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Abstract 

  
Background: Diabetes mellitus is one of the common causes for 

activation of platelet. Inflammation-induced abnormal platelet function 

contributes to chronic complications, which are consider the leading 

causes of death and morbidity among diabetics.  
Objective: Rac1, a 21kD G-protein has been shown to regulate a variety 

of platelet functions; we predicted that Rac1 could regulate platelet release 

of CXCL4 and CCL5, which may leads to organ injury in Diabetes 

Mellitus.  

Patients and Methods: Diabetes Mellitus' effect on Rac1 activation 

implicated in platelet activation, was investigated as platelet-induced 

inflammation and organ injuries. Swiss albino male mice were pretreated 

with 5 mg/kg of a specific Rac1 inhibitor NSC23766 and injected with (45 

mg/kg body wt.) streptozotocin, twice for five days. Moreover, the 

concentration of serum chemokines CXCL4 and CCL5 were assayed using 

ELISA, and histology scores for kidney and pancreas was examined.  

Results: Our results show that Diabetes Mellitus was induced in mice by 

streptozotocin. In addition, platelet chemokines (CXCL4, CCL5) were 

markedly higher in diabetic mice when compared to the sham group. 

Moreover, pretreatment of diabetic mice induced by STZ, with NSC23766 

decreased kidney and pancreatic injuries assessed by histology score, P-value 

<0.05.  

Conclusion: Our study reveals that Rac1 has a critical role in platelet 

chemokines secretion due to diabetes-induced inflammation in the kidneys 

and pancreas, and targeting Rac1 could be a target for innovative 

treatment to control inflammation in a diabetic individual. Targeting 

platelets involved in inflammatory pathways could be part of a strategy in 

order to control and manage diabetes consequences 
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Introduction

    Diabetes Mellitus (DM) is a state in which 

set to be the failure of the Langerhans islet of 

the pancreas to produce sufficient insulin, or 

for the body to resist insulin [1]. The figures 

of people with diabetes are expected to soar 

by 550 million by the end of the year 2035 

[2]. Diabetes has adverse consequences that 

are mainly because of its micro and 

macroangiopathy which lead to several 

debilitating neurological complications and 
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nephropathies and serious glomerular 

complications develop leading to dropping 

the level of GFR and eventually renal failure 

[3], [4]. The overall prevalence of diabetic 

kidney disease among US people with 

diabetes did not change significantly between 

1988 and 2014, whereas albuminuria 

prevalence decreased and lowered eGFR 

prevalence rose [5]. Pre-diabetic individuals 

or impaired glucose tolerance subjects have 

demonstrated lower levels of mean platelet 

volume (MPV) than diabetic people in 

several studies [6]. Higher platelet activity is 

frequently found to be more in diabetic 

patients, platelet glycation proteins 

promotion is directly link to platelet 

reactivity [7]. Diabetic patients are doomed 

to develop higher platelet reactivity, as both 

insulin resistance and deficiency levels up 

platelet reactivity [8]. Chronic diabetic 

patients in general, are not an exclusion of 

the vicious circle in which hyperglycemia 

leads to high platelet activation: the latter is 

thought to be contributing to the production 

of the reactive oxygen species (ROS) in 

endothelium since this has been shown in 

several studies. Other than this ROS 

production in endothelium happens directly 

due to glucose metabolism and autooxidation 

indirect ROS production may also occur via 

the development of pro-inflammatory 

cytokine receptors for advanced glycation 

end products (RAGE) [9]. The cytosol of 

platelets embed proinflammatory derivatives 

like CXCL4 which is sent to be important 

and mainly produced from mRNA and the 

fate is to be spilled on platelet activations. 

This proinflammatory derivative is released 

upon platelet activation during CLP mice 

which in its turn leads to the expression of 

CXCL4 and CCL5, which may cause 

aggregation of other immune cells and 

exaggerate inflammation during abdominal 

sepsis [10], [11]. The previous study showed 

that Rac1 plays crucial role in diabetes 

mellitus as a signaling molecule [12]. 

