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e -ISSN: 2664-2786 Diabetes mellitus (DM) or hyperglycemia is spreading

quickly worldwide. When infections coexist, the oral
hypoglycemic medication metformin is co-administered with
an antimicrobial agent. The current study examined the

Article information effects of co-administering Amoxicillin/Clavulanate (AMC)

and metformin in female rats with alloxan-induced diabetes.
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I negative control without any treatment. Group II positive
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body weight allowance, recipients in group three receiving
625 mg of AMC over the course of two weeks, and
recipients in groups four receiving metformin form in 500
mg/kg with alloxan A last group V recipient will take AMC,

corresponding author: metformin, and alloxan for two weeks. On days 0, 7, and 14,
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made. Samples of blood were collected weekly and
parameters were measured. Results revealed no discernible
change in total cholesterol, triglycerides, or electrolytes
chloride and potassium. When compared to rats treated with
metformin and alloxan, animals treated with AMC. These
results indicate that the glucose-depletion impact of
metformin could be accelerated by co-administration with
the AMC. Low levels of sugar and sodium have been
observed of animals caused by diabetes with alloxan.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is among the world's most serious health problems. Over
the past few decades, the condition has become more common. Globally, the number of people
living with diabetes has more than quadrupled since 1990, now exceeding 800 million according to
the world health organization 2024. Diabetes, renal failure, and increased death rate are the causes
of both heart disease and amputation. Combining a number of metabolic disorders, diabetes mellitus
is characterized by hyperglycemia brought on by either insulin shortage, insulin activity
deficiencies, or both (Eisenbarth, 1986; Carrillo-Larco et al., 2019). By etiology and clinical
manifestation, DM may be roughly divided into three types: Type 1 diabetes, type 2 diabetes, and
gestational diabetes. Monogenic diabetes and secondary diabetes are a few of additional less typical
forms of diabetes (Malek et al., 2019; Picke et al., 2019).

The main effects of metformin are to increase peripheral insulin sensitivity and decrease
hepatic glucose production. The length of treatment and dosage of metformin are directly correlated
with vitamin Bi; insufficiency (Stumvoll et al., 1995). However, serum vitamin Bi> levels were
checked yearly in studies looking at the incidence of lactic acidosis in patients on long-term
metformin therapy, and vitamin B2 supplements were given if deficiencies were found. Prospective
comparative trials and observational cohort studies have not shown any evidence linking metformin
to an increased risk of lactic acidosis levels in comparison to other anti-hyperglycemic drugs (Mohri
etal., 2023).

The first medication for type 2 diabetes is metformin, which lowers glucose synthesis in the
liver and increases the sensitivity of body tissues to insulin so that the body utilizes insulin more
efficiently (Stumvoll et al., 1995). Current research on diabetes treatment has gathered lifestyle
metformin has numerous beneficial effects on the body, including short-term modest weight loss
(Foretz et al., 2019). Normalization of hypertension, improvement of heart failure, preservation of
kidney function, improvement of lipid levels, decreased recurrence of colonic polyps, and
assistance with neuroactive diseases (Giatti et al., 2018). People with T2DM having the risk for
many types of infections, including UTIs (Nitzan et al., 2015), skin infections, and sinusitis,
pneumonia, ear infections (Bartelink et al., 1998), they can take an antibiotic like AMC that
interferes medically if they have bronchitis. An antibiotic called amoxicillin/clavulanate is used to
treat several forms of inflammation. In 1981, the amoxicillin/clavulanate combination was first
made available for purchase. It is a powerful antibiotic drug that combines the -lactamase inhibitor
clavulanate with the penicillin-class antibiotic amoxicillin. One of the most important ingredients in
the formulation for fighting antibiotic resistance is clavulanate (Kumar, 2024). Taking AMC
together with insulin for diabetes may cause complications. The majority of the time, AMC does
not interact with insulin, despite the possibility that the condition it is treating may cause changes to
your blood sugar levels (Lipsky et al., 2004). Diabetes patients frequently have electrolyte
abnormalities, which may be caused by a different distribution of electrolytes due to osmotic fluid
changes brought on by hyperglycemia. Therefore, depending on the condition that patients have and
the usage of antibiotics, antibiotic side effects and the treatments used to manage diabetes may
sometimes also cause electrolyte problems or not (Liamis et al., 2014). In this paper, we focus on
the impact of the antibiotic AMC on hyperglycemia treated with metformin and the likelihood of
changes in electrolyte, cholesterol, and triglyceride values as a result of medication interactions in
patients with type 2 diabetes.

