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Abstract

Background: According to the international diabetes federation, 629 million adults will suffer from diabetes by 2045. Wet cupping
therapy is a combination of bleeding and dry cupping and has been used in traditional medicine as a complementary therapy for
diabetes. Limonene was shown to have both antioxidant and antidiabetic activity but its potential alongside other treatments has
not been thoroughly explored.
Objectives: Although wet-cupping therapy is widely used under different conditions, its potential in the treatment of diabetes is
not well-examined.
Methods: Male Wistar rats were then injected with alloxan and nicotinamide to induce diabetes. After cupping, the rats’ serum
nitric oxide, creatinine, SGPT, SGOT, cholesterol, triglyceride, glucose, GPX, urea, and HDL levels were determined. The glutathione,
catalase, glutathione peroxidase, malondialdehyde, and protein level of the serum, renal, and liver were then measured.
Results: The results showed a significant differences in serum glucose levels among the diabetic rats receiving wet cupping and
limonene, in serum glutathione levels in diabetic rats receiving limonene or limonene and wet cupping compared to the dia-
betic rats, in liver GSH levels in control rats receiving limonene and wet cupping, in the liver GPX activity in control rats receiving
limonene, and in liver catalase activity in control rats receiving limonene and wet cupping compared to control group. There was
no significant change in serum NO, protein, creatinine, SGPT, SGOT, cholesterol, triglyceride MDA, urea, catalase, HDL, renal GSH,
MDA, catalase, liver protein, and MDA Level.
Conclusions: The findings of the present study suggested that a combination of limonene and wet cupping therapy could be pre-
sented as an agent to lower elevated blood glucose levels in diabetic rats. Further clinical studies are required to confirm the find-
ings.
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1. Baclground

Cupping is a therapeutic intervention in traditional
medicine, which dates back to more than four thousand
years ago (1); however, the therapeutic mechanism of cup-
ping is not yet fully understood (2). Wet cupping low-
ers blood pressure in tissues and discharge inflammatory
agents, thereby improving lymph and blood flow (3). There
are seven major types of cupping in China, each of which
may be used for different therapeutic purposes. In bleed-
ing cupping (or wet cupping), practitioners make small in-
cisions with a triangular-edged needle on the skin to make

the tissues bleed (4).

In this regard, serious life-threatening health diffi-
culties are more likely among individuals with diabetes,
which would significantly affect the therapeutic care cost,
lower the quality of life and enhance mortality (5-8). Ev-
idence implies that the production of reactive oxygen
species (oxidative stress) can exacerbate hyperglycemia
and increase the risk of diabetes complications (microvas-
cular or cardiovascular) (9). Oxidative stress, which results
from an imbalance between the production of free radicals
and the body’s defense of antioxidants, plays a vital role in
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developing diabetes complications (10).

Limonene, as a cyclic monoterpene, possesses antiox-
idant activity (11, 12). Limonene is also a protein glycation
inhibitor preventing diabetes (13, 14).

Diabetes is acknowledged as one of the significant
causes of mortality worldwide. Given the complications as-
sociated with existing medications, the search for alterna-
tive therapies seems to be necessary (15). For many years,
cupping has been used in traditional medicine as a com-
plementary therapy for diabetes. However, this therapeu-
tic approach has not yet been well-studied (16).

2. Objectives

The present study aimed to investigate and compare
traditional medicine’s ancient procedures and the active
constituents of traditional herbs. Accordingly, the effect
of wet cupping on biochemical parameters and oxidative
stress in alloxan/nicotinamide-induced diabetic rats was
examined and compared with the effects of limonene and
the combination of wet cupping and limonene.

3. Methods

3.1. Animal Care

Sixty-four male Wistar rats, named Rattus norvegicus
allivias, with an average weight of 180 ± 20 g were pur-
chased from the Pasteur Institute of Tehran Province and
kept in the Animal Laboratory of the Razi Medicinal Plants
Research Center affiliated with the Lorestan University of
Medical Sciences. To accustom the rats to the storage con-
ditions, grouping was performed seven days before the ex-
periment. The rats were then kept under controlled con-
ditions of 23 ± 2°C and light conditions for 12 hours of
light and 12 hours of darkness with 50% humidity. The an-
imals were fed a commercial rodent feed with sufficient
water. Working with rats were in accordance with the
ethical instructions for working with laboratory animals
(IR.LUMS.REC.1395.181).

