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			Abstract | This study investigates the histopathological effects of streptomycin treatment on macrophages in various organs (lymph nodes, spleen, liver, and kidneys) of mature rats. Fifteen rats were divided into three groups, with two groups receiving different doses of streptomycin (100 mg and 150 mg) and one control group. After one month, necropsy was performed, and histopathological examinations were conducted. The results showed vacuolation of macrophages in the lymph nodes, splenomegaly, liver enlargement, and kidney damage. The study concludes that streptomycin, while effective against serious infections, can cause significant histopathological changes in organs, particularly in the liver and kidneys, specify streptomycin-induced oxidative stress.
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			INTRODUCTION

			Streptomycin is the primary antibiotic aminoglycoside, originating from the bacterium Streptomyces; its current use is mainly due to multidrug treatment of pulmonary tuberculosis. In addition, There is activity against various aerobic gram negative bacteria (Zhu et al., 2001).

			A difference between antibiotics and aminoglycosides, including the gentle use of antibiotics, ensures their activity against Pseudomonas aeruginosa. The original increase in effectiveness against gram-negative and gram-positive bacteria has declined in mainstream media due to the development of antibiotic resistance. The resistance mechanism is connected with the inhibition of internal transport of bacterial cells. Bacteria resistant to bacteria include Enterobacteriaceae and most streptococcal species (Daniel, 2005; Mohammad et al., 2022; Alrafas et al., 2023).

			Vigilance over the toxicity of streptomycin therapy is particularly important as well as the outcomes of renal failure, which produces glomerular filtration. Renal failure can extend pharmaceutical life to between 50 and 100 hours. A major concern is ototoxicity and alternation of the vestibular system based on the distinctive features of streptomycin toxicity and in extreme cases, ototoxicity occurs; Therefore, it is necessary to prepare the combination of streptomycin and the necessary pharmaceutical toxicity (Vianna et al., 2019; Germovsek et al., 2017).

			The researchers suspect a new experimental model using cultured human macrophages infected with TB bacillus may make the results directly relevant to human diseases. A dose of 5 to 50 µg/ml, which inhibits the formation of bacteria and bacteria; and the concentration is limited to 0.5 µg/ml, without inhibition. The intracellular action can also inhibit aggregation 2 days after the macrophages are infected and washed to eliminate extracellular bacillus, and because in our experimental model demonstrated that bacillus cannot multiply extracellularly (Crowle et al., 1984).

			The in vitro culture method allows the macro-culture of macrophages to produce 10 to 200 µg/ml of streptomycin acid and the progressive inhibition of phagocytosis activity, with a minimum of 10 µg/ml and a maximum of 200 µg/ml streptomycin. streptomycin. Parenteral administration of streptomycin reduces the extent of H. capsulatum peritoneal macrophage activities. Every day, the pups received subcutaneous injections of saline or streptomycin at doses of 5, 2.5, or 1 mg. Following therapy, the activity of macrophages obtained from these pups was assessed on days 7, 14, 21, and 28 (Durão et al., 2016).

			It is necessary to use the method to reduce colonization resistance and reduce microbiota competence between the incoming microbiota and S. Typhimurium (32). Intriguingly, conditions to reduce resistance to colonization by E. coli commensally also reduce resistance to the induction of S. Typhimurium-induced colitis (33), according to the identification of factors contributing to the organisms’ phenomena (Stecher et al., 2007).

			Loss macrophages derived from monocytes and participation and variations immune responses, including the protection of infectious bacteria, the regulation of inflammation and the repair of tissue. During the immune response, macrophages further transform into the M-1 and M-2 subtypes. M-1 is the phase of proinflammatory, which secretes TNF-α, IL-12 and also causes the induction of inflammation. Phenotype M2 has anti-inflammatory properties, can suppress the immune response and promote extracellular matrix (ECM) reorganization and hair re-generation (Stecher et al., 2010).

			Penicillin-streptomycin (Pen-strep) is a series of antibiotics used to prevent infectious bacteria and culture cellulite and by clinicians. Current investigation of penicillin-streptomycin and macrophages modulation, but have limited influence on cell adhesion. The image of phalloidin indicates the median cell morphology by the streptococcus feather on different surfaces covered with the extracellular matrix (Mantovani et al., 2004; Mosser and Edwards, 2008; Martinez et al., 2009; Biswas and Mantovani, 2010; Zhao et al., 2020). 

