



Influence of different amounts of cranberries (Rubus fruticosus) on biochemical changes in hyperglycemic rats

Abstract

     Diabetes mellitus, also known simply as diabetes, is a group of metabolic illnesses distinguished by raised blood glucose levels, either because cells do not respond to the insulin that is produced or from insufficient production of insulin. Aim: The present research aims to identify the effect of the varying amounts of cranberries  (Rubus fruticosus) on biochemical alterations in hyperglycemic rats. Materials and Methods: Twenty-four male Sprague Dawley rats were divided into two main groups. The first group consisted of group normal rats (number=6) as control (-). The second group (number = 18) received an intraperitoneal injection of streptozotocin at a dose of 75 milligrams per kilogram, and those with blood glucose concentrations above 250 milligrams per deciliters have been designated as diabetic. Rats in this main group have been separated into three subgroups: (1) the diabetic rats’ group as a control (+) (number=6) received a basal diet without any treatment; (2) the diabetic group (number=6) received a basal diet + 7% cranberries; & (3) the diabetic group (number=6) received a basal diet + 9% cranberries. Blood has been gathered following twenty-eight days, and serum has been extracted to assess levels, , HbA1c, liver enzymes, renal function, and blood lipids. Results: Significant differences in glucose levels were observed among all groups. Group 4 illustrated the lowest value in glucose levels. Also, there are no statistical differences in AST and ALT between control (+) and groups 3 and 4. There is no statistical difference in low-density lipoprotein cholesterol (LDL-C) among control (+) and group (3). All groups 3 and 4 values showed statistical differences in urea when compared to the control (-) group.
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Introduction

