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ORIGINAL ARTICLE

Cholecystokinin as a novel marker of
gallstones risk Factor

Noor M Al-Talib, Zena AM Al-Jawadi

Introduction

cholecystokinin plays a role role in both the regulation of
digestion and appetite as well as its association with the
development and management of gallstones.

Objective
The study aimed to investigate the relationship between the
cholecystokinin hormone and the formation of gallstones.

Methods: The study collected a total of 97 samples of
gallstones from both sexes, with an additional 83 samples
used as a control group.

Results

There was a significant (p= 0.001) decrease in the
cholecystokinin hormone levels in patients with gallstones.
Furthermore, the study also observed a significant increase
(p=0.001) in various lipid markers such as cholesterol, low-
density lipoprotein (LDL), triglycerides, lipoprotein, very low-
density lipoprotein (VLDL), and atherosclerosis risk factor. The
incidence of gallstones was found to be three times higher in
females compared to males.

Conclusion

This study shed light on the role of the cholecystokinin
hormone in the formation of gallstones. It revealed a significant
decrease in cholecystokinin hormone levels in patients with

gallstones, along with an increase in lipid markers associated _
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The biliary system is a series of ducts within the liver,
gallbladder, and pancreas which function to empty
their contentinto the small intestine. The gallbladder
belongs to the biliary system which is also called the
biliary tree or biliary tract. Through the cystic duct, it
is connected to the rest of the biliary system outside
the Despite its
maintaining the balance of cholesterol, free fatty
acids, and triglycerides in the entire organism, the
gallbladder greatly influences the flow of bile into

liver.! essential function of

the intestine and thus the enterohepatic circulation
of bile acids, when the gallbladder contracts, it forces
bile into the common bile duct, which then transports
it to the small intestine, where it performs its
function in the digestion of fats.?

Gallstones are typically brought on by an unhealthy
gallbladder. Bile sludge which is a viscous mixture of
glycoproteins, calcium deposits, and cholesterol
crystals in the gallbladder or bile ducts, is frequently
present before the development of gallstones. It can
also form in the biliary tree. Most of it is made of
cholesterol that is absorbed from the system.
food.> Cholecystokinin (commonly known as CCK or
CCK-PZ) is a gastrointestinal neuropeptide hormone
produced by discrete enteroendocrine cells (I cell) in
the mucosa of the upper small intestine* and I cells (I
cells) are granules. Medium-sized secretory cells in
the discrete enteroendocrine cells that line the
mucosa of the upper small intestine and are
responsible for CCK synthesis.®

Through activation of CCK-1 receptors on vagus fibres
that supply the intestines, cholecystokinin modulates
gastrointestinal activities, including inhibition of gastric
emptying and food intake. Additionally, CCK plays a crucial
role in the secretion of pancreatic enzymes such as
pancreatic amylase, chymotrypsinogen, and trypsinogen
as well as the generation of stomach acid and pancreatic
fluid. Alkaline phosphatase, Disaccharidase,
Enterokinase are a few other minor intestinal enzymes

and

that are crucial for the digestion of carbs, lipids, and
protein, respectively.® It lowers gastric emptying, makes
digestion easier, and shrinks the gallbladder. Small
peptides produced during the breakdown of proteins,
long-chain fatty acids, amino acids, and saturated fats all
encourage the release of CCK from the small intestine.
Afferent nerve fibres in the jejunum and vagus are
activated by both long-chain and short-chain fatty acids
from meals but by different processes.”

Malta Medical Journal, 2025; 37(4)

MATERIAL AND METHODS

Collecting Samples: Blood samples were collected
during the period (September 3, 2022, until June 25,
2023) from (Al-Salam Teaching Hospital and Al-
Jumhuri Teaching Hospital) in Nineveh Governorate,
after obtaining the original and ethical approvals
according to the Declaration of Helsinki criteria and
were authorized by our university

Gallstones Patients Group: Ninety-seven blood
samples were collected for both men and women
with stones in the gallbladder after the patients were
diagnosed by specialized doctors their ages ranged
between (16 and 70) years, and the clinical data for
each case were included in a questionnaire. prepared
for this purpose. Exclude patients with diabetes,
hypertension and heart disease.