			The importance of the topic of body poisoning after taking an injection of streptomycin lies in its widespread random use in veterinary clinics (Arsène et al., 2022). The toxic dose for the liver is 500 µg/kg, for the muscles 500 µg/kg, for the kidney 1000 µg /kg, as well as milk poisoning 200 µg /kg (Brown et al., 2020). Aminoglycosides cross the placenta and may result in toxicities, especially if administered in the first trimester of pregnancy (Williams and Wilkins, 2014). 

			MATERIALS AND METHODS

			Materials

			The study was approved by the ethical committee in compliance with the BCVM standards of the University of Basrah’s College of Veterinary Medicine number (68-37 in 2025). Twenty mature rats were lived in same condition, same food , same water ad lebtum, were brought from Baghdad university to Basrah university divided randomly to three groups in the cages in animal house of pathological department (Jasim et al., 2025). For a period of four weeks, the first group received 100 mg of streptomycin, the second group received 150 mg, and the third group served as a control group. All animals have normal conditions after experimental periods the necropsy procedure was done for all groups animals to pathological examination which it have used to diagnosis with study of macroscopic and microscopic examination. 

			Pathological Examination

			Macroscopic appearance: After four weeks euthanasia done by xylazine and ketamine injection (Jassim et al., 2023; Abduljaleel, 2024) necropsy procedure was done to all the animals of experimental period were examined grossly of lymph nodes and spleen.

			Microscopic appearance: After four weeks necropsy procedure was done to all the animals of experimental period were examined microscopically of lymph nodes and spleen. The spacements were stain by eosin and haematoxylin stain (Luna,1968).

			RESULTS AND DISCUSSION 

			Rats administered streptomycin exhibited changes in the histology of their viscera and increase in the size of their organs in comparison to the control group. The dose 100 mg/kg bw and 150 mg/kg bw in different animal less than experiment dose (22–33 mg/kg in poultry, 22–33 mg/kg in calves and 22-33 mg/kg in swine ); therefore the dose 100 mg and 150 mg are 10 time to evidante the toxic effect of over dose when the new veterinarians use it to accelerate healing (Jones and Schnabe, 2000). 

			Streptomycin’s toxicity is sufficiently low to support its use in treating severe or potentially dangerous infections. Conversely, after a few or more weeks of treatment, the rate of toxicity—particularly vestibular dysfunction—is high enough.

			Control Group 

			The present results compare with (Bacha and Bacha, 2012) (Color Atlas of Veterinary Histology, 3rd Edition) as a control group.

			Lymph Node 

			Macroscopic appearance: There are enlargement of lymph node structure with local hyperemia in some of them Figures 1 and 2 lymph nodes are may soft surface, when incised the paranchyma may bulge and the surface are wet with blood or lymph. 
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			Figure 1: Macroscopic picture of lymph node, was showed mesenteric lymph node after treated of 100 mg streptomycin, show enlargement with change in color.
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			Figure 2: Macroscopic picture of lymph node, was showed mesenteric lymph node after treated of 150 mg streptomycin.

			Microscopic appearance: The lymph node is hypermic and slight number neutrophils with erythrocytes are present in the sinuses and high numbers of vacoulated macrophages as foaming which are distended with lymph in other regional lymph nodes Figures 3 and 4. 
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			Figure 3: Pathological section of lymph node after streptomycine 150mg, was showed macrophage with vacuolation induced by treatment with 100 mg streptomycin, lymph node notes Presence of vacuolated macrophage between lymph follicles(10x). H and E stain.
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			Figure 4: Pathological section of lymph node after streptomycine 150mg, was showed macrophage with vacuolation induced by treatment with 150 mg streptomycin, , lymph node notes Prescence of vacuolation macrophage between lymph follicles(10x). H and E stain.

			The increased size of lymph node objectively reflected its response to peripheral inflammation, a set of inflammatory cytokines which is one of the most important functions of lymph node (Liu et al., 2023). Phagocytosis plays a main role in the scavenge of infectious agents or microbial cells and is major to regulating immune responses, inflammation, and tissues remodelling (Underhill and Goodridge, 2012). Phagocytosis also plays a role in clearing inorganic particulate material from body such as inhaled carbon or mineral particles (Aderem and Underhill, 1999). Phagocytes Macrophages play a joint role with streptomycin in killing gram-positive bacteria, which helps in faster recovery than with other antibiotics (Burke and Lewis, 2002). Macrophages play a joint role with streptomycin in killing gram-positive bacteria, which helps in faster recovery than with other antibiotics (Underhill and Goodridge, 2012).

			Spleen

			Macroscopic appearance: The spleen tissue is so large that it exceeds it is capacity to enlargement and may colored by brown or black so it is present grossly enlarged or congested that is mean splenomegaly Figures 5 and 6. 