Furthermore, platelet secretion of CXCL4 

and CCL5 in sepsis is also controlled by 

Rac1 [10], [11], [13]. Numerous theses have 

emphasized the principal contribution of 

Rac1 in sepsis, lamellipodia formation, and 

the activation of phospholipase, granule 

secretion and clot retraction in platelets. So 

far, the molecular and cellular mechanisms 

that contribute to the inflammation and 

complication effects of diabetes are only 

partially recognized. Rac1 is a small GTPase 

protein playing a potential role in diabetes 

mellitus, hence the present study aimed to 

investigate the Rac1 role in releasing CXCL4 

and CCL5 from platelets in diabetes mellitus 

and the inhibition of Rac1 to protect against 

kidney damage due to diabetes mellitus. 

Patients and Methods  

Animals 
   Swiss albino male mice were used in all 

experiments 8–9 weeks of age (weight:20–25 

g). The Department of Pharmacy Hawler 

Medical University, Iraq, by welfare 

standards legislation, and the Regional 

Animal Experimentation Ethical Committee 

has given its approval. The animals were 

housed in a pathogen-free environment with 

a 12-to-12-hour light–dark cycle. Water and 

food were provided twice daily. Clean and 

fresh drinking water was provided specific 

nipple was used to access ad libitum. The 

trials were conducted after a 7-day 

acclimatization period. Animals were sub-

grouped into three groups sham (injected 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941


  Diyala Journal of Medicine 

 

 
   

  
 

 

37                                    
 

April  2023 ,Volume 24, Issue 1 

ORIGINAL RESEARCH  
Published: 5  April 2023 

Doi: 10.26505/DJM.24016780803     

 

with saline only), vehicle (injected with 

streptozotocin) and treatment group which 

was pretreated with NSC23366 and 

streptozotocin (NSC+STZ), each group 

containing five mice. With environment 

enrichment, the mice were maintained in 

cages with no more than five mice per cage 

in each group.  

Materials 

  Streptozotocin (STZ; Glentham Life 

Science. Ltd., U.K.), is the chemical used to 

induce  diabetes mellitus [14]. NaOH the 

buffer that uses for preparation of 

Streptozotocin, was made by dissolving (10.7 

g) of sodium citrate in (200 ml) of distilled 

water. And (9.6 g) of citric acid was added 

and the volume completed to l000 ml with 

distilled water. By adding (NaOH) to the 

solvent, the pH of the solution was adjusted 

to (4.5). NSC23766 (N6‐[2‐[[4‐

(Diethylamino) ‐1‐methylbutyl] amino] ‐6‐

methyl‐ 4‐pyrimidinyl] ‐2 methyl‐4, 6‐

quinolinediamine trihydrochloride, Chem 

Cruz, Santa Cruz Biotechnology, California). 

The Accu-Chek Active blood glucose meter. 

Animal experiments 

  5 mg/kg of Rac1 inhibitor (NSC23766) was 

administered intraperitoneally to the animals. 

Based on past research, this dose of 

NSC23766 was chosen [13], [15], [16]. After 

30 minutes, the animals were treated using 

multiple (i.p.) STZ (45 mg/kg body weight) 

was injected intraperitoneally into the 

experimental mice to produce diabetes 

mellitus. STZ was dissolved in a buffer of 

0.01 M sodium citrate (pH = 4.5) and given 

to mice for five days. This dose of STZ is 

selected based on previous study [17]. To 

minimize hypoglycemia produced by STZ, 

After the injection, the animals were given a 

glucose solution (5 percent w/v) to drink 

overnight. Sham mice were given an 

equivalent dose of vehicle (citrate buffer) 

only. For 5 days, STZ and NSC+STZ-treated 

mice were housed in normal settings after 

dosing was completed. After this time mice 

developed diabetes by measuring fasting 

blood glucose levels were approximately 

11.1 mmol/l. Blood samples from the tail 

vein of NSC+STZ and STZ-treated mice 

were taken after a 12-hour fast to assess 

blood glucose levels. Diabetes was defined as 

fasting blood glucose levels higher than 11.1 

mmol/l in diabetic mice [17]. And hence they 

were selected for further studies. 

Intravenously, Sedation was achieved by 

administering 75 mg ketamine hydrochloride 

(Hoffman-La Roche, Basel, Switzerland) and 

25 mg xylazine (Janssen Pharmaceutica, 

Beerse, Belgium) kg-1 body weight. The 

Animals were harvested and blood took from 

Vena Cava. The serum was allowed to 

coagulate at room temperature for 10-20 

minutes. before being centrifuged for 20 

minutes at 2000-3000 RPM. The serum was 

extracted from the supernatant and kept at 

80°C for use in an ELISA test later. For 

histopathology, the kidney was preserved in 

formaldehyde. 

