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ABSTRACT

Severe acute pancreatitis (SAP) is a common gastrointestinal disorder requiring hospitalization. Pancreatic
edema, hemorrhage, and pancreatic necrosis are potentially fatal complications. Therefore, the development
of new drugs for the treatment of SAP is essential. We developed a nanocomposite drug (polyethylene glycol
[PEG]-loaded emodin [EMD] liposomes [PEG-EMD Lip]) for the treatment of SAP that was constructed based
on the excellent biocompatibility, non-toxicity, moisture retention, and favorable dispersive properties of PEG.
In vitro experiments revealed that the effect of PEG-EMD Lip (15 �g/mL) modified by PEG on the activity
of mononuclear macrophages (RAW264.7) remained above 93.3%, which was 1.12 times higher than that of
EMD Lip alone. This suggests that PEG-modified EMD can effectively reduce the side effects observed with
the parental drug. In addition, PEG–EMD Lip significantly decreased the levels of serum inflammatory factors,
oxidative stress induced by SAP, and the degree of damage to the pancreas and lung organized system.
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1. INTRODUCTION
Severe acute pancreatitis (SAP) is an aggressive pancreatic
inflammatory disease, characterized by edema and necro-
sis of pancreatic tissues. It is associated with a dangerous
rapid onset and a high mortality rate [1–3]. SAP is accom-
panied by severe pancreatic injury, gastrointestinal bleed-
ing, septicemia, lung injury, and multiple organ failure
[4–6]. The mortality rate from SAP has reached approx-
imately 15%–20% over the past decade and remains a
serious threat to human health [7, 8]. Therefore, improv-
ing the effectiveness and prognosis of SAP treatment is an
important step to prolong the survival of patients.
Until recently, the treatment of SAP has focused pri-

marily on the maintenance of organ function and the use
of drugs for adjuvant therapy [9, 10]. Enzyme inhibitors
(e.g., Gabexate [11], ulinastatin [12, 13]) are used widely
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to treat SAP, and their effects are significant. However, the
intravenous injection of gabexate axetil may cause local
venous inflammation, allergy, chest tightness and dyspnea,
as well as other symptoms. Ulinastatin is often accom-
panied by nausea, vomiting, diarrhea, and other adverse
reactions, and affects the normal function of the vascu-
lar system. Therefore, it is essential to design and develop
specific drugs to safely and effectively slow the progres-
sion of pancreatitis.
Emodin (EMD), a natural onion derivative, is the active

ingredient of several medicinal plants, including palm,
polygonum multiflorum, and cassia seeds [14–17]. EMD
exhibits diverse pharmacological properties including anti-
inflammation, bacteriostasis, antioxidant, and nerve repair
activities [18–21]. However, the side effects of EMD
including hepatotoxicity are particularly significant at high
doses and frequent administration. Polyethylene glycol
(PEG) is a high-molecular-weight polymer with good
water solubility, biocompatibility, moisture retention, and
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Fig. 1. Inflammatory reaction and associated lung injury in severe acute pancreatitis.

dispersion [22–24]. These excellent physical and chemi-
cal properties have clinical benefits in the field of nano-
pharmaceutical development.
Based on its favorable hydrophilicity properties, PEG

was grafted with EMD to form a PEG–EMD liposome
composite nano-drug to reduce the toxicity observed with
unmodified EMD. We evaluated PEG–EMD Lip in a rat
model of SAP with respect to its anti-inflammatory and
protective effects on pancreatic and lung tissue (Fig. 1).

2. MATERIALS AND METHODS
2.1. Reagents and Instruments
EMD, anhydrous ethanol, normal saline, glucose, sodium
chloride injection, and tetrazolium (MTT) were obtained
from the Shanghai McLean Biochemical Technology Co.,
Ltd. (Shanghai, China). PEG was obtained from the Jinan
Century Tongda Chemical Co., Ltd. (Shandong, China).
RAW264.7 mononuclear macrophages were obtained from
the Hunan Fenghui Biotechnology Co., Ltd. (Hunan,
China). Phosphate-buffered saline (PBS) solution and
dimethyl sulfoxide (DMSO) solution were obtained from
the Shandong Johnson Chemical Co., Ltd. (Shandong,
China). Wistar rats were obtained from the Kaixue
Biotechnology Co., Ltd. (Shanghai, China). Caerulein
(Cn) was obtained from the Beijing Solebo Technology
Co., Ltd. (Beijing, China). Lipopolysaccharide (LPS) was
obtained from the Shanghai Jizhi Biochemical Technol-
ogy Co., Ltd. (Shanghai, China). The ELISA kit was
obtained from the Quanzhou Ruixin Biotechnology Co.,
Ltd. (Fujian, China). The Multiskan Sky full-wavelength
enzyme-labeling instrument was obtained from Semel
Fisher Technologies (Massachusetts, USA). The oven was
obtained from the Shanghai Jinwen Instrument and Equip-
ment Co., Ltd. (Shanghai, China).