			[image: ]

			Figure 5: Macroscopic picture of spleen with 100mg was showed splenomegaly after dose of streptomycin 100 mg.
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			Figure 6: Macroscopic picture of spleen with 150mg was showed splenomegaly after dose of streptomycin 150 mg.

			Microscopic appearance: The response of spleen to injury are characterize by the red pulp spaces are atrophy, but in the white pulp are accumulated fibrinoide with hemorrehage and inflteration of macrophages with foam into the cytoplasm Figures 7 and 8.
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			Figure 7: Pathological section of spleen after streptomycine 100mg. Show areas of vacuolated macrophages in the red pulp (10x). H and E stain.
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			Figure 8: Pathological section of spleen after streptomycine 150mg. Show areas of vacuolated macrophages in the red pulp with fibrinoid (10x). H and E stain.

			[image: ]

			Figure 9: Macroscopic appearance of liver with 100mg , was showed eghed rounded, enlargement of liver lobes after toxic dose of streptomycin.
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			Figure 10: Macroscopic picture of liver with 150mg, was showed shrinking of liver lobes and pale colour after toxic dose of streptomycin.

			The spleen filters blood in much the way that the lymph nodes filter lymph. Lymphocytes in the spleen react to pathogens in the blood and attempt to destroy them. Macrophages then engulf the resulting debris, the damaged cells, and the other large particles, our spleen also plays an important part in your immune system, which helps your body fight infection. Just as it detects faulty red blood cells, your spleen can pick out any unwelcome micro-organisms (like bacteria or viruses) in your blood, according many theories the macrophage role is carried out in the sinuses and cords of the red pulp and is a function of macrophages. Since these cells express IgG Fc receptors, red cells or platelets coated with IgG (auto)antibodies are avidly phagocytosed in the spleen (Aderem and Underhill, 1999).

			Liver

			Macroscopic appearance: The grossly examination was rounded of egdes and swelling appearance with white spote in some area of surface lead to enlargement in their size Figure 9 but the high dose there are pale of color and enlargement of size Figure 10.

			Microscopic appearance: Degeneration and even necrosis occurs in hepatocytes Figure 11 as well as hypermia in tissue Figure 12.
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			Figure 11: Pathological section of liver after streptomycine 100mg, show vacuolated of hepatocytes and cells in sinusoid (10x) and H and E stain.

			According to Durand et al. (1996), Sherlock and Dooley, (2002) and Stine and Lewis (2013), Free radicals induce hepatocyte damage via oxidative stress, which is the mechanism of aminoglycoside-induced hepatotoxicity. Histopathological changes increase hepatic damage because damaged hepatocytes leak their enzymes into the vascular compartment. Damage to the liver reduces its capacity to synthesize, which lowers serum levels of albumin and total protein (Sherlock and Dooley, 2002). The obvious alterations in the liver in this investigation were pathological abnormalities in liver cells after injections of streptomycin and penicillin. This characteristic might be explained by the proposal that both of them documented histological alterations in liver cells as a result of free radical generation and free radicals may be disrupted, working on membrane phospholipids to increase cellular permeability and alter the signal transduction pathway, which finally causes serious damage to the liver tissue (Robards et al., 1999; Cherubini et al., 2005; Amara et al., 2011; Al-Awara et al., 2013). As well as rats administered streptomycin exhibited changes in the histology of their livers and a statistically significant increase in the size of their organs in comparison to the control group. These results can indicate necrosis of the liver cells (Singh et al., 2005), degenerative alterations and hypofunction of the liver (Kaplan and Gershwin, 2005; Abdel-Wahhab and Aly, 2005; Adebajo et al., 2009), and increased release of these enzymes into the bloodstream (Jaramillo-Jurez et al., 2008). According to Singh et al. (2005), Increased blood concentrations of these enzymes might be a sign of hepatocyte necrotic lesions brought on by drugs. 
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			Figure 12: Pathological section of liver after streptomycine 150mg, vacuolated of hepatocytes and kuffer cells and hemorrhge of sinusoid (10x) and H and E stain.

			Kidneys 

			Macroscopic appearance: Grossly kidney of animals treated with 100 mg /kg are swelling, orange discoloration, and a rough surface Figure 13 and enlargement in size with brown colore and there are cyste formation in high dose 150 mg, Figure 14. 

			Microscopic appearance: Swelling the epithelium cells and foaming macrophages are present and hemorrhage (Figures 15 and 16). 