MATERIALS AND METHODS
Reagents and animals
Alloxan monohydrate was purchased from Sigma-Aldrich chemical (St. Louis, MO, USA).
Metformin (Julphar. G. Ph. I. Ras Al Khaimah, UAE) and amoxicillin/clavulanate antibiotic (Y eni-
pharma company, Turkey). Serum glucose, triglyceride, total cholesterol and serum electrolytes
(CI, Na*, K) assay kits were bought from human (diagnostics worldwide, Germany). Adult albino
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female, authority female rats are more severely affected by diabetes than male rats, and female rats
sustain less damage overall (Collins et al., 1996; Li et al., 2017) rats weighing 150-250 gm were
purchased from the animal house of the Iraqi center cancer and medical genetics, Baghdad, Iraq.
Before commencing the experiment, the rats were acclimatized for seven (7) days under standard
environmental conditions (temperature 25+2; relative humidity (RH) 50£5%; 12 hrs light/dark
cycle). The animals were provided with food and water during the experimental period except that
of the induction of diabetes where animals were fasted for 24 hours prior to the administration of
alloxan (Ibegbulem and Chikezie, 2013).
Induction of experimental diabetes

One intraperitoneal injection of alloxan monohydrate, 200 mg/kg body weight, diluted in a
0.9% solution of sodium chloride, was given to induce type 1 diabetes (Shajeela et al., 2013). To
avoid hypoglycemia after alloxan administration, rats were maintained on 6% glucose solution
through drinker for 24 hours. Alloxan is capable of causing ultimate hypoglycemia as a result of
enormous pancreatic release (Hamadi, 2012). The animals were applauded for blood glucose level
48 hours after alloxan injection, and blood sugar level above 300 mg/dl was used for the
experiment.
Experimental design

A total of 25 rats were divided into five groups, each consisting of five rats. The following
treatments were administered to the animals in each group:
Group I: Negative group, without therapy, they were given tap water and the same meal until the

end of the study.
Group II: Positive group, IP injection of alloxan 200 mg/kg body weight.
Group III: Treated with AMC antibiotic 625 mg/kg body weight.
Group IV: IP injection of alloxan 200 mg/kg body weight+treated with metformin 500 mg/kg
body weight.
Group V: IP injection of alloxan 200 mg/kg body weight+treated with metformin 500+AMC 625
mg/kg body weight.

Blood collection

At the end of the experiment, anesthetize the animals for a few seconds and then draw the
blood from all groups weekly from a rat's eye orbital at 0, 7, and 14 days using a capillary glass
tube and centrifuged at 2688 g for 5 minutes. The clear, non-haemolysed sera was separated and
stored at (-20 C) for measurements of biochemical analyses (AL-Abachi and Al-Gorany, 2019).
Estimation of serum biochemical parameters

Glucose (Cat. No. 10121, 10260), total cholesterol (Cat. No.10017, 10018, 10028),
triglycerides (Cat. No.10720p, 10724, 10725) were measured spectrophotometrically using ready
kit (Human Co.) and several electrolytes, sodium (Na®) (Cat. No. 1001387), potassium (K*) (Cat.
No. 1001390), and chloride (CI") (Cat. No. 1001360), were among the serum biochemical markers
examined by using ready kit (spinreact Co.).
Data analysis

The results of this study were expressed as meant SD. IBM SPSS version 21.0 was used to
perform the data analysis, statistical studies were carried out using the regression and ANOVA
procedures, as well as the Tukey numerous pairwise comparison tests, with a probability threshold
of P<0.05 deemed significant. the use and interpretations of data was carried out in accordance to
(Morgan et al., 2020).

RESULTS
(Table 1) and Fig. (1) shows the effects of CO-administration of AMC antibiotic with
metformin on glucose, triglyceride (TG), and total cholesterol (TC) in rats with diabetes mellitus
throughout a 14-days treatment period. The results appearance that glucose in the III, IV, V and 1
groups decreased significantly (131.90+5.81, 188.74+16.85, 207.21£22.93, 130.65+£12.23
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(P<0.05)) respectively compared with that of diabetic control II group. The triglyceride (TG) is

not significant that of diabetic control II group. Total cholesterol (TC) is not significant in all

groups except the III group; it's decreased significantly about remainder groups.

Table 1: Serum glucose, triglyceride (TG) and total cholesterol (TC) in negative and positive control,
(III), (IV) and (V) groups rats after 7 and 14 days of diabetes.