   Diabetes mellitus, which is more often referred to as diabetes, is a group of metabolic illnesses in which a individual has excessive blood Levels . This can occur either due to cells not responding to the insulin that is produced or because the body fails to produce sufficient insulin. Polyuria, also known as repeated urination, polydipsia, often known as excessive thirst, and polyphagia, also known as elevated hunger, are the characteristic symptoms observed in individuals with high blood sugar. There are three main types of diabetes: Type 1 diabetes originates from the body's inability to produce insulin, requiring insulin injections for the individual. (This condition is also known as insulin-dependent diabetes mellitus, or IDDM for short, & it is additionally known as juvenile diabetes.) Diabetes type 2 is a condition that is caused by insulin resistance, which is an illness in which cells fail to utilize insulin correctly. This condition is occasionally accompanied by an absolute deficiency of insulin.(Ross et al., 2002). Glucose mostly comes from foods we eat. Primarily, carbohydrate-rich food is metabolized into glucose and utilized for energy. After food is metabolized into glucose, it enters the blood and is distributed to all body cells. Nevertheless, for glucose to enter the cell, a specific helper and cell receptor are required. The helper required for glucose to penetrate the cell is termed insulin. The pancreas is responsible for the production of the hormone insulin. The receptors on cells are similar to doorways, allowing insulin to guide glucose into the cells. (Wilhelmina et al., 2020). Cranberries are rich in polyphenols, & epidemiological research demonstrates that a diet rich in polyphenols can decrease risk factors for CVD and diabetes. The objective of this research is to examine if short-term use of cranberry beverage would enhance the sensitivity to insulin and other cardiovascular risk factors. (Mahasin et al., 2020). Nonetheless, the advantages of cranberries for those with prediabetes or diabetes remain unclear. Some investigations indicate an enhancement in postprandial & fasting blood glucose levels (Chew et al., 2018). Others haven’t observed significant alterations in glucose tolerance or sensitivity to insulin. Individuals with type 2 diabetes have been directed to ingest 500 milligrams of cranberry powder or a placebo three times per day for twelve weeks. An insignificant change in fasting glucose or insulin levels has been noted between the management. Further research (Liu et al., 2016) revealed that the consumption of light cranberry juice twice per day for eight weeks didn’t significantly alter blood glucose levels in females with metabolic syndrome. Although prior research has utilized surrogate indicators of insulin resistance, such as the homeostatic model assessment of insulin resistance, no research has utilized the gold standard technique, namely the hyperinsulinaemic-euglycaemic clamp, to evaluate sensitivity to insulin in humans after consumption of cranberry. A useful evaluation of risk factors that contribute to the progression of CVD & diabetes might also be obtained by the examination of endothelial function through the utilization of vascular reactivity & indicators of oxidative stress. (Tian et al., 2019). There are several health advantages that may be derived from the antioxidants, vitamins, and minerals that are present in blackberries. Antioxidants, including anthocyanins, have several anti-inflammatory and antimicrobial properties. They can additionally reduce diabetes and specific types of tumors. (Lifestyle Management, 2018). Cranberries are a superior source of insoluble fiber. Fiber has an essential role in the digestive process by raising the bulk of stools to make them easier to pass. Constipation, which is the most prevalent gastrointestinal condition in the United States, can be alleviated by eating a diet that is rich in fiber. Regular bowel movements are an essential component in preserving the health of the colon. (Adeva-Andany et al., 2019). Cranberries are among many kinds of berries thought to positively influence insulin resistance and levels of triglycerides. Consequently, studies see blackberries as advantageous for diabetes treatment, particularly when consumed fresh or frozen. (Burton et al., 2018). Cranberries are usually rich sources of fiber. Due to the same reason, it can help decrease blood sugar concentration and prevent weight gain. Having a low glycemic index, they are less likely to increase blood sugar levels. However, the fructose and glucose present in blackberries can cause hyperglycemia. This may result in blackberries giving a low food score. (Stote et al ., 2019). Consuming blackberries was found to have a positive effect on diabetics. Also, including berries in the diet was has been found to help break down fat to break down fat. Blackberry was found to inhibit body weight by 40.5%. Studies found that having around 150 grams per day in normal conditions and 600 grams in obese conditions has proven helpful. Following a healthy and balanced diet is key to maintaining a healthy lifestyle (Santana et al., 2018). The principal groups of polyphenolic flavonoids found in berries are flavanols, flavan-3-ols, & anthocyanidins, including delphinidin & cyanidin. The latter represent the red, blue, & purple colors of berries. The concentrations of polyphenols differ according to the fruit type & the processing it has received. The USDA Database for Flavonoid Content of Chosen Foods summarizes mean flavonoid content for frequently consumed berry products. (Jeon et al., 2018). The average total anthocyanin concentration in raw forms of regularly consumed berries is around sixty-eight milligrams per one hundred grams for cranberries, fifty-three milligrams per one hundred grams for blueberries, forty-seven milligrams per one hundred grams for raspberries, and two milligrams per one hundred grams for strawberries. A notable variance in flavonoid content can be observed when comparing raw blueberries with raw bilberries (both belonging to the genus Vaccinium, commonly referred to as "the European blueberry"); bilberry anthocyanins average approximately 174% of the quantity present in blueberries, while raw bilberries contain twenty times more cyanidin (eighty-five milligrams per one hundred grams compared to four milligrams per one hundred grams) and four times more delphinidin (ninety-seven milligrams per one hundred grams versus twenty-one milligrams per one hundred grams) than an equivalent weight of blueberries.(Aaron et al., 2020)
2- AIM OF STUDY: -
      The goal of this investigation is to identify the effect of different amounts of cranberries (Rubus fruticosus) on biochemical changes in hyperglycemic mice.
3- MATERIALS AND METHODS: -
A- Source of Cranberries (Rubus fruticosus): Cranberries were purchased from Al-Baha City, KSA, local market, washed, cleaned, blended, & ground into fine powder utilizing an electric grinder. To reduce oxidation, they were stored in dark-stoppered glass bottles until ready to be used. according to (Russo, 2001).
B-Rats: Twenty-four male Sprague Dawley rats (number=24), weighing between 150 and 170 grams, have been acquired from the Animal Unit of Egypt's Ministry of Health at Helwan Farm. For a duration of two weeks, the rats have been housed in solitary plastic enclosures inside regulated conditions, maintaining a temperature of twenty-two degrees Celsius and a twelve-hour light/dark cycle at the Faculty of Home Economics, Menoufia University, Egypt. Rats have unlimited access to water and food. All investigations adhered to the National Institutes of Health's Guiding Principles for Animal Care and Use. Following a two-week acclimatization period, rats have been weighed & randomly assigned to one of two groups: diabetic (eighteen rats) and normal (six rats).