			Streptomycin is reabsorbed in the renal glands and concentrates in the proximal tubule cells. Renal injury is caused by a high trough value. Although the mechanism of renal injury is not as well understood, the contribution of free radical production and oxidative stress is questioned. Because of its ability to scavenge free radicals, vitamin C administered by CO may help avoid kidney damage (Walker et al., 1999). Histopathological analysis showed that the streptomycin treatment in this trial caused kidney injury. There was disarray in the renal anatomy, particularly in the proximal convoluted tubules. Significant degenerative alterations were noted. 
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			Figure 13: Macroscopic picture of kidneys, was showed enlargement of kidneys after toxic dose of streptomycin with low dose100 mg/ kg.
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			Figure 14: Macroscopic picture of kidneys, was showed enlargement of kidneys after toxic dose of streptomycin with high dose 150mg showed cyst on surface.

			Pyknotic nuclei were discovered to promote patchy necrosis in certain tubular cells. Because of their capacity to damage cells, free radicals have recently come under scrutiny for their role in a number of disorders (Fujita and Fujimoto., 1992; Leonard et al., 1994; Sahnoun et al., 1997). Because of the unstable electron in their outer orbital ring, free radicals are extremely reactive and might potentially jeopardize the integrity of any cellular structure (Sisein, 2014). Lipid peroxidation and cell damage are both caused by streptomycin. Streptomycin treatment for 30 days resulted in a significant decrease in all oxidative stress measures, including kidney damage marked by acute tubular necrosis following tobramycin 200 mg/kg/day. Boubred et al. (2006) examined the impact of increasing streptomycin concentrations on human proximal tubular cell culture. 
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			Figure 15: Pathological section of kidney after streptomycine 100mg, vacuolated macrophages between cortical tubules (10x), H and E.
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			Figure 16: Pathological section of kidney after streptomycine 150mg, vacuolated macrophages between renal tubules, enlargement of glomerulus with vacolated. (10x)H and E staining.

			Streptomycin’s toxicity is sufficiently low to support its use in treating severe or potentially dangerous infections. Conversely, after a few or more weeks of treatment, the rate of toxicity—particularly vestibular dysfunction—is high enough. 

			CONCLUSIONS AND RECOMMENDATIONS

			We conclude that high-dose or prolonged streptomycin administration induces significant histopathological changes in rats, including vacuolation of macrophages in lymph nodes, splenomegaly, hepatocyte degeneration, and renal tubular damage. These findings highlight the potential risks of streptomycin overdose in clinical practice, particularly in veterinary settings where misuse may occur. Further studies should explore strategies to mitigate toxicity, such as adjunctive antioxidant therapy.
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Histopathological Effects of Streptomycin Treatment on Macrophages
in Lymph Nodes, Spleen, Liver and Kidneys of Rats
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Abstract | This study investigates the histopathological effects of streptomycin treatment on macrophages in various
organs (lymph nodes, spleen, liver, and kidneys) of mature rats. Fifteen rats were divided into three groups, with two
groups receiving different doses of streptomycin (100 mg and 150 mg) and one control group. After one month, necrop-
sy was performed, and histopathological examinations were conducted. The results showed vacuolation of macrophages
in the lymph nodes, splenomegaly, liver enlargement, and kidney damage. The study concludes that streptomycin, while
effective against serious infections, can cause significant histopathological changes in organs, particularly in the liver and
kidneys, specify streptomycin-induced oxidative stress.
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ment of antibiotic resistance. The resistance mechanism is
connected with the inhibition of internal transport of bac-
terial cells. Bacteria resistant to bacteria include Entero-
bacteriaceae and most streptococcal species (Daniel, 2005;
Mohammad ef al., 2022; Alrafas ef al., 2023).

INTRODUCTION

treptomycin is the primary antibiotic aminoglycoside,
originating from the bacterium Streptomyces; its cur-
rent use is mainly due to multidrug treatment of pulmo-
nary tuberculosis. In addition, There is activity against vari-

ous aerobic gram negative bacteria (Zhu e7 a/.,2001). Vigilance over the toxicity of streptomycin therapy is par-

ticularly important as well as the outcomes of renal failure,

A difference between antibiotics and aminoglycosides, in-
cluding the gentle use of antibiotics, ensures their activity
against Pseudomonas aeruginosa. The original increase in
effectiveness against gram-negative and gram-positive bac-
teria has declined in mainstream media due to the develop-

which produces glomerular filtration. Renal failure can ex-
tend pharmaceutical life to between 50 and 100 hours. A
major concern is ototoxicity and alternation of the vestibu-
lar system based on the distinctive features of streptomycin
toxicity and in extreme cases, ototoxicity occurs; ‘Therefore,
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