3.2. Animal Grouping

There were generally two groups of subjects with and
without cupping intervention. Sixty-four male Wistar rats
were divided into eight groups (n = 8): control (healthy),
limonene (600 mg/kg, o.p for eight weeks), cupping (three
times a week for eight weeks), cupping + limonene, dia-
betic, diabetic + limonene, diabetic + cupping, and dia-
betic + limonene + cupping groups.

3.3. Induction of Diabetes

To induce type-2 diabetes, alloxan and nicotinamide
were injected intraperitoneally at a dose of 120 and 50
mg/kg body weight, respectively (17). Blood glucose was
measured with a glucometer 72 hours after the onset of di-
abetes (animals with blood sugar > 250 mg/dL were con-
sidered diabetic and selected for treatment).

3.4. Cupping

First, the sacral part’s hair was shaved entirely to have
cupping in rats. After disinfection with alcohol, the af-
fected area was impregnated with lubricant gel to perform
the suction phase better. To restrain the animal, the lower
third of the tail was held by one person, and another per-
son grabbed the back of the animal’s neck with his thumb
and forefinger and cupped it with the other hand. To start
cupping, the site was first suctioned for 30 seconds using
a special cup with a 2-cm diameter, and then the cup was
removed using a sterile surgical blade No. 11. Then about 14
grooves with a length of 0.1 cm were made in the site, and
the suction step was performed for one minute. Finally, the
cupping site was also dressed with honey (18). Each animal
was cupped three times, every seven days, during the treat-
ment period.

3.5. Sample Collection

At the end of the eight-week treatment, the animals
in each group were intraperitoneally anesthetized with 8
mg/kg ketamine and 80 mg/kg xylazine. The blood sam-
ples were then obtained from the animals’ hearts and al-
lowed to clot for 20 minutes at room temperature. The
samples were centrifuged for 15 minutes at 3000 rpm
(4°C), and the serum was separated and kept at -20°C. Fur-
thermore, the animals’ livers and kidneys were collected
and homogenized for biochemical analysis. For each gram
of the tissue, 5 cc PBS solution was added and then homog-
enized using a homogenizer.

3.6. Biochemical Tests

Triglyceride, glucose, urea, protein, HDL, creatinine,
cholesterol, SGPT, and SGOT tests were performed using
Pars Azmun Co. kits (Tehran, Iran) and an autoanalyzer (ac-
cording to the kit protocol).

The glutathione peroxidase (GPx) activity was mea-
sured at 37°C according to Flohe and Guzzler’s method (19).

The Aebi method measured the Catalase activity by us-
ing h2o2 decomposition at 240 nm (20).

The serum glutathione was measured using the Ell-
man method, and the absorption was observed by an ELISA
reader at 412 nm and reported in micromoles per mil-
ligram of protein (21).
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This study evaluated the serum, liver, and renal con-
tents of malondialdehyde (MDA) according to the thiobar-
bituric acid (TBA) assay. The absorbance measurement was
performed spectrophotometrically at 532 nm (22).

Nitric oxide (NO) was assessed according to Griess
et al.’s method. For this purpose, 50 µL of Griess solu-
tion (1%sulfanilmide in 2.5% phosphoric acid solution)was
added to 100 µL of serum samples. After 10 minutes, 50 µL
N-Naphthyl-ethylenediamine dihydrochloride, phospho-
ric acid 0.1% was added, and its absorption was then read
at 540 nm (23).

3.7. Statistical Analysis

The results in this study are expressed as means ± SD.
The data were analyzed with the Statistical Package for the
Social Sciences (SPSS version 22.0, SPSS Inc., Chicago, IL,
USA) using one-way ANOVA and then Tukey post-hoc test.
In this study, P < 0.05 was set as the significance level.

4. Results

As presented in Table 1, there is no significant change in
serum nitric oxide, protein, creatinine, SGPT, SGOT, choles-
terol, triglyceride, and HDL levels; however, there is a sig-
nificant difference in serum glucose levels in diabetic rats
receiving the combination of limonene and wet cupping
therapy compared to the diabetic rats with or without
limonene or wet cupping (Figure 1).

As illustrated in Figure 2, there is a significant de-
crease in serum glutathione levels in diabetic rats receiv-
ing wet cupping and those receiving a combination of
limonene and wet cupping therapy compared to those
with no treatments. In the diabetic rats, the combination
of limonene and wet cupping significantly lowered serum
glutathione levels. However, there was an insignificant in-
crease in healthy rats with wet cupping and limonene ther-
apy. While diabetic rats treated with limonene showed
higher MDA levels, there was no significant improvement.