2.2. Preparation of PEG-EMD Lip
PEG–EMD Lip was prepared by a thin-film dispersion
ultrasonic method. Briefly, PEG and EMD were dissolved
in 10 mL anhydrous ethanol at a mass ratio of 5:2, respec-
tively. The uniform thin film was obtained by the decom-
pression and rotary evaporation of the solvent at 45 �C,
and then hydration at normal pressure for 16 min with

normal saline. PEG-EMD Lip was obtained by ultrasonic
filtration for 5 min (power: 300 W).

2.3. In Vitro Studies
2.3.1. Cell Culture
Frozen RAW264.7 mononuclear macrophages were cul-
tured in Dulbecco’s modified Eagle’s medium at 37 �C and
5% CO2. After continuous culture for 36 h, the medium
was changed every other day and cell growth was moni-
tored each day. When the cells reached 80% confluence,
the cells were subcultured and used for experiments.

2.3.2. Cell Viability Tests
RAW264.7 cells in the logarithmic growth phase were
seeded in 96-well plates at a density of 1.0×105 cells/well.
After 20 h, the culture medium was removed and a PEG–
EMD Lip solution was added at a range of concentrations
(5.0, 10, 15, 20, 25 �g/mL). The EMD Lip and PEG–EMD
Lip groups were established and cultured for 1 day. After
removing the supernatant, 200 �L of 0.50% MTT solution
was added to the wells. After incubation for 3 h, DMSO
solution was added at a concentration of 150 �L/well. The
plates were shaken evenly, the OD values at 490 nm were
measured with an enzyme-labeling instrument, and the cell
viability was calculated.

2.4. In Vivo Studies
2.4.1. Construction of SAP Model Rats
Forty-eight wistar rats aged 5–6 weeks were selected for
the study. After the rats were adaptively fed for 1 week,
the SAP model was established. Twelve rats were assigned
randomly to a control group. The remaining rats were
injected intraperitoneally with Cn at a concentration of 40
�g/kg once every 2 h for a total of six times. After the
sixth injection, LPS was injected intraperitoneally at a con-
centration of 8 mg/kg. The handling and disposal of the
rats were consistent with international ethical and moral
standards.

2.4.2. Treatment of Rats
The SAP model rats were distributed randomly into three
groups based on their body weight: a model group, an
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EMD Lip group, and a PEG-EMD Lip group, with 12 rats
in each group. The rats were treated immediately. Rats in
the control and model groups received an intraperitoneal
injection of glucose and sodium chloride (2.0 mg/kg).
The rats in the EMD Lip group were given equivalent
doses of EMD Lip. The rats in the PEG–EMD Lip group
were administered equivalent doses of PEG-EMD Lip
intraperitoneally.

2.4.3. Detection of Inflammatory Cytokines
Fresh blood (0.1 mL) was collected from the retroor-
bital venous plexus before and after treatment. The blood
was centrifuged at high speed and the supernatant was
extracted. The assay was performed by following the
ELISA kit instructions for the inflammatory factor con-
tent, which included tumor necrosis factor-� (TNF-�) and
interleukin-6 (IL-6).

2.4.4. Detection of Oxidative Stress Index in Pancreatic
Tissue

After anesthesia, the pancreatic tissue of the treated rats
was removed surgically. After rinsing with PBS solution,
a tissue homogenate was prepared. The supernatant was
obtained by centrifugation and the activities of superox-
ide dismutase (SOD) and glutathione peroxidase (GSH-Px)
and the content of malondialdehyde (MDA) were mea-
sured by chemical colorimetry.