Control group: Eighty-three persons of both sexes,
aged 18 to 70 years participated in this study as a
control group. During the early follicular phase, blood
samples were obtained in the morning following 12
hours of fasting for cholecystokinin (CCK) and for
both groups. A specific test kit (Bio Merieux, France)
was used to assess cholecystokinin by ELISA, and kits
HDL, TG, TC (Bio
Merieux, France) were used to measure lipid profile
by UV/VIS Spectrophotometer as per manufacturer
instructions. LDL, VLDL, and atherogenic index

for measurement of

calculated as per standard formulas. Weight and
height were measured and BMI was calculated.

Statistical analysis: Using SPSS software, the data was
analyzed. T-test, Duncan test. Data expressed as
meanzSD, a p-value less than 0.05 considered
significant.

Ethical approval: The researcher's institutional review
board gave its approval to the study, which was
by all applicable
institutional policies, and the principles of the

carried out national laws,

Helsinki Declaration (Approval letter 22221 on
05.07.2022).

RESULTS

The results shown in Figure 1 provide valuable
insights into the incidence of infection among
females and males. The data reveals a significant

disparity, with Ffemales experiencing a higher
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incidence of infection by 73.2% compared to males,
who had an incidence rate of 29.8% (Table 1).

80% -
70% The results presented in Table 2 provide a
60% - 73.20% comprehensive comparison of clinical variables
& - between women with gallstones and healthy women.
g’ 50% - Notably, a significant decrease was observed in the
E 40% - concentration of the cholecystokinin hormone (P =
o 30% - 0.001) in women with gallstones compared to their
gq: , healthy counterparts. The study showed a significant
20% - 26.80% increase in the levels of various lipids, including
10% A cholesterol, triglycerides, LDL, VLDL, and
0% . : atherogenic risk fFactors in women with gallstones
Female Male (P=0.001, P=0.04, P=0.001, P=0.004, and P=0.001,

Gender respectively).

Figure 1 Prevalence rate of gallstones in women and men The findings presented in Table 3 shed light on the
clinical variables when comparing males with
gallstones to healthy males. One notable result is the

ignificant d in th trati f

Table 1 The normal level of cholecystokinin in healthy people. slgnirican . .ecrease n € conc.en retion .0

cholecystokinin hormone (P = 0.001) in males with

gallstones. This decrease could potentially be

Normal Concentration of Cholecystokinin (CCK)

attributed to a decline in plasma cholesterol levels.
Male Normal Range

56.79 - 58.49 Normal Range On the contrary, there seems to be an increase in

(pg/ml) g
Ferle Narmll B 56.82-58.68 biliary cholesterol or a decrease in phospholipid
(pg/ml) g 56.85-58.87 (pg/ml) levels among male patients. Additionally, the results

in Table 3 indicate a significant increase in the
concentration of various fats, including cholesterol,

Table2 Comparison of clinical variables of women with
gallstones with healthy women (control group).

Table 3  Comparison of clinical variables of males with gallstones
with healthy males (control group).

Clinical Gallstones Control value Clinical Gallstones Control value
Parameters Patients Group P Parameters Patients Group P

Female 69 (72%) 50 (59%) Male 28 (29%) 33 (39%)
CCK (pg/ml) 55.3210.86 57.86+1.01 0.001** CCK (pg/ml) 55.38 £1.04 57.77 £1.27  0.001**
Cholesterol(mg/dl) | 161.04 +17.79 133.32+9.88 0.001** Cholesterol(mg/dl) | 169.11 +13.51 135+12.52 0.005%*
Triglyceride (mg/dl) | 124.49 £19.55 101.90 £+5.44  0.04* Triglyceride (mg/dl) | 129.17 +6.08  103.82+8.66  0.037*
LDL (mg/dl) 92.41+11.19 64.83+13.41 0.001** LDL (mg/dl) 106.02 £13.03 72.22£6.53  0.005**
HDL (mg/dl) 43.73 £8.22 48.10£10.59 0.001** HDL (mg/dl) 37.24 £5.75 42.01 £6.21 0.05*
VLDL(mg/dl) 24.89 £9.91 20.37 £5.08  0.004** VLDL(mg/dl) 25.83 +4.21 20.76 £5.73 0.037*
AtherogenicRisk | 451 1197 2861084 0007  AtherogenicRisk |, 47108 3274092  0.007*
factor (mg/dl) factor (mg/dl)
BMI (Kg/m?) 28.56 £3.94 27.34 £3.74 0.05% BMI (Kg/m?) 28.20 £3.86 25.59 £3.25 0.0071**
*Significant differences at P<0.05 *Significant differences at P<0.05
**Significant differences at P<0.01 **Significant differences at P<0.01
data represented as MeanSD data represented as MeanSD
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triglycerides, LDL, VLDL, and atherogenic risk factor
(P = 0.005, P = 0.037, P = 0.005, P =0.037,and P =
0.001, respectively).