Diabetic rats treated with wet cupping alone had sig-
nificantly lower serum MDA levels than those treated with
limonene alone (Figure 2). As shown in Figure 1, the urea
level w insignificantly reduced in diabetic rats receiving
the combination of limonene and wet cupping; however,
the highest urea level was observed in diabetic rats receiv-
ing wet cupping had a significant difference compared to
healthy rats. Although there was a significant difference
in serum CAT activity in both diabetic rats that received
limonene and those with the combination of limonene
and wet cupping therapy compared to the control group,
there were no significant changes compared to diabetic
rats. While serum glutathione peroxidase activity did not

improve significantly, GPX activity in healthy rats was sig-
nificantly higher in the limonene group compared to the
wet cupping-limonene group (Figure 2).

In Table 2, there was no significant change in the re-
nal GSH, MDA, CAT, and GPX levels and activities; however,
there was a significant decrease in the renal protein level
of diabetic rats receiving limonene in comparison to the
healthy rats (Figure 3).

However, liver protein levels showed no significant
change (Table 3). There was a significant decrease in liver
GSH levels in healthy rats receiving limonene combined
with wet cupping therapy (Figure 4). Healthy rats that re-
ceived limonene had the lowest liver MDA level, and no sig-
nificant changes were seen compared to the control rats
(Figure 4). Limonene induced GPX activity in healthy rat
livers; although GPX activity was induced in diabetic rats
receiving wet cupping therapy by 14%, it was not signif-
icant. Liver GPX activity was significantly higher in dia-
betic rats treated with cupping than in diabetic rats treated
with limonene (Figure 4). Liver CAT activity was signifi-
cantly induced in healthy rats that received a combination
of limonene and wet cupping compared to the control and
control + limonene groups (Figure 4).

5. Discussion

Our findings revealed that the combination of
limonene and wet cupping was significantly more ef-
fective in lowering blood glucose levels in diabetic rats
than either limonene or wet cupping alone. Our results
showed no significant difference in blood glucose levels
in rats treated with wet cupping or limonene therapy
on diabetic rats, which is in line with the results of an-
other study conducted with 21 participants treated with
wet cupping in 2019 (24). However, a previous study
presented limonene as a potential antidiabetic agent in
streptozotocin-induced diabetic rats (25). The combina-
tion of wet cupping and limonene proved to be effective,
which could be researched as a promising approach for
the treatment of diabetes in the future.

In this study, our results indicated the significance of
wet cupping and its combination with limonene in de-
creasing the amount of serum glutathione in rats com-
pared to the diabetic group; also, the combination of
limonene and wet cupping indicated a significant de-
crease in liver glutathione level in healthy rats.

Liver GPX activity was induced in healthy rats who
received limonene. The combination of limonene and
wet cupping also proved to increase CAT activity in liver
samples of healthy rats. Although GPX and CAT activity
changed favorably, MDA showed no significant changes,
and there was even a reduction in glutathione level.
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Table 2. Renal Biochemical Parameters