Biochemical determination 

   Before the start of the procedure, all 

experimental animals' blood glucose levels 

were monitored. Fasting blood glucose levels 

were checked regularly until diabetes was 

confirmed. Mice with a fasting blood glucose 

level of 11.11 mmol/l or above were 

classified as diabetic. Blood was collected 

from the tail veins of all experimental 

animals (2–3 µl). An Accu-Chek active blood 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941
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glucose meter was used to monitor blood 

glucose levels. 

ELISA 

   Serum CXCL4 and CCL5 levels were 

measured successfully in all groups of mice 

and samples were assessed by enzyme-linked 

immunosorbent assay (ELISA) using the 

(Mouse Platelet Factor 4 ELISA Kit, BT 

LAB Cat. No E0686Mo) and (Bender 

MedSystems, Vienna, Austria kit.). 

Following the manufacturer's directions, at 

450 nm absorbance was measured; and 

standard curve had been set on each 

microplate by diluting a known concentration 

standard. Using a logistic curve-fitting 

technique, the mean absorbance for the wells 

was used to calculate the chemokine 

concentration for each sample. The linear 

section of the standard curve contained all of 

the absorbance values. The data were 

represented as ng/ml and pg/ml respectively. 

Histology 

   Kidney and pancreatic tissue were fixed 

overnight in a 10% formaldehyde phosphate 

buffer before being dried and paraffin-

embedded. Hematoxylin and eosin were used 

to stain four-micrometer sections. A modified 

scoring system was used to quantify kidney 

injury in a blinded manner [18]. including 

mixed inflammatory cells, necrosis 

(irreversible injury), apoptosis, fibrosis, 

vascular congestion and edema, and 

degeneration (irreversible injury) Infiltration 

is evaluated on a scale of 0 to 4, zero 

represents (absence) and four represents 

(extensive). The mean value was calculated 

after assessing five random locations in each 

tissue sample. The sum of all six criteria 

determines the histology score. 

Statistical Analysis 

   The data was provided as mean values with 

standard error (SEM). Nonparametric tests 

were used to do statistical analyses (Mann-

Whitney). n is the total number of mice in 

each group, and P <0.05 was considered 

significant. Statistical analysis was performed 

using SPSS (IBM Corp., Armonk, N.Y., 

USA). 

Results 

Streptozotocin induced diabetes mellitus in 

mice 

   Injection of (45 mg/kg body wt.) of STZ 

into mice significantly increased the fasting 

blood sugar of mice compared to the sham 

group, P-value ˂0.05. However, the group 

delete treated with Rac1 inhibitor markedly 

reduced the high blood sugar induced by 

streptozotocin. Pretreatment of mice with 

5 mg·kg−1 of the Rac1 inhibitor (NSC23766) 

reduced the fasting blood sugar from 

556.20±26.65 to 375.20±20.7 with P-value 

˂0.05 Figure (1). So, attenuating Rac1 

activation by NSC23766 prevents high blood 

glucose which might induce platelet 

activation.

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941
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Figure (1): Blood Glucose concentration. Fasting blood glucose levels were measured on day of 

harvest after the mice were induced with STZ (Vehicle) for 5 days and pretreated with Rac1 

inhibitor (NSC23766). Data represent mean ± SEM (sham=5, vehicle=5). *P ˂0.05 vs. sham 

 

Rac1 regulates platelet secretion of 

CXCL4 and CCL5 in DM   

   Diabetes mellitus increased plasma levels 

of CXCL4 from 6.40±0.4 ng/ml in sham 

mice up to 13.60±1.32ng/ml, corresponding 

to a 2.12-fold increase Figure (2A). 

Moreover, DM increased the level of CCL5 

from 21.800±1.908 pg/ml in sham mice to 

67.400±7.332 pg/ml, a 3-fold increase in 

vehicle group induced with STZ Figure (2B). 