C- Induction of Diabetes (T1DM): Following two weeks of acclimatization of rats, type 1 diabetes mellitus has been triggered by injections of Streptozotocin (STZ) intraperitoneally as reported before. The rats have been injected with a dose of seventy-five milligrams per kilogram intraperitoneally with streptozotocin (Sigma-Aldrich, St. Louis, MO, the United States of America). Subsequently, all rats underwent an eight-hour fast, after which blood samples have been collected from the retro-orbital veins to assess blood glucose levels. The investigation involved diabetic rats with blood glucose levels above 250 milligrams per deciliter. After excluding rats with blood glucose levels below 250 milligrams per deciliter and those who died, twenty-four rats were incorporated into the investigation and eventually developed diabetes. In addition, diabetic rats.

 

D- Diets:
- Basal diet: The basal diet comprises protein (ten percent), corn oil (ten percent), choline chloride (0.2 percent), cellulose (five percent), a combination of vitamins (one percent), a salt combination (four percent) (Hegested et al., 1941), & corn starch (to one hundred percent). in accordance with AIN (1993)
E- Experimental Design
The investigation encompassed all normal (six rats) and diabetic (eighteen rats). Along with the experimental procedure, all rats included in the research have been nourished with the standard nutrition. The suggested therapies have been administered orally once per day. AIN., (1993) The weights of the rats have been documented, and the diabetic rats have been categorized into experimental groups appropriately. The subsequent groups were the experimental groups:

1. The non-diabetic group (ND-Gr) comprised six normal rats that were administered two milliliters of distilled water orally once each day per rat.

2-           The diabetic control group (DC-Gr) comprised six diabetic rats, each administered two milliliters of distilled water orally once a day.

3-           The diabetic group (DC-Gr), comprised six rats, received a basal diet + 7% cranberries.

4-           The diabetic group (DC-Gr), consisting of six rats, received basal diet + 9% 

cranberries.