Variables Mean ± SD P-Value

Glutathione 0.007

Control 0.87 ± 0.09

Diabetes 1.01 ± 0.27

Control + wet cupping 0.89 ± 0.10

Diabetes + wet cupping 0.77 ± 0.14

Diabetes + limonen 1.05 ± 0.09

Control + limonen 0.97 ± 0.18

Diabetes + limonen + wet cupping 1.02 ± 0.35

Control + limonen + wet cupping 1.21 ± 0.25

Malondialdehyde 0.221

Control 0.12 ± 0.03

Diabetes 0.11 ± 0.03

Control + wet cupping 0.12 ± 0.02

Diabetes + wet cupping 0.11 ± 0.03

Diabetes + limonen 0.12 ± 0.02

Control + limonen 0.12 ± 0.01

Diabetes + limonen + wet cupping 0.10 ± 0.02

Control + limonen + wet cupping 0.13 ± 0.01

Glutathione peroxidase 0.008

Control 0.44 ± 0.04

Diabetes 0.48 ± 0.04

Control + wet cupping 0.39 ± 0.03

Diabetes + wet cupping 0.41 ± 0.04

Diabetes + limonen 0.51 ± 0.02

Control + limonen 0.50 ± 0.05

Diabetes + limonen + wet cupping 0.53 ± 0.22

Control + limonen + wet cupping 0.39 ± 0.03

Catalase 0.016

Control 0.94 ± 0.13

Diabetes 1.02 ± 0.16

Control + wet cupping 1.17 ± 0.11

Diabetes + wet cupping 0.98 ± 0.25

Diabetes + limonen 0.94 ± 0.10

Control + limonen 0.96 ± 0.09

Diabetes + limonen + wet cupping 1.09 ± 0.23

Control + limonen + wet cupping 1.23 ± 0.30

Table 3. Liver Biochemical Parameters

Variables Mean ± SD P-Value

Protein 0.206

Control 0.90 ± 0.26

Diabetes 0.83 ± 0.09

Control + wet cupping 0.95 ± 0.16

Diabetes + wet cupping 0.92 ± 0.17

Diabetes + limonen 0.92 ± 0.23

Control + limonen 0.70 ± 0.28

Diabetes + limonen + wet cupping 1.00 ± 0.23

Control + limonen + wet cupping 0.91 ± 0.17
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Figure 1. Effect of limonene and wet cupping on serum biochemical parameters (values are given as means ± SD for eight rats in each group).

There was an insignificant 17% increase in liver GSH
level of diabetic rats with limonene and a 19.6% increase
in diabetic rats with a combination of limonene and wet
cupping compared to diabetic rats. Also, there was a 39%
increase in renal GSH level in healthy rats which received
a combination of limonene and wet cupping compared to
rats with no treatment.

A 2017 study by Bacanlı et al. showed no signifi-
cant changes in MDA level and increased CAT activity in
streptozotocin-induced diabetic rats, which is in line with
our study. However, there was a significant increase in GSH
level. Although our results showed an increased level of
the liver and renal GSH, no significant increase was ob-
served (26).

In previous studies, wet cupping therapy was used as a
promising approach in reducing oxidative stress such as a
study by Ersoy et al. in 2019 that 24 participants were ap-
plied to wet cupping therapy once every month for three
months. Measurement of malondialdehyde, total oxidant
status, glutathione, superoxide dismutase, total antioxi-
dant status, CAT activities showed a significant improve-
ment in second cupping blood for these parameters com-
pared to initial values (27).

Nitric oxide serum level changes were insignificant;
however, in a 2014 study by Tagil et al., which was con-
ducted on 31 healthy volunteers, there was a significant in-
crease in nitric oxide and malondialdehyde venous blood

levels (3). Results also showed no significant changes in
protein levels in blood, renal, or liver samples. Although
the human model study results on the wet cupping effect
on urea and creatinine showed a significant decrease, our
results indicated no substantial change. However, an in-
crease was observed in the urea level in diabetic rats receiv-
ing wet cupping therapy compared to control groups (28).
Liver enzymes SGPT and SGOT did not substantially change
during this study (29).

Our results also demonstrated no significance in
cholesterol, triglyceride, and HDL concentration, similar
to two other studies conducted in 2007 and 2012 (30, 31).
In another study by Rahman et al., wet cupping effects
were investigated in 50 males and 50 female patients aged
between 35 and 55 years diagnosed with hyperglycemia,
diabetes, and high blood pressure. Wet cupping signifi-
cantly reduced cholesterol, triglyceride, urea, and creati-
nine, conflicting with our results (32).

5.1. Conclusions

Our results showed no significant reduction in blood
glucose level with neither wet cupping nor limonene ther-
apy, but combining these two therapies showed effective-
ness, introducing wet cupping-limonene therapy as an
agent for lowering elevated blood glucose levels in diabetic
rats. Although liver catalase and glutathione peroxidase
level was induced in healthy rats, malondialdehyde and ni-
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Figure 2. Effect of limonene and wet cupping on serum oxidative stress (values are given as means ± SD for eight rats in each group).
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Figure 4. Effect of limonene and wet cupping on Liver oxidative stress (values are given as means ± SD for eight rats in each group).

tric oxide levels showed no significant changes. Also, there
was a decrease in glutathione levels in both liver and blood,
which rejected these two therapies as a promising treat-
ment for oxidative stress. Wet cupping and limonene also
showed no promising results in the level of protein, urea,
creatinine, SGPT, SGOT, cholesterol, triglyceride, and HDL.