We found the induction of diabetes mellitus 

by injecting (45 mg/kg body wt.) SZT in 

plasma Figure (2) suggests that DM induces 

the platelet chemokine secretion of CXCL4 

and CCL5 in Diabetic mice. Notably, 

(NSC23766) a Rac1 inhibitor, significantly 

reduced DM-induced platelet aggregation 

and chemokines secretion in platelets Figure 

(2 A and B), showing that NSC23766 which 

is an effective inhibitor of Rac1 activation, 

also inhibits the increased level of platelet 

chemokines. Pretreatment with NSC23766 

attenuates serum levels of CXCL4 and CCL5 

in diabetic mice from 13.60±1.32ng/ml to 

7.20±0.8 ng/ml and from 67.4±7.332 pg/ml 

to 30±2.236 pg/ml respectively, equating to a 

drop of more than 50% Figure  

(2A and B).   

 

  
Figure (2): Activated platelets secrete chemokines in diabetic mice. A) ELISA was used to quantify the 

levels of CXCL 4 in the diabetic mice plasma. B) ELISA was used to quantify the levels of CCL5 4 in 

the diabetic mice plasma. Data represent mean ± SEM (sham=5, vehicle=5). *P ˂0.05 vs. sham 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941
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Histological alterations of kidney and 

pancreas in diabetic mice  

   Histological study based on a deposit of 

Inflammatory cells, necrosis, apoptosis, 

fibrosis, degeneration, vascular congestion, 

and edema. STZ exposure resulted in 

pathological alterations in the kidneys, 

degeneration (irreversible injury) (arrow 1 on 

vehicle picture), and infiltration of 

inflammatory cells (arrow 2 on vehicle 

picture), according to histopathology Figure 

(3B). Moreover, STZ exposure resulted in 

pathological alterations in the pancreas, 

degeneration (irreversible injury) (arrow 1 on 

the vehicle picture), and infiltration of 

inflammatory cells (arrow 2 on the vehicle 

picture), according to histopathology Figure 

(3B). Our result showed a high degree of 

kidney injury. The induction of DM by 

injection of streptozotocin, significantly 

induced kidney and pancreatic injuries in 

diabetic mice compared to the sham group 

(1.13±0.08) and (0.83±0.14) with P-value 

<0.05 Figure (3). However, administration of 

NSC23766 to the mice reduced the 

histological score in kidney and pancreas to 

0.26±0.21 and 0.32 ±0.16 respectively with 

p-value <0.05 Figure (3 A, B, C, D). 

A)                                                  B)                

 
       C)                                                 D) 

                     
Figure (3): Rac1 regulates kidney and pancreatic damage in DM. (A) Histology score in the kidney. (B) 

Representative H&E sections of the kidney are shown. (C) Histology score in the pancreas. (D) 

Representative H&E sections of the pancreas are shown. Animals were treated with streptozotocin 

(vehicle), or an Rac1 inhibitor (NSC23766) before DM induced by streptozotocin. Kidney and pancreas 

injuries scores, as described in Materials and Methods, 5 days after DM induction. Sham animals served 

as negative controls. Data represent mean±SEM, and n = 5. *P< 0.05 versus Sham; #P< 0.05 versus 

NSC23766 + STZ 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941
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   Discussion 

    The current findings suggest that Rac1-

mediated platelet activation and CXCL4 and 

CCL5 secretion from Platelets play an 

important role in diabetes mellitus 

pathogenesis. These data imply that Platelets 

play a critical role in diabetes, and that 

reducing Rac1 signaling and/or CXCL4 and 

CCL5 function could prevent complications 

associated with platelet activation and DM. 

Platelets are important for wound healing and 

thrombosis, but they also contribute to the 

host's response to bacterial invasion by 

performing a variety of pro-inflammatory 

actions [19]. Platelets, for example, govern a 

variety of features of Responses of 

leukocytes to severe infections, according to 

research [10], [11], [13]. Platelets have been 

demonstrated to play an important role in the 

development of diabetes mellitus in previous 

investigations however, in this study we 

found that the injection of mice with 

streptozotocin (45 mg/kg body wt.) 

significantly induce hyperglycemia compared 

to the sham group P-value <0.05. Similar to 

our study, previous studies showed the 

elevation of glucose after induction of 

streptozotocin [17], [20], [21], [22]. 