2.4.5. Determination of Wet-Dry Weight Ratios of
Pancreas and Lung Tissues

After 6 days of treatment, the rats were decapitated. The
pancreas and lung tissues were dissected and collected
into a dish containing normal saline. After absorbing water
from the surface of the tissue, the pancreas and lung tis-
sues were weighed to obtain the wet weights. The tissue
was placed in a 60 �C oven for 2 days and the mass was
reweighed to obtain their dry weight. The wet–dry weight
(W/D) ratio of the pancreas and lung tissue was calculated.

2.5. Statistical Methods
SPSS 26.0 statistical software (IBM SPSS Inc., Chicago,
IL, U.S.A.) was used for data processing and analysis. A
t-test was used to compare the data (mean±SD). P < 0.05
was considered statistically significant.

3. RESULTS AND DISCUSSION
3.1. Cell Activity
The effects of PEG-EMD Lip on the activity of cultured
RAW264.7 cells were determined by the MTT assay, and
the results are shown in Figure 2. The results indicated that
a single EMD Lip dose exhibited greater cytotoxicity. The
activity of RAW 264.7 was associated with the concentra-
tion of EMD Lip. However, EMD Lip modified by PEG
exhibited a decreased effect on the activity of RAW264.7

Fig. 2. Effects of various concentrations of pegylated emodin lipo-
somes (PEG-EMD Lip) on the activity of RAW264.7 cells.

cells (P < 0.05), which suggested that the PEG–EMD Lip
treatment of SAP is associated with reduced toxicity and
side effects.

3.2. Measurement of Inflammatory Markers
Inflammatory cytokines (TNF-�, IL-6) are important
chemical factors involved in vascular and leukocyte
reactions. They mediate the inflammatory response by
damaging organs and affecting their normal physiologi-
cal function. The TNF-� and IL-6 levels in the serum of
rats were measured by ELISA, and the results are pre-
sented in Figure 3. Compared with the model group, the
level of TNF-� in the blood decreased in the EMD Lip
and PEG–EMD Lip groups (P < 0.05), particularly in
the PEG–EMD Lip group (Figs. 3(A and B)). Compared
with the model group, the expression level of IL-6 also
showed a downward trend in the EMD Lip and PEG-
EMD Lip groups, and PEG-EMD Lip was the most effec-
tive at controlling the expression of inflammatory factors
(P < 0.05).

3.3. Detection of Oxidative Stress in Pancreatic Tissue
Pancreatic injury affects the antioxidant function of tissues.
The oxidative stress indices of pancreatic tissue (MDA,
GSH-Px, and SOD) were measured to evaluate the effect
of PEG-EMD Lip on SAP rat pancreatic tissue (Fig. 4).
Compared with the control group, the activities of SOD
and GSH-Px in the pancreatic tissue of the model group
were decreased with a high MDA status (P < 0.05). In
SAP rats treated with EMD Lip and PEGEMD Lip, the
activities of SOD and GSH-Px in the pancreatic tissue
were increased significantly and the secretion of MDA
was controlled (Figs. 4(A–C)). However, the variation of
each index was larger in the EMD Lip and PEG-EMD
Lip groups (P < 0.05), whereas PEG-EMD Lip was more
effective in relieving oxidative stress in rat pancreatic
tissue.
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Fig. 3. Detection of factors involved in inflammation: (A) tumor necrosis factor-� (TNF-�) and (B) interleukin-6 (IL-6).

3.4. Determination of W/D in Rat Pancreas and Lung
Tissues

The W/D values of the pancreas and lung tissues were
determined to evaluate the degree of damage (Fig. 5).
Compared with the control group, the wet weight of the
pancreas and lung tissues in the model group increased sig-
nificantly and resulted in a significant increase in the W/D
ratio (P < 0.05). The analysis demonstrated that the water
content in the pancreas and lung tissues was increased,
whereas the pancreas and lung tissues were damaged sig-
nificantly (Figs. 5(A and B)). After the SAP rats were
treated with EMD Lip and PEG-EMD Lip, the W/D ratio
decreased significantly (P < 0.05), and the drug had a

Fig. 4. Detection of oxidative stress indices of pancreatic tissue: (A) malondialdehyde (MDA); (B) glutathione peroxidase (GSH-Px); and (C) super-
oxide dismutase (SOD).

significant effect on protecting the pancreas and lung tis-
sues. PEG–EMD Lip exhibited significantly reduced dam-
age in the SAP rats’ pancreas and lung tissue.