F- Biological evaluation:
The biological assessment of the diverse diets has been conducted by calculating the food efficiency ratio (FIR) and body weight gain % (BWG) in accordance with (Chapman et al., 1959) utilizing the following formulas:
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G- Blood sampling: Initially, samples of blood have been collected from the retro-orbital vein following a fasting period of twelve hours, while at the end of each experiment, they have been gathered from the hepatic portal vein. Samples of the blood have been gathered into clean, dry centrifuge glass tubes & permitted to clot in a water bath at thirty-seven degrees Celsius for twenty-eight minutes. The serum was subsequently separated by centrifuging the tubes at four thousand revolutions per minute for ten minutes. The serum has been cautiously aspirated & transferred to a clean Eppendorf tube, where it was kept at minus twenty degrees Celsius until analysis. This method was labeled by (Schermer,1967).
H- Biochemical Analysis:
Lipid profile:
- Measurements of serum triglycerides: The serum triglycerides have been measured utilizing enzymatic methods and kits in accordance with (Young, 1975 and Fossati,1982).
- - Measurements of serum total cholesterol: Serum total cholesterol has been measured using the colorimetric technique previously explained by (Thomas,1992).
Measurements of high-density lipoprotein (HDL-c): high-density lipoprotein has been estimated in accordance with the technique established with (Fredewaid 1972 & Grodon & Amer, 1977).
-  - Measurements of very low-density lipoprotein cholesterol (VLDL-c): very low-density lipoprotein cholesterol has been measured in milligrams per deciliter in accordance with (Lee & Nieman,1996).
Measurements of low-density lipoprotein cholesterol (LDL-c): low-density lipoprotein cholesterol has been determined in milligrams per deciliter in accordance with (Lee and Nieman ,1996).
- Determination of atherogenic index (AI): Determination of AI = (LDL-c + very low-density lipoprotein cholesterol) (Kikuchi-Hayakawa et al., 1998).
Liver functions:
- Measurements of alanine transaminase were conducted regarding the procedure of (Clinica Chimica Acta, 1980).
- Measurements of aminotransferase (AST) Measurements of serum aminotransferase have been carried out in accordance with the technique of (Hafkenscheid ,1979).
- Measurements of serum globulin: Serum globulin has been determined in accordance with the method defined by (Henry, 1964).
- Serum albumin (SAlb): Serum albumin has been determined with regard to the technique described by (Doumas et al., 1971).
Kidney functions:
- Determination of serum urea: Urea has been determined by enzymatic technique in accordance with (Patton & Crouch ,1977).
- Measurements of serum creatinine: Serum creatinine has been measured in accordance with the technique expressed with (Henry ,1974).
- Measurements of serum uric a`: Serum uric a been measured calorimetrically in accordance with the technique of (Barham & Trinder ,1972).
- Measurements of blood glucose: Enzymatic measurements of serum glucose have been performed calorimetrically in accordance with the technique of (Tinder ,1969).
I. Statistical analysis:
The student-Newman-Keuls test has been utilized to separate the means after a significant main effect has been discovered. The data was examined via an entirely randomized factorial design [SAS, 1988]. Treatment variances (P0 value less than 0.05) have been deemed significant by the Costat Program. Analyses of biological outcomes were conducted using one-way ANOVA. (Snedecor and Cochran, 1967 )
·       
4- RESULTS AND DISCUSSION
Biological results.
Influence of various levels of cranberries (Rubus fruticosus) on body weight gain %, feed intake, & feed efficiency ratio (FER) of diabetic rats.
    The effect of feeding different levels of cranberries on feed intake, feed efficiency ratio, & body weight gain is illustrated in Table 1. In terms of the feed intake, the control group consumed 12.9±0.38 grams per day, whereas the control group consumed 10.2±0.33 grams per day. On the other hand, as compared to the control (+), the feed intake for groups 3 and 4 was found to be lower. The results for these parameters were 8.54 ± 0.35 and 8.38 ± 0.38 g/day, respectively. The feed efficiency ratio was 0.117 ± 0.011 for control (-), whereas the values reduced in group control (+) and increased in groups 3 and 4, correspondingly. It was 0.125 ± 0.02 and 0.138 ± 0.007 correspondingly. Nevertheless, such reeducation is statistically significant.

- Outcomes of BWG was 42.27 + 2.51 g for the control (-) group & decreased for groups control, 3, & 4 correspondingly. The values were 28.28 ± 4.69 and 30.12 ± 3.46 g, respectively. This reduction is statistically significant when compared with the negative control & insignificant with the positive control, except for group 3.

These outcomes are in line with those stated by (Chew et al. ,2018). They stated that cranberries able to diminish feed intake that contains enzymes are believed to help to improve metabolism and remove toxins from the body, which helps to detoxify and lose excess weight. It is believed that cranberries are far in reducing the levels of harmful cholesterol in the body, & this makes it related to weight loss.

Table (1): Influence of various concentrations of cranberries (Rubus fruticosus) on BEG %, feed intake, & FER of rats with diabetic.
	Intervals
	G1 