The results presented in Table 4 provide compelling
evidence of a noteworthy finding: a significant
decrease in the concentration of the hormone
cholecystokinin in patients afflicted with gallstones,
as compared to healthy individuals. The statistical
analysis conducted revealed a P-value of 0.001,
the this
observation. The data reveals a substantial rise in the
concentration levels of various components, such as
triglycerides, LDL, VLDL,
atherosclerotic factor, in patients diagnosed with
gallstones. The statistical analysis conducted for this

further solidifying significance of

cholesterol, and

study demonstrated a highly significant increase in
the aforementioned parameters among the gallstone
patients, as compared to the healthy subjects. The p-
values associated with these findings were found to
be extremely low (P = 0.001), indicating a high level of

statistical significance.

DISCUSSION

The present study confirmed a higher incidence of

infection among females compared to males,

Table 4

perhaps the reason for this is due to sex hormones

Comparison of clinical variables of patients with

gallstones with healthy persons (control group).

Clinical Gallstones Control

Parameters Patients Group preli
n 97 83
CCK (pg/ml) 55.34+0.91 57.77 +0.95  0.007**
Cholesterol(mg/dl) | 163.37 £+12.78 133.99 £+13.77 0.001**
Triglyceride (mg/dl) | 125.84 +11.27 102.66 £6.61  0.001**
LDL (mg/dl) 96.33 +12.53 67.76 £2.68  0.007**
HDL (mg/dl) 41.86 +6.81 46.68 +9.54 0.05*
VLDL(mg/dl) 25.16 £0.25 20.53+5.32  0.0071**
gtcht‘;rf(f:g/i;l?is" 443£1.9 3.0240.89  0.007%
BMI (Kg/m?) 28.45 £3.91 26.64 £1.07  0.002**

*Significant differences at P<0.05
**Significant differences at P<0.01
data represented as Mean+SD
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such as estrogen, as exogenous estrogen affects the
physiological signs that facilitate the formation of
gallstones. In addition, estrogens play a role in
increasing cholesterol secretion and decreasing bile
These female sex hormones
hepatic bile

gallbladder Ffunction. Oral hormone replacement

salt secretion.®

negatively affect secretion and

therapy can increase the risk of developing

gallstones.’

The result has shown a significant decrease in the
concentration of the cholecystokinin hormone (P =
0.001) in women with gallstones compared to healthy
women, which might be due to a decrease in the
CCK and delayed

impaired  biliary
emptying.'® Because reduced CCK production in the
intestine considerably increases susceptibility to
gallstones through a process involving impaired

concentration of intestinal

intestinal  transit due to

gallbladder and small intestinal motility, celiac
disease is a significant risk factor for gallstone
formation."

In addition, the progesterone hormone suppresses
the activity of the neuron killers cells in the central
nervous system and stimulates the activity of the
generative neurons, which leads to an increase in
energy consumption, unlike the estrogen hormone,
and thus the hormones estrogen and progesterone
lead to slower emptying of the gallbladder.’? The
hormone progesterone, which is involved in the
menstrual cycle and can slow down the process of
emptying the gallbladder, increases the amount of
cholesterol in the bile, which is a major component in
the formation of gallstones. If there is more
cholesterol in the bile juice, there is a high likelihood
that it will clump together and form a stone. If the
gallbladder cannot release bile at the normal rate,
gallstones can get stuck in the bile duct instead of
being passed. This supports the hypothesis that
female reproductive hormones divert bile toward the
lithogenic composition.'3

The results also showed a significant increase in the
concentration of lipids in women with gallstones
compared with healthy women. The rise in estrogen
levels led to an increase in triglycerides and low-
density lipoprotein cholesterol and thus leads to an
increase in the secretion of cholesterol in the bile,
which indicates that
relationship in the associations between blood fats