3.5. Discussion
The complexity of SAP often results in unpredictable dam-
age in patients. In recent years, the treatment of SAP
has evolved toward a multidisciplinary, minimally invasive,
rapid, and timely approach. Yet the fatality ratio of SAP
remains high. Therefore, we prepared PEG-loaded EMD
Lip to explore their potential application in the treatment
of SAP.

1384 Mater. Express, Vol. 11, pp. 1381–1386, 2021



IP: 192.168.39.211 On: Sat, 13 Nov 2021 02:11:13
Copyright: American Scientific Publishers

Delivered by Ingenta

Materials Express
Study on the effect of polyethylene glycol emodin in the treatment of SAP in rats
Ding and Lu

A
rticle

Fig. 5. Determination of the wet-dry (W/D) weight ratio of pancreas and lung tissue in rats: (A) W/D of pancreatic tissue and (B) W/D of lung
tissue.

Previous studies have shown that an imbalance in
immune regulation is a key factor in the death of patients
with SAP. TNF-�, which is produced mainly by activated
macrophages and lymphocytes, is a common inflammatory
mediator that regulates the inflammatory response. IL-6, a
cytokine with a wide range of functions, is a key player
in regulating the immune imbalance. In the present study,
high levels of TNF-� and IL-6 in the serum of SAP rats
predicted the severity of the inflammatory response. How-
ever, TNF-� and IL-6 levels decreased in rats treated with
PEG–EMD Lip, indicating that PEG–EMD Lip inhibits
inflammation effectively.
The pancreas is a vital organ in the body [25–28]. Many

components, such as islets, pancreatic cells, and pancre-
atic ducts, are scattered on the surface of the tissue and
renders it extremely sensitive to oxidative stress [29, 30].
We found that the activities of SOD and GSH-Px in the
SAP rats were very low and the MDA level was markedly
elevated, which indicated that oxidative stress was a sig-
nificant problem in the rats. PEG–EMD Lip treatment sig-
nificantly increased the activities of SOD and GSH-Px
and reduced MDA levels, which resulted in an enhanced
antioxidant capacity of pancreatic tissue and reduced the
damage of SAP to vital organs.
SAP not only causes damage to the pancreatic tissue but

is also associated with lung injury and other complications,
which if serious enough, will lead to organ failure. Treat-
ment with PEG–EMD Lip can alleviate the inflammatory
and oxidative stress reactions, which ameliorate damage to
the local pancreatic tissue and distant organs, while reduc-
ing SAP-induced mortality.
In summary, PEG–EMD Lip has significant activity in

the treatment of SAP. It affects immune regulation, alle-
viates inflammatory and oxidative stress, and provides a
strategy for physicians to treat SAP. Through additional
studies, we hope to provide an effective treatment for clin-
ical use.

4. CONCLUSION
We prepared polyethylene glycol–emodin liposomes
(PEG–EMD Lip). These composite nano-drugs exhib-
ited reduced cytotoxicity and ameliorated the serious side
effects of the standard EMD drug. PEG–EMD Lip was
evaluated in SAP model rats with respect to the production
of inflammatory factors that regulate the immune system.
The composite nano-drug exhibited a significant effect in
alleviating oxidative stress in pancreatic tissue and pro-
tected the pancreas and lung tissue from injury.

Ethical Compliance
Research experiments conducted in this article with
humans were approved by the Medical Ethics Committee
of the Hwa Mei Hospital, University of Chinese Academy
of Sciences following all guidelines, regulations, legal, and
ethical standards as required for animals.

Conflicts of Interest
There are no conflicts to declare including any competing
financial interest.

Acknowledgment: This work is grateful to Hwa Mei
Hospital, University of Chinese Academy of Sciences and
Liaocheng People’s Hospital for their great support in
terms of instruments and technology.

References and Notes
1. Hong, Y., Chen, C., Guo, W., Zhao, L., Mei, F., Xiang, M. and Wang,

W., 2016. Effects of castanospermine on inflammatory response in
a Rat model of experimental severe acute pancreatitis. Archives of
Medical Research, 47(6), pp.436–445.

2. Qian, D., Song, G., Ma, Z., Wang, G., Jin, L., Hu, M., Song, Z. and
Wang, X., 2018. Microrna-9 modified bone marrow-derived mes-
enchymal stem cells (BMSCs) repair severe acute pancreatitis (SAP)
via inducing angiogenesis in rats. Stem Cell Research and Therapy,
9, p.282.