Footnotes

Authors’ Contribution: Conceptualization, A. A. K., M.A.;
Methodology, M.A., F. H. M., F. B., A.N.; Analysis, MB; Admin-
istrative support, H. A., SB; Supervision, A. A. K., Writing, A.
N.; Review and editing, all authors.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: Working with rats was accord-
ing to the Ethical Instructions for Working with
Laboratory Animals (IR.LUMS.REC.1395.181; link:
rpis.research.ac.ir/Researcher.php?id=832237).

Funding/Support: This research did not receive any fi-
nancial support.

References

1. Almaiman AA. Proteomic effects of wet cupping (Al-hijamah).
Saudi Med J. 2018;39(1):10–6. [PubMed: 29332103]. [PubMed Central:
PMC5885108]. https://doi.org/10.15537/smj.2018.1.21212.

2. Cao H, Li X, Liu J. An updated review of the efficacy of cupping ther-
apy. PLoS One. 2012;7(2). e31793. [PubMed: 22389674]. [PubMed Central:
PMC3289625]. https://doi.org/10.1371/journal.pone.0031793.

3. Tagil SM, Celik HT, Ciftci S, Kazanci FH, Arslan M, Erdamar N, et
al. Wet-cupping removes oxidants and decreases oxidative stress.
Complement Ther Med. 2014;22(6):1032–6. [PubMed: 25453524].
https://doi.org/10.1016/j.ctim.2014.10.008.

4. Cao H, Han M, Li X, Dong S, Shang Y, Wang Q, et al. Clinical research
evidence of cupping therapy in China: a systematic literature review.
BMC Complement Altern Med. 2010;10:70. [PubMed: 21078197]. [PubMed
Central: PMC3000376]. https://doi.org/10.1186/1472-6882-10-70.

5. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes
JD, Ohlrogge AW, et al. IDF Diabetes Atlas: Global estimates
of diabetes prevalence for 2017 and projections for 2045. Di-
abetes Res Clin Pract. 2018;138:271–81. [PubMed: 29496507].
https://doi.org/10.1016/j.diabres.2018.02.023.

6. Ahmadi K, Soleimani A, Soleimani Motlagh S, Baharvand Ah-
madi S, Almasian M, Kiani AA. Polymorphisms of Pre-miR-499
rs3746444 T/C and Pre-miR-146a rs2910164 C/G in the Autoimmune

Jundishapur J Nat Pharm Prod. 2022; 17(4):e122231. 7

http://www.ncbi.nlm.nih.gov/pubmed/29332103
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885108
https://doi.org/10.15537/smj.2018.1.21212
http://www.ncbi.nlm.nih.gov/pubmed/22389674
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3289625
https://doi.org/10.1371/journal.pone.0031793
http://www.ncbi.nlm.nih.gov/pubmed/25453524
https://doi.org/10.1016/j.ctim.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/21078197
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3000376
https://doi.org/10.1186/1472-6882-10-70
http://www.ncbi.nlm.nih.gov/pubmed/29496507
https://doi.org/10.1016/j.diabres.2018.02.023


Alizadeh M et al.

Diseases of Rheumatoid Arthritis and Systemic Lupus Erythe-
matosus in the West of Iran. Iran J Public Health. 2020;49(4):782–
90. [PubMed: 32548059]. [PubMed Central: PMC7283177].
https://doi.org/10.18502/ijph.v49i4.3186.

7. Soltanpour MS, Soheili Z, Pourfathollah AA, Samiei S, Meshkani R,
Kiani AA, et al. The A1298C Mutation in Methylenetetrahydrofo-
late Reductase Gene and Its Association With Idiopathic Venous
Thrombosis in an Iranian Population. Lab Med. 2011;42(4):213–6.
https://doi.org/10.1309/lm5lwxchvzy9rfom.

8. Ahmadi K, Soleimani A, Irani S, Kiani A, Ghanadi K, Noormohamadi Z,
et al. DNMT3B -579 G>T Promoter Polymorphism and the Risk of Gas-
tric Cancer in the West of Iran. J Gastrointest Cancer. 2018;49(2):167–71.
[PubMed: 28220295]. https://doi.org/10.1007/s12029-017-9928-7.

9. Pitocco D, Tesauro M, Alessandro R, Ghirlanda G, Cardillo C. Oxidative
stress in diabetes: implications for vascular and other complications.
Int J Mol Sci. 2013;14(11):21525–50. [PubMed: 24177571]. [PubMed Central:
PMC3856020]. https://doi.org/10.3390/ijms141121525.