Control (-ve)
	G2 
Control (+ve)
	G3

 7% Cranberries
	G4 

9% Cranberries

	Feed intake g/day
	12.9a±0.38
	10.2b±0.33
	8.54c±0.35
	8.38°±0.38

	BWG g/28 days
	42.27a±2.51
	28.28c±4.69
	30.12°±3.46
	32.41b±7.56

	FER
	0.117 b ±0.011
	0.099d±0.02
	0.125 b ±0.02
	0.138a±0.007


Values in each column with various letters are significantly diverse (P-value not more than 0.05)
Influence of various levels of cranberries (Rubus fruticosus) on blood glucose of diabetic rats.
Blood glucose in diabetic rats nourished on various concentration of cranberries (7 and 10%) is demonstrated in Table (2). The control (-) group in the first week presented a level of 98.5 ± 1.21 mg, and the control (+) showed a level of 369.5 ± 1.5 mg, which is statistically higher than control; all groups were higher than control (-). There is an insignificant variance among controls. and group 3. However, group 4 was significantly decreased in comparison with the control (+). The values were 352.2 ± 3.5 mg, respectively. While the control (-) group in the second week presented 92.2 ± 0.98 mg, the control (+) illustrated a level of 388.7 ± 0.5 mg; all groups were lower than control (+). There was an insignificant difference between groups 3 and 4, with values of 345.7 ± 6.1 mg and 349.4 ± 4.1 mg, respectively. The control (-) group in the third week showed 90.7 ± 1.34 mg, while the control (+) group showed 392.3 ± 2.7 mg. All experimental groups had values higher than the control (-) group but lower than the control (+) group. In the fourth week, the blood glucose level for the control (-) group was 89.8 ± 0.87 mg, while for the control (+) group, it was 402.1 ± 1.2 mg. All groups had values higher than the control (-) group and lower than the control (+) group. Significant differences were observed among all groups, with group 4 showing the lowest value. These results are consistent with those reported by Liu et al. (2016), who found that cranberries provided significant protection by reducing blood sugar levels.

Table (2): Blood glucose (mg/dL) concentration in diabetic rats fed various levels of g of cranberries (Rubus fruticosus) (7% and 10%).
	Intervals
	G1 

Control (-ve)
	G2 

Control (+ve)
	G3

 7% Cranberries
	G4 

9% Cranberries

	1st week
	98.5e ±1.21
	369.5a ±1.5
	369.5a ±5.4
	352.2b ±3.5

	2rd week
	92.2e ±0.98
	388.7a ±0.5
	345.7b±6.1
	349.2b ±4.1

	3 rd week
	90.7e ±1.34
	392.3a ±2.7
	314.7b ±1.6
	288.5C ±1.03

	4th week
	89.8f±0.87
	402.la±1.2
	290.2b ±4.6
	269.lc±0.5


Each value represents the mean of 6 rats ± SD. Values significantly variant compared to diabetic group: P 5 0.05. Same letter means insignificant.
Effect of feeding different levels of cranberries (Rubus fruticosus) (7% and 10%) on Hb glycosylated level in diabetic rats.
Table (3) presented the Hb glycosylated in diabetic rat’s blood fed different levels of cranberries (7 and 10%). The control (-) group in the first week illustrated a level of 5.40 ± 0.13 grams per deciliter; control (+) was 11.79 ± 1.15 g/dl. A significant variance has been observed among all groups and both controls. There is an insignificant variance between groups (3 and 4). While the control (-) group in the second week presented a level of 5.21 ± 2.04 g/dl. Control (+) was 11.79 ± 3.87 g/dl. There is an insignificant variance among groups (3 and 4), while the other tested groups were significantly decreased in comparison with the positive control & elevated compared to the negative control. The control (-) group in the third week presented a level of 5.26 ± 3.67 g/dl. Control (+) was 11.8 ± 0.57 g/dl, which showed a significant variance in relation to the other groups. The control (-) group in the fourth week presented a level of 4.97 ± 3.05 g/dl. Control (+) was 11.9 ± 1.51 g/dl. There is an insignificant variance among groups (3 and 4). There is no available data in the literature concerning the effect of cranberries on glycosylated Hb. (Jeon et al ., 2018) indicated that glucose-lowering effects are most frequently related to the high-level dose of cranberries, which affects glucose and insulin concentration.

Table (3): Influence of feeding various concentrations of cranberries (Rubus fruticosus) (7% and 10%) on Hb glycosylated level in rats with diabetic.
	Intervals
	G1

Control (-ve)
	G2

Control (+ve)
	G3

7% Cranberries
	G4

9% Cranberries

	1st week
	5.40e±0.13
	11. 79a ±1.15
	11.08b±1.51
	10.98a±3.05

	2rd week
	5.21f±2.04
	11.793±3.87
	10.98b±2.64
	10.78b ±1.73

	3rd week
	5.26d±3.67
	11.8a± 0.57
	10.72b±1.52
	10.63b±3.78

	4th week
	4.97e±3.05
	11.9a ±1.51
	10.53b±0.57
	10.4 1b ±4.35


Influence of feeding various concentrations of cranberries (Rubus fruticosus) (7% and 10%) on liver function in (u/L) in diabetic rats.
The influence of feeding various concentrations of cranberries (7% and 10%) on liver functions is demonstrated in Table (4). The control (-) presented a level of 25.1 ± 0.27 u/L for aspartate amino transferase (AST), while the positive control (+) presented 34.2 ± 0.11 u/L. There is an insignificant variance among control (+) and groups 3 and 4; the values were 34.2 ± 0.11, 32.5 ± 0.21, and 30.1 ± 0.50, respectively.