   However, the role of Rac1in the regulation 

of platelet chemokines in the DM has not 

been studied earlier. Induction of 

streptozotocin-induced DM, significantly 

increased platelet chemokine secretion. 

However, the induction of DM by 

streptozotocin was abolished by the pre-

treatment with Rac1 inhibitor (5 mg·kg−1), 

by more than 80% reduction Figure (2). This 

emphasizes the role of platelets and Rac1 in 

the DM molecular process.  Morover, the 

histological study showed pathological 

changes in the kidney and pancreas in 

diabetic mice induced by injection of 

streptozotocin. Pre-treatment with Rac1 

inhibitor (5 mg·kg−1) significantly reduced 

the kidney damage induced by 

hyperglycemia. 

   The role of platelets in renal damage was 

demonstrated in Previous studies [23], [24], 

[25], [26]. Talat et al showed that platelet 

count significantly increased in diabetic 

patients [27]. The glomerulus and tubule’s 

basement membrane thickens and this lead to 

the recruitment of inflammatory cells. Gene 

expression and protein production of 

extracellular matrix components such as 

collagen IV, laminin, and fibronectin increase 

when extracellular matrix components 

accumulate. The weight of the kidneys was 

reported to increase as a result of these 

changes [28]. 

  In platelets, CXCL4 and CCL5 are the most 

prevalent chemokines [10], [11]. Numerous 

studies have found that patients with 

metabolic syndrome had higher levels of (IL-

6), (TNF), CXCL16, and (CRP) than healthy 

people. Furthermore, metabolic syndrome 

has been linked to an increase in the number 

of immune cells such as leukocytes, 

monocytes, and platelets [29], [30], [31]. 

Interestingly, the level of CXCL4 and CCL5 

in diabetic mice's serum was higher than in 

sham animals, according to our findings 

Figure (2 A, B). 

   Rac1 has been implicated in the regulation 

of platelet chemokine production in previous 

investigations [10], [11], [13]. Furthermore, it 

is well known that high blood glucose levels 

assist in the development of reactive oxygen 

species (ROS) on the endothelium lining of 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941
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arteries [32], [33].  ROS, a signaling 

molecule produced by NADPH, is vital in 

advancing of inflammation and vascular 

damage in diabetes [33]. Rac1, a small G 

protein, is a key signaling molecule that 

connects intracellular signaling pathways to 

NADPH oxidase activity [35]. 

 Conclusions  

    In the present study, we showed that Rac1 

functions in platelet activation and that the 

chemokines CXCL4 and CCL5 are 

overexpressed in diabetic mice. In addition, a 

morphological change associated with DM in 

mice is a consequences of platelet activation. 

Rac1 inhibition may thus be a therapeutic 

drug to regulate diabetes mellitus via 

attenuation of chemokine, which is a 

signaling molecule in aggravating 

inflammation, as well as chemokine 

production, and organ damage by activated 

platelets in DM. 

Recommendations 

   This study shows the role of Rac1 in 

activation of platelet chemokines by 

measuring the platelet chemokenes (CCL5 

and CXCL4) and histology scores of kidney 

and pancreas. However, it is better to 

measure the effect of diabetes mellitus on 

other organ and role of Rac1 in the 

controlling the complications of diabetes 

mellitus on other organ like heart, lung and 

liver in the future studies. 

Aknowledgement   

  I want to express my heartfelt gratitude to 

my colleagues, Hawler Medical University 

and Salahadin University Research Center for 

providing me with the opportunity to work 

on this beautiful project and learn so much 

from them. 

Source of funding: The current study was 

funded by our charges with no any other 

funding sources elsewhere. 

Ethical clearance: Ethical approval was 

obtained from the College of Medicine / 

University  of Diyala ethical committee for 

this study. 

Conflict of interest: Nil 

References 

[1]Eizirik DL, Pasquali L, Cnop M. 

Pancreatic β-cells in type 1 and type 2 

diabetes mellitus: different pathways to 

failure. Nature Reviews Endocrinology. 2020 

Jul;16(7):349-62.  

[2] Atlas D. International diabetes federation. 

IDF Diabetes Atlas, 7th Edn. Bruss, 

International Diabetes Federation. 2015;33. 