sex hormones have a
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and the formation of gallstones, in addition to that it
has been proven that high fats Triglycerides and
cholesterol in hepatocytes trigger inflammatory
responses that lead to leakage of liver enzymes into
the bloodstream, which lead to cholecystitis and
induce gallstone formations.™ The results showed a
significant decrease (P = 0.001) in the concentration
of HDL in women with gallstones compared with
healthy women, where the decrease in levels of good
cholesterol (HDL), which participates in the transfer
of cholesterol to bile, is significantly associated with
the risk of gallstone formation. In women, especially
before menopause, hepatic bile acid synthesis will be
decreased, causing biliary hypercholesterolemia. In
addition, decreased The increased hepatic insulin
resistance linked to HDL cholesterol raises biliary

cholesterol production and gallstone risk.
formation.'
There was also a significant increase in the

concentration of body massindex (P =0.05) in women
with gallstones compared with healthy women,
where the increase in body mass index is associated
with an increase in the activity of (cholesterol
synthase), which promotes hyper saturation of bile
cholesterol and leads to this increase in the index
body mass
endogenous fats and hormones, which reduces
motility of the gallbladder and increases the risk of
developing gallstones.'®

index slows the metabolism of

The results of comparing the clinical variables of
males with gallstones with healthy males showed a
significant decrease in the concentration of the
hormone cholecystokinin (P = 0.001) in males with
gallstones and the reason may be due to a decrease
in the level of cholesterol in the plasma. Conversely,
there is an increase in biliary cholesterol or there is a
decrease in the level of phospholipids in male
patients.””'® The results also showed a significant
increase in the concentration of fats for each of the
cholesterol, triglycerides, LDL, VLDL,
atherogenic risk Factors. Perhaps the reason is that

and

low levels of testosterone are negatively associated
with triglycerides and that a high level of
triglycerides in the blood is positively associated with
an increase in the cholesterol saturation index and
the rapid nucleation of cholesterol crystals.’* The
results also showed a significant decrease in the

concentration of beneficial fats (HDL) in males with

Malta Medical Journal, 2025; 37(4)

gallstones compared to the control group (P = 0.05).
This may be due to the tendency of patients with low
testosterone to lower levels of HDL and Apo A1 and
higher levels of total cholesterol, triglycerides, and
LDL."™ In addition, a significant increase was found in
the body mass index in males with gallstones.
Previous studies have shown that the level of total
and free testosterone is lower compared to non-
obese men. There are high levels of circulating
estrogens in obese men, which results from the
conversion of

androgens to estrogens by

aromatase.?0?!

The concentration of the hormone cholecystokinin
was reduced in patients with gallstones compared to
healthy people. This was distinguished by a reduced
gallbladder
cholecystokinin and an increased affinity for binding

contraction in response to
to this hormone. Additionally, it is well known that
the bile of these patients contains a lot of
cholesterol, with the potential for translocation of
this lipid to neighbouring cell membranes.??

The results for the same table above showed a
significant increase in the concentration of each of
cholesterol, LDL, VLDL,
atherosclerotic factor in patients with gallstones

triglycerides, and
compared to healthy subjects, perhaps this is due to
the weak natural metabolism of fats in the liver, and
the the
phospholipids, which leads to a relatively high ratio of
cholesterol to phospholipids, and high cholesterol
stimulates the expression of inflammatory factors
that may cause inflammation of the gallbladder and
stimulate the formation of gallstones, which leads to

low ability of liver to synthesize

an increase in Its size, and the impairment of the
synthetic secretory function of hepatocytes, will lead
to a decrease in bile acid secretion and other factors
that support gallbladder motility, which slows bile
flow.?>?* The results showed a significant decrease in
the concentration of HDL in patients with gallstones
(P = 0.05) compared to healthy people, which may be
3 result of the association between low HDL and
insulin resistance, and this may cause a higher rate of
HDL catabolism, which increases the rate of biliary
cholesterol excretion.?>2¢

The results also showed a significant increase in the
concentration of the body mass index in patients with
gallstones compared to healthy people. Obesity can

boost leptin production and control bile Ffat
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metabolism to encourage the excretion of extra
cholesterol that has been accumulated in tissues. The
excretion of cholesterol in the bile can therefore rise
in response to an increase in serum leptin, leading to
hypersaturation of bile with cholesterol and an
increased risk of developing gallstones.?”?®

Limitations of the present study include a small

sample size and unicentric study, moreover,
hyperlipidemia, in particular, is an additional
predisposing Ffactor for modulation of lipid

concentration in biliary tree resulting in gallstone
formations.?3" It is highly recommended to use
weight agents including
metformin,3? herbal products,?? and statins 3*in highly
susceptible people.

