardiomyocytes from apoptosis caused by
Ischemia-Reperfusion. The importance of these two studies is that,
in addition to the neuroprotective effects of oxytocin, its protective
effect was also present in other organs. In the present study, how-
ever, this effect was similar to the literature data in the ovaries of
rats. It was observed in the histopathological examination of the
ovarian tissue in a septic rat model administered oxytocin that the
septic findings reduced the changes at the cellular level.

There are some important limitations in the present study. Oxy-
tocin activity can vary significantly depending on the concentra-
tion. Therefore, studies are required to determine the optimal dose
and protocol. Here, an animal experimental model was created to
investigate oxytocin efficacy; however, these results do not reflect
efficacy in humans. Human studies designed for this purpose are
needed in this respect.

CONCLUSION

In this study, the antioxidant and anti-inflammatory effects of oxy-
tocin were utilized in the ovarian tissue of rats in a septic condition,
and histopathological improvement was observed in the septic
ovarian tissue. In this context, the addition of oxytocin to the known
treatment for pelvic inflammatory disease is significant in mini-
mizing related damage, especially in the reproductive age. Further
studies and clinical trials are necessary to explore this potential.

Acknowledgments: The team of authors extends their gratitude to Saki
Yenilli for his invaluable assistance in conducting the experiments.

Ethics Committee Approval: The Animal Ethics Committee of Saki Yenilli
Experimental Animals Production Laboratory (Ankara, Tiirkiye) approved the
study. Ethical number: 17/08/2021-05-04-21.

Informed Consent: Informed consent was obtained from all patients.

s 46

Ozdemir et al. Septic Rat Model and Oxytocin

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - M.0.; Design - H.0.; Supervision - B.G.0,;
Resources - B.G.0.; Materials - S.S.; Data Collection and/or Processing -
M.0.; Analysis and/or Interpretation - S.YK.; Literature Search - B.G.0.;
Writing - B.G.0O.; Critical Review - B.G.0.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial
support.

REFERENCES

1.  Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of
sepsis in the United States from 1979 through 2000. N Engl J Med
2003;348(16):1546-54. [CrossRef]

2. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality related
to severe sepsis and septic shock among critically ill patients in Australia
and New Zealand, 2000-2012.JAMA 2014;311(13):1308-16. [CrossRef]

3. Pop-Vicas A, Tacconelli E, Gravenstein S, Lu B, DAgata EM. Influx of
multidrug-resistant,gram-negative bacteria in the hospital setting and
the role of elderly patients with bacterial bloodstream infection. Infect
Control Hosp Epidemiol 2009;30(4):325-31. [CrossRef]

4. Uslan DZ,Crane SJ,Steckelberg JM, Cockerill FR 3rd, St Sauver JL,Wilson
WR, et al. Age and sex-associated trends in bloodstream infection: A
population-based study in Olmsted County, Minnesota.Arch Intern Med
2007;167(8):834-9. [CrossRef]

5. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The third international consensus definitions for sepsis
and septic shock (Sepsis-3).JAMA 2016;315(8):801-10. [CrossRef]

6. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, et al;
Early Goal-Directed Therapy Collaborative Group. Early goal-directed
therapy in the treatment of severe sepsis and septic shock. N Engl J
Med 2001;345(19):1368-77. [CrossRef]

7. Chen GY, Nunez G. Sterile inflammation: Sensing and reacting to
damage. Nat Rev Immunol 2010;10(12):826-37. [CrossRef]

8. Munday PE. Clinical aspects of pelvic inflammatory disease. Hum
Reprod 1997;12(11 Suppl):121-6.

9. YehJM,Hook EW 3rd,Goldie SJ.Arefined estimate of the average lifetime
cost of pelvic inflammatory disease. Sex Transm Dis 2003;30(5):369-78.
[CrossRef]

10. Barberis C, Mouillac B, Durroux T. Structural bases of vasopressin/
oxytocin receptor function.J) Endocrinol 1998;156(2):223-9. [CrossRef]

11. Petersson M, Wiberg U, Lundeberg T, Uvnds-Moberg K. Oxytocin
decreases carrageenan induced inflammation in rats. Peptides
2001;22(9):1479-84. [CrossRef]

12. Petersson M, Lundeberg T, Sohlstrom A, Wiberg U, Uvnds-Moberg K.
Oxytocin increases the survival of musculocutaneous flaps. Naunyn
Schmiedebergs Arch Pharmacol 1998;357(6):701-4. [CrossRef]

13. Kaneko Y, Pappas C, Tajiri N, Borlongan VC. Oxytocin modulates
GABAAR subunits to confer neuroprotection in stroke in vitro. Sci Rep
2016;6(1):35659. [CrossRef]

14. Demiralay R, Gursan N, Ozbilim G, Erdogan G, Demirci E. Comparison of
the effects of erdosteine and N-acetylcysteine on apoptosis regulation
in endotoxin-induced acute lung injury.J Appl Toxicol 2006;26(4):301-
8. [CrossRef]

15. Szeto A, Cecati M, Ahmed R, McCabe PM, Mendez Al. Oxytocin reduces
adipose tissue inflammation in obese mice. Lipids Health Dis
2020;19(1):188. [CrossRef]

16. Oliveira-Pelegrin GR, Saia RS, Carnio EC, Rocha MJ. Oxytocin affects
nitric oxide and cytokine production by sepsis-sensitized macrophages.
Neuroimmunomodulation 2013;20(2):65-71. [CrossRef]

17. Sever IH, Ozkul B, Erisik Tanriover D, Ozkul O, Elgormus CS, Gur SG, et al.
Protective effect of oxytocin through its anti-inflammatory and antioxidant
role in a model of sepsis-induced acute lung injury: Demonstrated by CT
and histological findings. Exp Lung Res 2021;47(9):426-35. [CrossRef]

18. Alizadeh AM, Faghihi M, Khori V, Sohanaki H, Pourkhalili K, Moham-
madghasemi F, et al. Oxytocin protects cardiomyocytes from apoptosis
induced by ischemia-reperfusion in rat heart: Role of mitochondrial
ATP-dependent potassium channel and permeability transition pore.
Peptides 2012;36(1):71-7. [CrossRef]


https://doi.org/10.1056/NEJMoa022139
https://doi.org/10.1001/jama.2014.2637
https://doi.org/10.1086/596608
https://doi.org/10.1001/archinte.167.8.834
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1056/NEJMoa010307
https://doi.org/10.1038/nri2873
https://doi.org/10.1097/00007435-200305000-00001
https://doi.org/10.1677/joe.0.1560223
https://doi.org/10.1016/S0196-9781(01)00469-7
https://doi.org/10.1007/PL00005227
https://doi.org/10.1038/srep35659
https://doi.org/10.1002/jat.1133
https://doi.org/10.1186/s12944-020-01364-x
https://doi.org/10.1159/000345044
https://doi.org/10.1080/01902148.2021.1992808
https://doi.org/10.1016/j.peptides.2012.03.023