[3] Chaurasia V, Pal S, Tiwari BB. Chronic 

kidney disease: a predictive model using 

decision tree. International Journal of 

engineering Research and technology. 2018 

Dec 9.  

[4] Misra A, Tandon N, Ebrahim S, Sattar N, 

Alam D, Shrivastava U, et al. Diabetes, 

cardiovascular disease, and chronic kidney 

disease in South Asia: current status and 

future directions. bmj. 2017 Apr 11;357.  

[5] Afkarian M, Zelnick LR, Hall YN, 

Heagerty PJ, Tuttle K, Weiss NS, et al. 

Clinical manifestations of kidney disease 

among US adults with diabetes, 1988-2014. 

Jama. 2016 Aug 9;316(6):602-10.  

[6] Kodiatte TA, Manikyam UK, Rao SB, 

Jagadish TM, Reddy M, Lingaiah HKM, et 

al. Mean Platelet volume in type 2 diabetes 

mellitus. Journal of laboratory physicians. 

2021 Jan;4(01):005-9.  

[7] Hwaiz RA. Rac 1 project against diabetes 

mellitus via attenuation of platelet 

chemokines. Innd 2 Hawler Pharmaceutical 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941


  Diyala Journal of Medicine 

 

 
   

  
 

 

43                                    
 

April  2023 ,Volume 24, Issue 1 

ORIGINAL RESEARCH  
Published: 5  April 2023 

Doi: 10.26505/DJM.24016780803     

 

Sciences Conference: HPSC 2019 November 

13-14, 2019 2019 Nov 13 (p. 81).  

[8] Balakumar P, Maung-U K, Jagadeesh G. 

Prevalence and prevention of cardiovascular 

disease and diabetes mellitus. 

Pharmacological research. 2016 Nov 

1;113:600-9.  

[9] Cosentino-Gomes D, Rocco-Machado N, 

Meyer-Fernandes JR. Cell signaling through 

protein kinase C oxidation and activation. 

International journal of molecular sciences. 

2012 Aug 24;13(9):10697-721.  

[10] Hwaiz R, Rahman M, Zhang E, 

Thorlacius H. Platelet secretion of CXCL4 is 

Rac1‐dependent and regulates neutrophil 

infiltration and tissue damage in septic lung 

damage. British Journal Pharmacology. 2015 

Nov;172(22):5347–59.  

[11] Hwaiz R, Rahman M, Syk I, Zhang E, 

Thorlacius H. Rac1‐dependent secretion of 

platelet‐derived CCL5 regulates neutrophil 

recruitment via activation of alveolar 

macrophages in septic lung injury. Journal of 

leukocyte biology. 2015 May;97(5):975–84. 

[12] Schiattarella GG, Carrizzo A, Ilardi F, 

Damato A, Ambrosio M, Madonna M, et al. 

Rac1 modulates endothelial function and 

platelet aggregation in diabetes mellitus. 

Journal of the American Heart Association. 

2018 Apr 6;7(8):e007322.  

[13] Hwaiz R, Rahman M, Zhang E, 

Thorlacius H. Rac1 regulates platelet 

shedding of CD40L in abdominal sepsis. 

Laboratory Investigation. 2014 

Sep;94(9):1054–63. 

[14]Furman BL. Streptozotocin‐induced 

diabetic models in mice and rats. Current 

Protocols in Pharmacology. 2015 

Sep;70(1):5–47. 

[15] Binker MG, Binker‐Cosen AA, Gaisano 

HY, Cosen‐Binker LI. Inhibition of Rac1 

decreases the severity of pancreatitis and 

pancreatitis‐associated lung injury in mice. 

Experimental Physiology. 2008 Oct 

1;93(10):1091–103.  

[16] Hwaiz R, Hasan Z, Rahman M, Zhang 

S, Palani K, Syk I, et al. Rac1 signaling 

regulates sepsis-induced pathologic 

inflammation in the lung via attenuation of 

Mac-1 expression and CXC chemokine 

formation. Journal of Surgical Research. 

2013 Aug 1;183(2):798–807.  

[17] Siddiqui SA, Or Rashid M, Uddin M, 

Robel FN, Hossain MS, Haque M, et al. 

Biological efficacy of zinc oxide 

nanoparticles against diabetes: a preliminary 

study conducted in mice. Bioscience Reports. 