10. Giacco F, Brownlee M. Oxidative stress and diabetic complications.
Circ Res. 2010;107(9):1058–70. [PubMed: 21030723]. [PubMed Central:
PMC2996922]. https://doi.org/10.1161/CIRCRESAHA.110.223545.

11. Chaudhary SC, Siddiqui MS, Athar M, Alam MS. D-Limonene mod-
ulates inflammation, oxidative stress and Ras-ERK pathway to in-
hibit murine skin tumorigenesis. Hum Exp Toxicol. 2012;31(8):798–811.
[PubMed: 22318307]. https://doi.org/10.1177/0960327111434948.

12. Bai J, Zheng Y, Wang G, Liu P. Protective Effect of D-Limonene
against Oxidative Stress-Induced Cell Damage in Human Lens
Epithelial Cells via the p38 Pathway. Oxid Med Cell Longev.
2016;2016:5962832. [PubMed: 26682012]. [PubMed Central:
PMC4670880]. https://doi.org/10.1155/2016/5962832.

13. Joglekar MM, Panaskar SN, Chougale AD, Kulkarni MJ, Arvindekar AU.
A novel mechanism for antiglycative action of limonene through sta-
bilization of protein conformation. Mol Biosyst. 2013;9(10):2463–72.
[PubMed: 23872839]. https://doi.org/10.1039/c3mb00020f.

14. More TA, Kulkarni BR, Nalawade ML, Arvindekar AU. Antidiabetic
activity of linalool and limonene in streptozotocin-induced dia-
betic rat: a combinatorial therapy approach. Int J Pharm Pharm Sci.
2014;6(8):159–63.

15. Pandey A, Tripathi P, Pandey R, Srivatava R, Goswami S. Alternative
therapies useful in the management of diabetes: A systematic review.
J Pharm Bioallied Sci. 2011;3(4):504–12. [PubMed: 22219583]. [PubMed
Central: PMC3249697]. https://doi.org/10.4103/0975-7406.90103.

16. Vakilinia SR, Bayat D, Asghari M. Hijama (Wet Cupping or Dry Cup-
ping) for Diabetes Treatment. Iran J Med Sci. 2016;41(3 Suppl). S37.
[PubMed: 27840503]. [PubMed Central: PMC5103544].

17. Vattam KK, Raghavendran H, Murali MR, Savatey H, Kamarul T. Coad-
ministration of alloxan and nicotinamide in rats produces biochem-
ical changes in blood and pathological alterations comparable to the
changes in type II diabetes mellitus. Hum Exp Toxicol. 2016;35(8):893–
901. [PubMed: 26429928]. https://doi.org/10.1177/0960327115608246.

18. Aeeni Z, Afsahi A, Rezvan H. [An investigation of the effect of wet
cupping on hematology parameters in mice (BALB/C)]. Research in
Medicine. 2013;37(3):145–50. Persian.

19. Flohé L, Günzler WA. Assays of glutathione peroxidase.

Methods Enzymol. 1984;105:114–20. [PubMed: 6727659].
https://doi.org/10.1016/s0076-6879(84)05015-1.

20. Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121–6. [PubMed:
6727660]. https://doi.org/10.1016/s0076-6879(84)05016-3.

21. Rahman I, Kode A, Biswas SK. Assay for quantitative determination
of glutathione and glutathione disulfide levels using enzymatic re-
cycling method. Nat Protoc. 2006;1(6):3159–65. [PubMed: 17406579].
https://doi.org/10.1038/nprot.2006.378.

22. Ahmadvand H, Babaeenezhad E, Nasri M, Jafaripour L, Moham-
madrezaei Khorramabadi R. Glutathione ameliorates liver mark-
ers, oxidative stress and inflammatory indices in rats with re-
nal ischemia reperfusion injury. J Renal Inj Prev. 2018;8(2):91–7.
https://doi.org/10.15171/jrip.2019.18.

23. Giustarini D, Rossi R, Milzani A, Dalle-Donne I. Nitrite and Nitrate
Measurement by Griess Reagent in Human Plasma: Evaluation of In-
terferences and Standardization. Methods Enzymol. 2008;440:361–80.
[PubMed: 18423230]. https://doi.org/10.1016/s0076-6879(07)00823-3.