. Glucose mg/dl Triglyceride mg/dl | Total cholesterol mg/dl
Groups Period treatments
Mean = SD Mean = SD Mean + SD
0 week 129.00 £ 16.18 122.14 £ 8.30 75.92 +8.48
1 week 13094 £ 11.15 121.22 £5.16 73.16 +4.54
Group I
2 weeks 132.02 £9.36 119.38 £4.97 74.46 + 3.69
Total 130.65 £12.23 ¢ 120.91 £ 6.14 " 74.51 +£5.63 *
0 week 126.46 £ 13.73 120.00 £+ 14.16 83.86 £ 5.71
1 week 337.68 +23.21 163.69 = 11.81 72.49 + 3.86
Group II
2 weeks 339.36 + 19.07 98.88 +5.62 69.62 +2.70
Total 267.83 +104.97 * 127.52 +£29.78 * 75.32+7.50*
0 week 129.06 + 5.86 118.72 £10.18 59.56 £4.75
1 week 131.78 543 112.94 £7.62 67.24 £2.75
Group III
2 weeks 133.84+6.15 120.14 £ 10.81 68.98 + 1.48
Total 131.90 +5.81 ¢ 117.26 £9.53 P 65.26 +5.21°
0 week 119.22 +12.93 122.36 £6.75 76.76 = 8.17
1 week 25420+ 19.95 165.12 £ 11.13 72.64 +1.93
Group IV
2 weeks 192.82 +17.67 113.64 £ 8.24 66.25+291
Total 188.74 £ 16.8 ® 1345+8.70 * 71.89 +£6.52*
0 week 138.14 £27.56 115.14 £3.46 76.40 £ 9.56
1 week 259.31 +28.26 149.93 £ 6.26 73.36 £5.26
Group V
2 weeks 22419+ 12.97 128.08 £4.16 76.52 +£5.23
Total 207.21 £22.93" 130.05 +4.62 * 75.43 £ 6.64 *

Values are expressed as mean + SD. Different letters horizontally (a, b, c) indicate that the means are different significantly at
P<0.05. (a= High significant difference, b= significant difference, c= No significant difference).
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Fig. 1: Mean level values of glucose, triglyceride and total cholesterol for experimental animal groups.
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(Table 2) and Fig. (2) displays the effects of Co-administration of the antibiotic AMC along
with metformin on electrolytes (Cl, Na® and K) in rats with diabetic mellitus during the course of
the two-week treatment period. The findings showed that potassium (K*) and chloride (CI") do not
differ significantly among groups. However, sodium ion (Na®) in the III, IV, V groups decreased
significantly 182.82+6.67, 191.20+14.90, 183.51£11.76 (P < 0.05) respectively compared with that
of IT group, likewise, decreased significantly compared with that of I group.

Table 2: Serum electrolytes (CI', Na*, K*) in negative and positive control, (IT), (IV) and (V) group's

rats after 7 and 14 days of diabetes.

Period CI' mmol/L Na* mmol/L K* mmol/L
Groups
Treatments Mean + SD Mean + SD Mean + SD
0 week 76.50£3.35 195.20 + 14.87 6.81 +0.55
1 week 74.64 £3.59 189.80 +15.82 4.56+0.44
Group I
2 weeks 74.40+3.10 190.18 + 12.03 5.22+0.54
Total 75.18 £3.25%2 191.73 £ 13.51° 5.53+1.092
0 week 74.81 £1.24 264.46 +14.77 6.77 £ 0.45
1 week 84.48+2.45 189.02 +4.18 4.78 £ 0.66
Group II
2 weeks 76.78 £1.78 161.34 £4.46 3.88+0.26
Total 78.69 + 4.66* 204.94 + 45.91* 514+1332
0 week 7570+ 1.23 181.20 £ 8.11 6.46+0.51
1 week 77.58 £3.49 185.13+£5.29 476 +0.49
Group III
2 weeks 75.04 £ 147 179.15 + 6.63 490 +0.50
Total 76.11+2.402 182.82 £ 6.67 ¢ 537+0.92*2
0 week 77.70 +£2.26 205.16 + 18.19 7.36+0.11
1 week 84.14+2.75 193.32 +£15.05 492 +£0.53
Group IV
2 weeks 77.32+1.49 175.12+11.48 4.56+0.51
Total 79.72 +£3.842 191.20 + 14.90¢ 5.61+£1.352
0 week 73.47+1.55 184.26 + 12.51 6.96 +0.52
1 week 82.14 +2.51 176.75 + 10.74 5.74 +0.50
Group V
2 weeks 7226 +£2.26 189.52 £ 12.04 5.22+0.22
Total 75.96 £4.97 * 183.51 +£11.76 ¢ 5.97 +0.86 *

Values are expressed as mean £SD. Different letters horizontally (a, b, ¢) indicate that the means are different significantly at P<0.05.

(a= High significant difference, b= Significant difference, c= No significant difference).
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Fig. 2: Mean level values of chloride, sodium and potassium for experimental animal groups.
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DISCUSSION

Hyperglycemia determined the presence of diabetes in the rats during the two weeks after
alloxan administration. Since these alterations may be totally reversed by insulin therapy, it is likely
that they are specific to the diabetic situation in this strictly insulin-dependent example of
experimental diabetes (Cooper, 2001). Alloxan is the most frequently used agent to chemically
induce T1DM in animals, and it is toxic to pancreatic islet B cells, which can consequently induce
hyperglycemia within a few days. The dose required for inducing diabetes by this drug depends on
the animal species, route of administration, and nutritional status (Singh et al., 2024).