2020 Apr 30;40(4). 

[18] Ibrahim KE, Al-Mutary MG, Bakhiet 

AO, Khan HA. Histopathology of the liver, 

kidney, and spleen of mice exposed to gold 

nanoparticles. Molecules. 2018 Jul 

25;23(8):1848.  

[19] Wang Y, Hwaiz R, Luo L, Braun OÖ, 

Norström E, Thorlacius H. Rac1 regulates 

bacterial toxin-induced thrombin generation. 

Inflammation Research. 2016 

May;65(5):405–13.  

[20] Barbera A, Gomis R, Prats N, 

Rodriguez-Gil J, Domingo M, Gomis R, et 

al. Tungstate is an effective antidiabetic agent 

in streptozotocin-induced diabetic rats: a 

long-term study. Diabetologia. 2001 

Apr;44(4):507–13. 

[21] Iwase M, Kikuchi M, Nunoi K, 

Wakisaka M, Maki Y, Sadoshima S, et al. A 

new model of type 2 (non-insulin-dependent) 

diabetes mellitus in spontaneously 

hypertensive rats: diabetes induced by 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941


  Diyala Journal of Medicine 

 

 
   

  
 

 

44                                    
 

April  2023 ,Volume 24, Issue 1 

ORIGINAL RESEARCH  
Published: 5  April 2023 

Doi: 10.26505/DJM.24016780803     

 

neonatal streptozotocin treatment. 

Diabetologia. 1986 Nov;29(11):808–11.  

[22] Palm F. Diabetes-induced alterations in 

renal microcirculation and metabolism. 2004; 

doctoral dissertation, Acta Universitatis 

Upsaliensis. 

[23] Jain N, Corken AL, Kumar A, Davis 

CL, Ware J, Arthur JM. Role of platelets in 

chronic kidney disease. Journal of the 

American Society of Nephrology. 2021 Jul 

1;32(7):1551–8. 

[24] Jansen MP, Florquin S, Roelofs JJ. The 

role of platelets in acute kidney injury. 

Nature Reviews Nephrology. 2018 

Jul;14(7):457–71. 

[25] López-Novoa JM. Potential role of 

platelet activating factor in acute renal 

failure. Kidney International. 1999 May 

1;55(5):1672–82. 

[26] Neild GH, Gordge MP. Platelet-

endothelial interactions in renal injury. In: 

Platelet-vessel wall interactions.1988 (pp. 

121–153). Springer; London. 

[27] Talat MA, Khalifa NA, Kamel LM, 

Mohammed EM, Shehata H. The Role of 

Mean Platelet Volume in Pediatric Chronic 

Kidney Disease. The Egyptian Journal 

Hospital Medicine. 2020 Jul 1;80(1):678–82. 

[28] Ziyadeh FN, Hoffman BB, Han DC, 

Iglesias-De la Cruz MC, Hong SW, Isono M, 

et al. Long-term prevention of renal 

insufficiency, excess matrix gene expression, 

and glomerular mesangial matrix expansion 

by treatment with monoclonal 

antitransforming growth factor-β antibody in 

db/db diabetic mice. Proceeding of the 

National Academy of Sciences. 2000 Jul 

5;97(14):8015–20. 

[29] Mankowska A, Pollak J, Sypniewska G. 

Association of C-reactive protein and other 

markers of inflammation with risk of 

complications in diabetic subjects. EJIFCC. 

2006 Mar;17(1):8. 

[30] Marques P, Collado A, Martinez-Hervás 

S, Domingo E, Benito E, Piqueras L, et al. 

Systemic inflammation in metabolic 

syndrome: increased platelet and leukocyte 

activation, and key role of 

CX3CL1/CX3CR1 and CCL2/CCR2 axes in 

arterial platelet-proinflammatory monocyte 

adhesion. Journal of Clinical Medicine. 2019 

May 18;8(5):708. 

[31] Yao L, Herlea-Pana O, Heuser-Baker J, 

Chen Y, Barlic-Dicen J. Roles of the 

chemokine system in development of obesity, 

insulin resistance, and cardiovascular disease. 

Journal of Immunology Research. 2014 Mar 

16;2014. 