24. Sutriyono S, Robbina MR, Ndii MZ. The Effects of Wet Cupping Ther-
apy in Blood Pressure, Glucose, Uric Acid and Total Cholesterol
Levels. Biology, Medicine, & Natural Product Chemistry. 2019;8(2):33–6.
https://doi.org/10.14421/biomedich.2019.82.33-36.

25. Murali R, Karthikeyan A, Saravanan R. Protective effects of D-limonene
on lipid peroxidation and antioxidant enzymes in streptozotocin-
induced diabetic rats. Basic Clin Pharmacol Toxicol. 2013;112(3):175–81.
[PubMed: 22998493]. https://doi.org/10.1111/bcpt.12010.

26. Bacanli M, Anlar HG, Aydin S, Cal T, Ari N, Undeger Bucurgat U,
et al. d-limonene ameliorates diabetes and its complications in
streptozotocin-induced diabetic rats. Food Chem Toxicol. 2017;110:434–
42. [PubMed: 28923438]. https://doi.org/10.1016/j.fct.2017.09.020.

27. Ersoy S, Altinoz E, Benli AR, Erdemli ME, Aksungur Z, Bag HG, et
al. Investigation of wet cupping therapy’s effect on oxidative stress
based on biochemical parameters. Eur J Integr Med. 2019;30:100946.
https://doi.org/10.1016/j.eujim.2019.100946.

28. Husain NN, Hairon SM, Zain RM, Bakar M, Bee TG, Ismail MS. The Ef-
fects of Wet Cupping Therapy on Fasting Blood Sugar, Renal Func-
tion Parameters, and Endothelial Function: A Single-arm Interven-
tion Study. Oman Med J. 2020;35(2). e108. [PubMed: 32257417]. [PubMed
Central: PMC7086389]. https://doi.org/10.5001/omj.2020.26.

29. Alshowafi FK. Effect of Blood Cupping on Some Biochemical Parame-
ter. Med J Cairo Univ. 2010;78(2).

30. Niasari M, Kosari F, Ahmadi A. The effect of wet cupping on serum
lipid concentrations of clinically healthy young men: a randomized
controlled trial. J Altern Complement Med. 2007;13(1):79–82. [PubMed:
17309381]. https://doi.org/10.1089/acm.2006.4226.

31. A. Mustafa L, M. Dawood R, M. Al-Sabaawy O. Effect of Wet Cupping on
Serum Lipids Profile Levels of Hyperlipidemic Patients and Correla-
tion with some Metal Ions. Rafidain Journal of Science. 2012;23(5):128–
36. https://doi.org/10.33899/rjs.2012.60009.

32. Rahman HS, Ahmad GA, Mustapha B, Al-Rawi HA, Hussein RH, Amin
K, et al. Wet cupping therapy ameliorates pain in patients with hyper-
lipidemia, hypertension, and diabetes: A controlled clinical study. Int
J Surg Open. 2020;26:10–5. https://doi.org/10.1016/j.ijso.2020.07.003.

8 Jundishapur J Nat Pharm Prod. 2022; 17(4):e122231.

http://www.ncbi.nlm.nih.gov/pubmed/32548059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7283177
https://doi.org/10.18502/ijph.v49i4.3186
https://doi.org/10.1309/lm5lwxchvzy9rfom
http://www.ncbi.nlm.nih.gov/pubmed/28220295
https://doi.org/10.1007/s12029-017-9928-7
http://www.ncbi.nlm.nih.gov/pubmed/24177571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856020
https://doi.org/10.3390/ijms141121525
http://www.ncbi.nlm.nih.gov/pubmed/21030723
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996922
https://doi.org/10.1161/CIRCRESAHA.110.223545
http://www.ncbi.nlm.nih.gov/pubmed/22318307
https://doi.org/10.1177/0960327111434948
http://www.ncbi.nlm.nih.gov/pubmed/26682012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4670880
https://doi.org/10.1155/2016/5962832
http://www.ncbi.nlm.nih.gov/pubmed/23872839
https://doi.org/10.1039/c3mb00020f
http://www.ncbi.nlm.nih.gov/pubmed/22219583
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249697
https://doi.org/10.4103/0975-7406.90103
http://www.ncbi.nlm.nih.gov/pubmed/27840503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5103544
http://www.ncbi.nlm.nih.gov/pubmed/26429928
https://doi.org/10.1177/0960327115608246
http://www.ncbi.nlm.nih.gov/pubmed/6727659
https://doi.org/10.1016/s0076-6879(84)05015-1
http://www.ncbi.nlm.nih.gov/pubmed/6727660
https://doi.org/10.1016/s0076-6879(84)05016-3
http://www.ncbi.nlm.nih.gov/pubmed/17406579
https://doi.org/10.1038/nprot.2006.378
https://doi.org/10.15171/jrip.2019.18
http://www.ncbi.nlm.nih.gov/pubmed/18423230
https://doi.org/10.1016/s0076-6879(07)00823-3
https://doi.org/10.14421/biomedich.2019.82.33-36
http://www.ncbi.nlm.nih.gov/pubmed/22998493
https://doi.org/10.1111/bcpt.12010
http://www.ncbi.nlm.nih.gov/pubmed/28923438
https://doi.org/10.1016/j.fct.2017.09.020
https://doi.org/10.1016/j.eujim.2019.100946
http://www.ncbi.nlm.nih.gov/pubmed/32257417
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7086389
https://doi.org/10.5001/omj.2020.26
http://www.ncbi.nlm.nih.gov/pubmed/17309381
https://doi.org/10.1089/acm.2006.4226
https://doi.org/10.33899/rjs.2012.60009
https://doi.org/10.1016/j.ijso.2020.07.003