3. Hou, C., Zhu, X., Shi, C., Peng, Y., Huang, D., Li, Q. and Miao,
Y., 2019. Iguratimod (T-614) attenuates severe acute pancreati-
tis by inhibiting the NLRP3 inflammasome and NF-�B pathway.
Biomedicine and Pharmacotherapy, 119, p.109455.

Mater. Express, Vol. 11, pp. 1381–1386, 2021 1385



IP: 192.168.39.211 On: Sat, 13 Nov 2021 02:11:13
Copyright: American Scientific Publishers

Delivered by Ingenta

Materials Express
Study on the effect of polyethylene glycol emodin in the treatment of SAP in rats

Ding and Lu

A
rt
ic
le

4. Chen, K., Lv, Z., Yang, H., Liu, Y., Long, F., Zhou, B., Sun, X.,
Peng, Z., Zhou, Z. and Li, Y., 2016. Effects of tocilizumab on exper-
imental severe acute pancreatitis and associated acute lung injury.
Critical Care Medicine, 44(8), pp.e664–e677.

5. Li, L., Yu, J., Mu, R. and Dong, S., 2017. Clinical effect of elec-
troacupuncture on lung injury patients caused by severe acute pan-
creatitis. Evidence-Based Complementary and Alternative Medicine,
2017, p.3162851.

6. Hu, J., Zhang, Y., Miao, Y., Zhu, L., Yi, X., Chen, H., Yang, X., Wan,
M. and Tang, W., 2020. Effects of Yue-bi-tang on water metabolism
in severe acute pancreatitis rats with acute lung-kidney injury. World
Journal of Gastroenterology, 26(43), pp.6810–6821.

7. Heckler, M., Hackert, T., Hu, K., Halloran, C.M., Büchler, M.W.
and Neoptolemos, J.P., 2020. Severe acute pancreatitis: Surgical indi-
cations and treatment. Langenbeck’s Archives of Surgery, 406(3),
pp.521–535.

8. Yasuda, H., Horibe, M., Sanui, M., Sasaki, M., Suzuki, N., Sawano,
H., Goto, T., Ikeura, T., Takeda, T., Oda, T., Ogura, Y., Miyazaki,
D., Kitamura, K., Chiba, N., Ozaki, T., Yamashita, T., Koinuma,
T., Oshima, T., Yamamoto, T., Hirota, M., Sato, M., Miyamoto, K.,
Mine, T., Misumi, T., Takeda, Y., Iwasaki, E., Kanai, T. and Mayumi,
T., 2020. Etiology and mortality in severe acute pancreatitis: A mul-
ticenter study in Japan. Pancreatology, 20(3), pp.307–317.

9. Leppäniemi, A., Tolonen, M., Tarasconi, A., Segovia-Lohse, H.,
Gamberini, E., Kirkpatrick, A.W., Ball, C.G., Parry, N., Sartelli, M.,
Wolbrink, D., van Goor, H., Baiocchi, G., Ansaloni, L., Biffl, W.,
Coccolini, F., Di Saverio, S., Kluger, Y., Moore, E. and Catena, F.,
2019. 2019 WSES guidelines for the management of severe acute
pancreatitis. World Journal of Emergency Surgery, 14, p.27.

10. Portelli, M. and Jones, C.D., 2017. Severe acute pancreatitis: Patho-
genesis, diagnosis and surgical management. Hepatobiliary and Pan-
creatic Diseases International, 16(2), pp.155–159.

11. Wang, G., Liu, Y., Zhou, S., Qiu, P., Xu, L., Wen, P., Wen, J. and
Xiao, X., 2016. Effect of somatostatin, ulinastatin and gabexate on
the treatment of severe acute pancreatitis. The American Journal of
the Medical Sciences, 351(5), pp.506–512.

12. Yao, J. and Li, W., 2019. Efficacy of ulinastatin for the treatment of
patients with severe acute pancreatitis. Medicine, 98(43), p.e17644.

13. Lagoo, J.Y., D’souza, M.C., Kartha, A. and Kutappa, A.M., 2018.
Role of ulinastatin, a trypsin inhibitor, in severe acute pancreatitis
in critical care setting: A retrospective analysis. Journal of Critical
Care, 45, pp.27–32.