[32] Kaneto H, Katakami N, Matsuhisa M, 

Matsuoka TA. Role of reactive oxygen 

species in the progression of type 2 diabetes 

and atherosclerosis. Mediators Inflammation. 

2010 Oct;2010. 

[33] Volpe CM, Villar-Delfino PH, Dos 

Anjos PM, Nogueira-Machado JA. Cellular 

death, reactive oxygen species (ROS) and 

diabetic complications. Cell Death & 

Disease. 2018 Jan 25;9(2):1–9. 

[34] Henríquez-Olguin C, Knudsen JR, Raun 

SH, Li Z, Dalbram E, Treebak JT, et al. 

Cytosolic ROS production by NADPH 

oxidase 2 regulates muscle glucose uptake 

during exercise. Nature Communications. 

2019 Oct 11;10(1):1–11. 

[35] Hordijk PL. Regulation of NADPH 

oxidases: the role of Rac proteins. Circulation 

Research. 2006 Mar 3;98(4):453–62. 

 

 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/968/version/941


  Diyala Journal of Medicine 

 

 
   

  
 

 

45                                    
 

April  2023 ,Volume 24, Issue 1 

ORIGINAL RESEARCH  
Published: 5  April 2023 

Doi: 10.26505/DJM.24016780803     

 

 

   يحمي من الاضرار الحاصلة للاعضاء بسبب الصفيحات الدموية في مرضى السكريتثبيط 

2, رنداك  احمد حويز   1 هيلين جودت صبري  

 

 

 

 

 الملخص

 

الدموية غير  مرض السكري هو أحد الأسباب الشائعة لتنشيط الصفائح الدموية. تساهم وظيفة الصفائح خلفية الدراسة:

يسببها الالتهاب في حدوث مضاعفات مزمنة , وهي الأسباب الرئيسية للوفاة والمرض بين مرضى السكري.  الطبيعية التي

 .يمكن أن ينظم إطلاق الصفائح الدموية

الدموية. لقد كيلو دالتون ثبت أنه ينظم مجموعة متنوعة من وظائف الصفائح  21, وهو بروتين جي  Rac1 :اهداف الدراسة

 .مما يؤدي إلى إصابة الأعضاء في مرض السكري Rac1 توقعنا أن

المتورط في تنشيط الصفائح الدموية  CCL5و  CXCL4تم التحقيق في تأثير داء السكري على تنشيط لـ  المرضى والطرائق:

مجم / كجم من مثبط  5رية مسبقاً بـ وتسبب التهاب الصفائح الدموية وإصابات الأعضاء. عولجت ذكور الفئران البيضاء السويس

Rac1 NSC23766 ( الستربتوزوتوسين , مرتين لمدة خمسة أيام. علاوة على ذلك  45وحُقنت بـ )مجم / كجم من وزن الجسم

 وتم فحص درجة الأنسجة للكلى والبنكرياس. ELISAباستخدام  CCL5و  CXCL4, تم فحص تركيز المصل الكيميائي 

ئجنا أن مرض السكري قد تم تحريضه في الفئران بواسطة الستربتوزوتوسين. بالإضافة إلى ذلك , كانت أظهرت نتا النتائج:

( أعلى بشكل ملحوظ في الفئران المصابة بداء السكري مقارنة بالمجموعة CXCL4  ,CCL5كيموكينات الصفائح الدموية )

 NSC23766, باستخدام  STZة بداء السكري الناجمة عن الصورية. علاوة على ذلك , أدت المعالجة المسبقة للفئران المصاب

 . P <0.05إلى انخفاض إصابات الكلى والبنكرياس التي تم تقييمها من خلال درجة الأنسجة , وقيمة 

له دور حاسم في إفراز الصفائح الكيماوية بسبب الالتهاب الناجم عن مرض السكري  Rac1كشفت دراستنا أن  :الاستنتاجات

هدفاً للعلاج المبتكر للسيطرة على الالتهاب لدى مرضى السكري.  Rac1في الكلى والبنكرياس , ويمكن أن يكون استهداف 

استراتيجية للسيطرة على عواقب مرض  يمكن أن يكون استهداف الصفائح الدموية المشاركة في مسارات الالتهاب جزءًا من

 السكري وإدارتها.

 , السكري CXCL4, الصفائح الدموية ,  Rac1 :المفتاحيةالكلمات 
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