Alizadeh M et al.

Table 1. Serum Biochemical Parameters

Variables Mean ± SD P-value

Creatinine 0.182

Control 0.70 ± 0.21

Diabetes 0.94 ± 0.17

Control + wet cupping 0.79 ± 0.19

Diabetes + wet cupping 0.98 ± 0.36

Diabetes + limonen 0.87 ± 0.12

Control + limonen 0.85 ± 0.15

Diabetes + limonen + wet cupping 0.71 ± 0.39

Triglyceride 0.258

Control 112.13 ± 69.06

Diabetes 125.68 ± 47.35

Control + wet cupping 89.92 ± 15.52

Diabetes + wet cupping 141.21 ± 70.17

Diabetes + limonen 134.46 ± 34.90

Control + limonen 133.07 ± 32.43

Diabetes + limonen + wet cupping 91.52 ± 27.99

Cholesterol 0.073

Control 53.87 ± 14.27

Diabetes 78.56 ± 24.22

Control + wet cupping 66.34 ± 13.52

Diabetes + wet cupping 78.87 ± 21.30

Diabetes + limonen 64.22 ± 11.32

Control + limonen 67.16 ± 14.27

Diabetes + limonen + wet cupping 60.62 ± 19.53

HDL 0.511

Control 36.62 ± 7.74

Diabetes 38.88 ± 7.20

Control + wet cupping 40.37 ± 6.65

Diabetes + wet cupping 45.00 ± 12.51

Diabetes + limonen 39.14 ± 2.97

Control + limonen 38.75 ± 7.67

Diabetes + limonen + wet cupping 37.00 ± 9.11

SGOT 0.189

Control 168.64 ± 29.06

Diabetes 398.94 ± 394.74

Control + wet cupping 160.71 ± 36.30

Diabetes + wet cupping 296.89 ± 178.80

Diabetes + limonen 203.19 ± 39.83

Control + limonen 231.57 ± 192.63
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Diabetes + limonen + wet cupping 192.24 ± 23.99

SGPT 0.326

Control 48.49 ± 23.87

Diabetes 119.88 ± 146.2

Control + wet cupping 51.27 ± 17.47

Diabetes + wet cupping 94.83 ± 45.94

Diabetes + limonen 78.97 ± 36.38

Control + limonen 60.25 ± 63.55

Diabetes + limonen + wet cupping 55.81 ± 7.1

Nitric oxide 0.324

Control 0.99 ± 0.01

Diabetes 0.98 ± 0.03

Control + wet cupping 0.97 ± 0.02

Diabetes + wet cupping 0.97 ± 0.01

Diabetes + limonen 0.98 ± 0.02

Control + limonen 0.99 ± 0.01

Diabetes + limonen + wet cupping 0.97 ± 0.03

Control + limonen + wet cupping 0.98 ± 0.01

Protein 0.043

Control 1.11 ± 0.15

Diabetes 0.93 ± 0.16

Control + wet cupping 1.05 ± 0.10

Diabetes + wet cupping 1.10 ± 0.06

Diabetes + limonen 1.06 ± 0.15

Control + limonen 0.99 ± 0.07

Diabetes + limonen + wet cupping 1.05 ± 0.05

Control + limonen + wet cupping 0.10 ± 0.01
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