14. Dong, X., Fu, J., Yin, X., Cao, S., Li, X., Lin, L. and Ni, H.A.J.,
2016. Emodin: A review of its pharmacology, toxicity and pharma-
cokinetics. Phytotherapy Research, 30(8), pp.1207–1218.

15. Luo, N., Fang, J., Wei, L., Sahebkar, A., Little, P.J., Xu, S., Luo,
C. and Li, G., 2021. Emodin in atherosclerosis prevention: Phar-
macological actions and therapeutic potential. European Journal of
Pharmacology, 890, p.173617.

16. Cui, Y., Chen, L.J., Huang, T., Ying, J.Q. and Li, J., 2020. The
pharmacology, toxicology and therapeutic potential of anthraquinone
derivative emodin. Chinese Journal of Natural Medicines, 18(6),
pp.425–435.

17. Guan, R., Zhao, X., Wang, X., Song, N., Guo, Y., Yan, X., Jiang, L.,
Cheng, W. and Shen, L., 2016. Emodin alleviates bleomycin-induced
pulmonary fibrosis in rats. Toxicology Letters, 262, pp.161–172.

18. Chen, Y., Zhang, T., Wu, L., Huang, Y., Mao, Z., Zhan, Z., Chen,
W., Dai, F., Cao, W., Cao, Y., Liu, S., Cai, Z. and Tang, L.,
2020. Metabolism and toxicity of emodin: Genome-wide association
studies reveal hepatocyte nuclear factor 4� regulates UGT2B7 and
emodin glucuronidation. Chemical Research in Toxicology, 33(7),
pp.1798–1808.

19. Liu, W., Fan, Z., Gao, F., Ou, L., Li, M., Zhou, X., Luo, W., Wei,
P. and Miao, F., 2019. Emodin inhibits zinc-induced neurotoxic-
ity in neuroblastoma SH-SY5Y cells. Bioscience Reports, 39(5),
p.BSR20182378.

20. Wei, G., Wu, Y., Gao, Q., Zhou, C., Wang, K., Shen, C., Wang,
G., Wang, K., Sun, X. and Li, X., 2017. Effect of emodin on pre-
venting postoperative intra-abdominal adhesion formation. Oxidative
Medicine and Cellular Longevity, 2017, p.1740317.

21. Li, Q., Gao, J., Pang, X., Chen, A. and Wang, Y., 2020. Molecular
mechanisms of action of emodin: As an anti-cardiovascular disease
drug. Frontiers in Pharmacology, 11, p.559607.

22. Xu, L., Yang, J., Xue, B., Zhang, C., Shi, L., Wu, C., Su, Y., Jin,
X., Liu, Y. and Zhu, X., 2017. Molecular insights for the biologi-
cal interactions between polyethylene glycol and cells. Biomaterials,
147, pp.1–13.

23. D’souza, A.A. and Shegokar, R., 2016. Polyethylene glycol (PEG):
A versatile polymer for pharmaceutical applications. Expert Opinion
on Drug Delivery, 13(9), pp.1257–1275.

24. Chen, Y., Zhang, T., Wu, L., Huang, Y., Mao, Z., Zhan, Z., Chen,
W., Dai, F., Cao, W., Cao, Y., Liu, S., Cai, Z. and Tang, L.,
2020. Metabolism and toxicity of emodin: Genome-wide association
studies reveal hepatocyte nuclear factor 4� regulates UGT2B7 and
emodin glucuronidation. Chemical Research in Toxicology, 33(7),
pp.1798–1808.

25. Newsholme, P., Keane, K.N., Carlessi, R. and Cruzat, V., 2019.
Oxidative stress pathways in pancreatic �-cells and insulin-sensitive
cells and tissues: Importance to cell metabolism, function, and dys-
function. American Journal of Physiology: Cell Physiology, 317(3),
pp.C420–C433.

26. Jouvet, N. and Estall, J.L., 2017. The pancreas: Bandmaster of glu-
cose homeostasis. Experimental Cell Research, 360(1), pp.19–23.

27. Miceli, V., Pampalone, M., Frazziano, G., Grasso, G., Rizzarelli,
E., Ricordi, C., Casu, A., Iannolo, G. and Conaldi, P.G., 2018.
Carnosine protects pancreatic beta cells and islets against oxidative
stress damage. Molecular and Cellular Endocrinology, 474, pp.105–
118.

28. Plecitá-Hlavatá, L., Engstová, H., Ježek, J., Holendová, B., Tauber,
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