- The control (-) group illustrated a level of 19.8 ± 0.31 u/L for alanine amino transferase, whereas the control (+) presented 28.9 ± 1.51 u/L. There are no statistical variances among control (+) and groups 3 and 4. The values were 28.9 ± 1.51, 27.4 ± 2.5, and 24.4 ± 2.51 u/L, correspondingly.

- In the case of alkaline phosphates (ALP), the control (-) group noted a level of 80.1 ± 0.97 u/L, while the control (+) presented 97.7 ± 2.41 u/L. Groups 2 and 3 showed statistical differences when compared to the others. The findings of (Dhamija et al.,2019) indicate that cranberry greatly mitigates NAFLD in a dose-dependent way, attributable in part to its antioxidant & anti-inflammatory properties, as well as its capacity to enhance the sensitivity to insulin. Our study demonstrates, for the first time, that cranberries have significant anti-fibrotic efficacy.
Table (4): Influence of feeding various concentrations of cranberries (Rubus fruticosus) (7% and 10%) on liver function in (u/L) in rats with diabetic.
.
	Parameters
	G1

Control (-ve)
	G2

Control (+ve)
	G3

7% Cranberries
	G4

9% Cranberries

	AST(U/L)
	25.1b ±0.27
	34.2a ±0.11
	32.5a ±0.21
	30.1a ±0.50

	ALT(U/L)
	19.8c±0.31
	28.9a 1.51±
	27.4a ±2.5 
	24.4a ±2.51

	ALP (U/L)
	80.1c±0.97
	91.1 a ±2.41
	93.7 a ±4.16
	88.lb ±4.01


Influence of feeding various levels of cranberries (Rubus fruticosus) (7% and 10%) on kidney function (mg/100 ml) in diabetic mice.
The influence of feeding various levels of cranberries (7% and 10%) on kidney function is demonstrated in Table (5). Concerning creatinine, group (1) illustrated no statistical difference between this group and all groups. The control (-) presented a level of 3.84 ± 0.152 mg/dl for albumin, and the control (+) presented a level of 2.81 ± 3.05 mg/dl. All groups 3 & 4 values illustrated statistical variances when compared to the control (-) group. The values were 3.09 ± 2.31 & 2.90 ± 0.05 mg/dl, correspondingly, for groups 4 and 3.

For uric a`, the control (+) group illustrated a level of 2.95 ± 0.22 milligrams per deciliter. There is no statistical variance among these groups & the control (-) group. The control (-) group illustrated a level of 25.2 ± 1.15 milligrams per deciliter for urea nitrogen, and the control (+) group illustrated a level of 48.46 ± 0.1 milligrams per deciliter. Groups 3 and 4 illustrated higher values than control (-), respectively, and this increase was statistically significant. No significant variations exist among groups 3 and 4. (Livia et al., 2019). They propose that cranberry supplementation may provide health benefits, including the prevention of urinary tract infections. More currently, the antioxidant and anti-inflammatory effects in addition to the modulation of gut microbiota are given by cranberry phytochemicals.

Table (5): Influence of feeding various concentrations of cranberries (Rubus fruticosus) (7% and 10%) on kidney function (mg/100 ml) in rats with diabetic.
	Parameters
	G1