and lipid-reducing

CONCLUSION

In conclusion, the findings from this study provide
significant insights into the hormonal and metabolic
changes associated with gallstones in overweight

lipoprotein, triglycerides, lipoprotein, very low-
density lipoprotein, and atherosclerosis risk factor,
highlight the multifaceted nature of gallstone
formation and its association with metabolic
dysregulation. the

disparity in the incidence of gallstones, with females

Moreover, striking gender

having three times higher rates than males,
underscores the potential influence of hormonal and
physiological factors in gallstone pathogenesis.
Additionally, this study contributes to the existing
body of knowledge by establishing the normal range
of the cholecystokinin hormone for both females
(56.85-58.87 pg/ml) and males (56.79-58.49 pg/ml).
These findings collectively emphasize the importance
of further research and clinical interventions
targeting metabolic imbalances and gender-specific
factors to effectively manage and prevent gallstone

formation in the overweight population.

ACKNOWLEDGEMENTS

patients. .Tl‘1e observed  decrease .|n the The authors would like to express their gratitude to
cholecystokinin  hormone,  coupled ~ with  the the University of Mosul for its cooperation.
significant increases in cholesterol, low-density

REFERENCES

1. Dave HD, Shumway KR, Al Obaidi NM. Physiology, Biliary. In StatPearls. StatPearls Publishing.

PMID: 30725792.

2. Housset C, Chrétien Y, Debray D, Chignard N. Functions of the Gallbladder. Compr Physiol.

2016 Jun 13;6:(3)1549-77.

3. Hjaltadottir K, Haraldsdottir KH, Moller PH. Gallstones-review. Laeknabladid. 2020 Oct 1;106:

(10)464-72.

4. Lavine JA, Attie AD. Gastrointestinal hormones and the regulation of B-cell mass. Annals of
the New York Academy of Sciences. 2010 Nov;1212:(1)41-58.

5. Williams JA. Regulation of normal and adaptive pancreatic growth. Pancreapedia: The
Exocrine Pancreas Knowledge Base. 2020 Oct 28.

6. Cawthon CR, de La Serre CB. The critical role of CCK in the regulation of food intake and diet-
induced obesity. Peptides. 2021 Apr 1;138:170492.

7. BreitS, Kupferberg A, Rogler G, Hasler G. Vagus nerve as modulator of the brain—-gut axis in

psychiatric and inflammatory disorders. Frontiers in psychiatry. 2018:44.

Malta Medical Journal, 2025; 37(4)

87



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Marrone J, Danielli M, Gaspari Cl, Capiglioni AM, Marinelli RA. Aquaporin gene transfer for
hepatocellular cholestasis. Biochimie. 2021 Sep 1;188:12-5.

Liu H, Zhang Y, Ai M, et al. Body mass index can increase the risk of gallbladder cancer: a meta-
analysis of 14 cohort studies. Medical Science Monitor Basic Research. 2016;22:146.

Woods SE, Leonard MR, Hayden JA, et al. Impaired cholecystokinin-induced gallbladder
emptying incriminated in spontaneous “black” pigment gallstone formation in germfree Swiss
Webster mice. American Journal of Physiology-Gastrointestinal and Liver Physiology. 2015 Feb
15;308:(4)G335-49.

Wang HH, Portincasa P, Wang DQ. Update on the molecular mechanisms underlying the effect
of cholecystokinin and cholecystokinin-1 receptor on the formation of cholesterol gallstones.
Current medicinal chemistry. 2019 Jun 1;26:(19)3407-23.

Kamemoto K, Yamada M, Matsuda T, et al. Effects of menstrual cycle on appetite-regulating
hormones and energy intake in response to cycling exercise in physically active women.
Journal of Applied Physiology. 2022 Jan 1;132:(1)224-35.

Shabanzadeh DM, Holmboe SA, Sarensen LT, Linneberg A, Andersson AM, Jgrgensen T. Are
incident gallstones associated to sex-dependent changes with age? A cohort study. Andrology.
2017 Sep;5:(5)931-8.

Zhang M, Mao M, Zhang C, et al. Blood lipid metabolism and the risk of gallstone disease: a
multi-center study and meta-analysis. Lipids in health and disease. 2022 Mar 2;21:(1)26.

Kim Y, Oh CM, Ha E, Park SK, Jung JY, Ryoo JH. Association between metabolic syndrome and
incidence of cholelithiasis in the Korean population. Journal of Gastroenterology and
Hepatology. 2021 Dec;36:(12)3524-31.