The single IP dose of aloxane (200 mg/kg) successfully enhanced diabetes, and a second dose
was given after two weeks to determine whether the antibiotic AMC with metformin might prevent
it. In other words, to ensure the survival of the injury (Hasheminasabgorji and Jha, 2021). This fact
implies that, reactive oxygen species (ROS) produced by the xanthine oxidase system have a
minimal role in alloxan's ability to cause diabetes, and differs with the conclusion reached by
(Volpe et al., 2018). Researcher Mistry et al. (2023) found that treating diabetic rats developed with
alloxan with an ethanolic extracts of mango peel and mangiferin significantly improved the
overhead impact due to diabetes at significant (p < 0.05) and appear to have antidiabetic, glycogenis
and antihyperlipidemic actions on diabetic rats produced by alloxan (Arabnozari et al., 2024).
Demonstrates the significant effectiveness of Polygonum hyrcanicum extract in reducing blood
glucose levels and diabetic nephropathy it should be noted, the hydroalcoholic extract demonstrates
favorable effects on lipid peroxidation. While, (Alou et al., 2024) reviewed a comparative study
between cefditoren versus amoxicillin/clavulanic acid for mild diabetic-related foot infections (DFI)
with a range of isolated bacteria and came up with emphasizing its microbiological adequacy for
empirical treatment of DFI.

On the diabetic rat, the effects of metformin and AMC co-administration were investigated.
The diabetic control models valued to support the similar response predicted when the medications
are employed in the treatment of DM, while the normal control rat model assisted to swiftly
discover the interactions (Afsand et al., 2012). Increased blood glucose induces oxidative stress
through various distinct pathways. Overall, diabetes leads to the generation of free radicals and
oxidative stress, resulting in lipid, protein, and DNA oxidation (Arabnozari et al., 2024). (Table 1)
shows that the blood glucose and triglyceride levels of the diabetes and diabetic treated groups
significantly differed over the treatment period. Since antibiotics make it difficult for sugar to enter
cells for use as energy and that would indicate that the causes may be insulin resistance, the blood
sugar level may continue to rise when therapy is being administered. While metformin increases the
tissue's sensitivity to insulin (Solymar ef al., 2018).

A decrease in lipoprotein lipase activity and insulin resistance are two of the many causes of
elevated triglyceride levels. Studies showed a connection between cells resistant to insulin and the
amounts of free fatty acids in blood that are converted to TG in the liver, muscle and heart (Kane e?
al., 2021). Total cholesterol results show that the concentration in the various treatment groups IV,
V, and positive were unaffected and this finding is consistent with other observations made earlier.
It is possible that metformin and metformin in combination with AMC cause an increase in the
body's response to insulin and an inhibition of glycogenolysis in the liver (Yin et al., 2018). The
value of blood chloride CI, however, did not substantially alter between diabetic and control
animals following AMC and metformin treatments of animals with induced diabetes mellitus,
according to the results of this action's testing of Cl-, Na*, and K™ electrolytes. In contrast, the
positive group not receiving treatment saw a considerable rise in serum sodium Na*. This outcome
conflicts with previous research by (Ayaz et al., 2023), but agrees with (Palmer and Clegg, 2015).
Although references to a clinically relevant decrease in total body water are made, excess or normal
plasma sodium concentrations with hyperglycemia. Compared to the negative group, diabetic rats
treated with metformin and metformin plus AMC have restored serum electrolyte Na* levels to
normal. Insulin deficit, which is greater, is a significant worker in the clear impact of potassium
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from the cell, thus potassium K" was unaffected. In people with type 2 diabetes, the insulin-
mediated absorption of glucose is reduced, while the cellular absorption of potassium remains
normal. This is due to a change in the intracellular pathways that control the insulin receptor's
activation (Khan et al., 2019; Datchinamoorthi et al., 2016).

limitations in my study are that it requires more time than two weeks to check the biochemical
parameters, determine how they influence pancreatic tissue (histological analysis) and the sample
size for each group is small. Additionally, it is necessary to examine the variables of other tissues,
particularly the liver, for the same medication combination.

CONCLUSIONS
This study concluded that the metformin glucose depletion procedure could be accelerated by
co-administration with the antibiotic amoxicillin/clavulanate. This has been observed through the
results of low blood sugar and sodium levels of animals caused by diabetes with alloxan and their
treatment with a combination of metformin and antibiotics. While, cholesterol, triglycerides,
chloride and potassium were also not affected.
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