Control (-ve)
	G2

Control (+ve)
	G3

7% Cranberries
	G4

9% Cranberries

	Creatinine (mg/l00ml)
	0.69s±0.31
	1.96a±0.21
	1.82a±0.07
	1.67b±0.02

	Albumin (mg/l00ml)
	3.84a±0.152
	2.81e±1.05
	2.90d±0.05
	3.09c±2.31

	Uric Acid (mg/l00ml)
	2.35f±0.15
	2.95a±0.22
	2.82b" ±1.00
	2.75c±0.11

	Urea Nitrogen (mg/l00ml)
	25.2d ±1.15
	48.46a±0.1
	42.76b±1.3
	40.21b±0.7


 
Influence of feeding various concentrations of cranberries (Rubus fruticosus) (7% and 10%) on blood lipid profile (milligrams per deciliters) in diabetic rats.
Blood lipid profile has also been influenced by feeding different levels of cranberries (7% and 10%) as illustrated in Table (6). The control (-) presented a level of 75.43 ± 1.19 milligrams per deciliter for total cholesterol. Control (+) presented a level of 100.33 ± 2.15 milligrams per deciliter; there were significant variances among control (+) and all groups. The values were 95.47 ± 0.13 and 95.57 ± 3.21 milligrams per deciliter for groups 3 and 4, correspondingly.

For triglycerides, the control (+) presented a level of 22.8 ± 0.03 milligrams per deciliter. There is an insignificant variance between control (+) & groups 3 and 4; the values were 20.4 ± 2.01 and 19.36 ± 0.02 mg/dl for groups 3 and 4, correspondingly.

In case of high-density lipoprotein cholesterol, the control (-) presented a level of 53.94 ± 0.12 milligrams per deciliter, and the control (+) presented a level of 40.87 ± 1.15 milligrams per deciliter. There is an insignificant variance between control (+) and groups 3 and 4. However, all groups’ values illustrated statistical differences in relation to control (-).The control (-) group illustrated a level of 20.2 ± 1.17 milligrams per deciliter for LDL-c. There is no statistical variance among control (+) and group (3).

- There was significant variance among both controls and the other groups for LDL-c; control (+) presented a level of 4.56 ± 2.34 mg/dl, & for very low-density lipoprotein cholesterol, the values of other groups were 4.08 ± 0.74 & 3.87 ± 0.24 for groups 3 and 4, respectively. The findings are consistent with those reported in previous research conducted by  accordance with the findings obtained in research performed by (Williams et al., 2023). The meta-analysis indicated that eating cranberries enhances the blood total cholesterol & HDL-c ratio, as well as HOMA-IR values. The outcomes must be taken cautiously since only a limited number of RCTs include these two criteria. The existing proof regarding the effectiveness of cranberry supplementation in relation to various blood lipid profiles and glycemic management remains insufficient. Cranberries in dried form (capsules, powder, & tablets) may have a decreasing influence on fasting insulin, & it is appropriate to carry out additional investigations on this form of supplementation in the future. In general, high-quality RCTs are needed to set our results & provide convincing proof on cranberry supplement dosages, even the dose of particular polyphenols. The study procedure must standardize & quantify the dose of the cranberry supplement while regulating variables like food intake and physical activity.

Table (6): Influence of feeding various concentrations of cranberries (Rubus fruticosus) (7% and 10%) on blood lipid profile (mg/dL) in rats with diabetic.
	Parameters
	G1

Control (-ve)
	G2

Control (+ve)
	G3

7% Cranberries
	G4

9% Cranberries

	Total cholesterol

(mg / dL)
	75.43f±1.19
	100.33a ±2.15
	95.47b±0.13
	95.57b±3.21

	Triglycerides 

(mg / dL)
	6.48d±0.13
	22.8a 0.03±
	20.4a ±2.01

*
	19.36a±0.02

	HDL-cholesterol

(mg / dL)
	53.94d±0.12
	40.87b±1.15
	40.89b±0.04.
	43.90b±0.97

	LDL-cholesterol

(mg / dL)
	20.2d ±1.17
	54.9a ±4.34
	50.5a ±0.74
	47.8b ±0.24

	VLDL-cholesterol

(mg / dL)
	1.29f±1.17
	4.56a±4.34
	4.08b±0.74
	3.87c±0.24


5. Conclusion
Based on the biochemical outcomes, cranberry exhibited anti-glycemic effects against the model that triggered diabetic rats. Cranberries significantly reduced oxidative stress and improved the inflammatory condition. Notably, insulin sensitivity has been enhanced with cranberry consumption. As such, researchers view cranberries as beneficial for the management of diabetes, particularly if eaten frozen or fresh. The plant's compounds may help decrease blood sugar concentration and avoid weight gain. Also help in maintaining normal kidney function.
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