Zhang X, Guan L, Tian H, Li Y. Prevalence and risk factors of gallbladder stones and polyps in
liaoning, China. Frontiers in Medicine. 2022 Apr 25;9:865458.

Aljawadi ZA. Effect of selenium level of serum and semen in infertile Iragi men. Biochemical &
Cellular Archives. 2020 Oct 2;20.

Milanizadeh S, Mohebbi SR, Khanyaghma M, Alizadeh AH. ATP binding cassette and
cholecystokinin A receptor genetic variations in gallstone susceptibility. Gastroenterology and
Hepatology From bed to Bench. 2017;10(Suppl1):5108.

Szczepanek-Parulska E, Sokolowski J, et al. Lipid profile abnormalities associated with
endocrine disorders. Endokrynologia Polska. 2022;73:(5)863-71.

Li B, Li J, Akbari A, Baziyar P, Hu S. Evaluation of expression of Cytochrome P450 aromatase
and inflammatory, oxidative, and apoptotic markers in testicular tissue of obese rats (Pre)
treated with garlic powder. Evidence-Based Complementary and Alternative Medicine. 2023
Jan 4;2023.

Al-Heali MA, Al-Jawadi ZA. Biochemical effect of thyroid hormones on heart failure. Egyptian
Journal of Chemistry. 2022 Mar 1;65:(3)185-9.

Miller LJ, Harikumar KG, Wootten D, Sexton PM. Roles of cholecystokinin in the nutritional
continuum. Physiology and potential therapeutics. Frontiers in endocrinology. 2021 Jun 2;12:684656.

Zhang Y, Sun L, Wang X, Chen Z. The association between hypertension and the risk of
gallstone disease: a cross-sectional study. BMC gastroenterology. 2022 Dec;22:(1)1-0.

Hayat S, Hassan Z, Changazi SH, et al. Comparative analysis of serum lipid profiles in patients
with and without gallstones: A prospective cross-sectional study. Annals of Medicine and
Surgery. 2019 Jun 1;42:11-3.

Malta Medical Journal, 2025; 37(4)

88



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Al-Omari AF, Aljawadi ZA, Omer ZK, Al-Othman AK. Relation between serum homocysteine level
and lipid profile in patients with dyslipidemia. Biochemical & Cellular Archives. 2021 Apr 1;21.(1)

Yang JL, Huang JJ, Cheng N, et al. Sex-specific and dose-response relationship between the

incidence of gallstones and components of the metabolic syndrome in Jinchang Cohort: a
prospective study. Biomedical and Environmental Sciences. 2020 Aug 1;33:(8)633-8.

Zhang J, Chen L, Shen K, et al. Association between metabolically healthy overweight/obesity
and gallstones in Chinese adults. Nutrition & Metabolism. 2023 Dec;20:(1)1-9.

Al-Ttaie FK, Aljawadi ZA. Hormonal and biochemical study of the effect of obesity on women
infertility. Journal of Health and Translational Medicine (JUMMEC). 2021 Mar 18;24:(1)53-7.

Al-Jawadi ZA. Effect of Leptin on the Infertile Women. Annals of the Romanian Society for Cell
Biology. 2020 Dec 24:111-6.

Merkhan M, Mohammad J, Fathi Z, Younus Z, Mahmood SM, Mohammed M. Silent
hyperlipidaemia modulated vascular endothelial markers. Pharmacia. 2021 Oct 6;68:(2)479-84.

Mohammad JA, Fathi FH, Almulathanon AA, Merkhan MM. Hyperlipidemia connoted vitiation
of serum adipokines and redox imbalances. Military Medical Science Letters/Vojenské
Zdravotnické Listy. 2023 Apr 1;92.(2)

Younis HY, Imad A. Effect of zinc as an add on to metformin therapy on serum lipid profile and
uric acid in type 2 diabetes mellitus patients. Curr topics in Pharmacology. 2021;25.

Hamed ZS, Abed RR, Almashhadany MS, Merkhan MM. Effects of Hypericum perforatum on
serum lipid vascular systems in mice. Iragi Journal of Veterinary Sciences. 2022 Mar
22;36:(2)525-30.

Almukhtar HM, Faisal IM, Merkhan MM. Short-term treatment with Atorvastatin selectively
decreases Lymphocyte count. Research Journal of Pharmacy and Technology. 2022 Feb
1;15:(2)689-94.

Malta Medical Journal, 2025; 37(4)

89



