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Abstract 

Carisoprodol is a common muscle relaxant indicated as adjunctive therapy in acute, painful 

musculoskeletal cases. This current study aimed to investigate the histopathological, 

histochemical and immunohistochemical effects in the lung tissue of the pregnant rats and 

their fetuses after carisoprodol treatment. The present study was applied on twenty seven 

pregnant female rats and they were randomly divided into three groups (nine pregnant female 

rats in each group). Rats of the first (control) group were administered oral doses of distilled 

water. Rats of the second (S1) and third groups (S2) were administered oral doses of 

carisoprodol in the distilled water equivalent to 10.8 mg and 21.6 mg/100g body weight/day 

respectively for fifteen days from the six to the twenty day of gestation. Several 

histopathological, histochemical and some immunohistochemical changes were studied to 

detect the pathological changes. Maternal and fetal pulmonary tissues of both treated groups 

showed numerous degenerative changes post-treatment with carisoprodol, the severity of 

these changes was more obvious in the fetal lung tissue of both groups. Also, carisoprodol 

treated rats showed a marked increase in caspase-3 content in the maternal and fetal 

pulmonary tissues. Treatment of pregnant rats with carisoprodol drug led to numerous 

dystrophic changes in both maternal and fetal lung tissues.  

Keywords: maternal, fetal, lung, carisoprodol, histopathology, histochemistry, caspase-3 

1. Introduction  

Carisoprodol is a widely prescribed skeletal muscle relaxant indicated as adjunctive therapy 

in acute, painful musculoskeletal conditions, abuse of carisoprodol has grown considerably in 

recent years (Ralph et al. 2008). Carisoprodol is a centrally acting muscle relaxant, it with a 

high abuse potential leading to central nervous system depression and may result in 

http://www.sciencedirect.com/topics/medicine-and-dentistry/muscle-relaxant
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symptoms that are more difficult for providers to treat (Kathy et al. 2017). Moreover, 

carisoprodol drug is available as somadril compound which contains paracetamol 160mg, 

caffeine 32mg and carisoprodol 200mg (Bramness et al. 2008). The drug is found in markets 

by a diversity names (Soma, Sodol, Somalgit, Vanadam, Sonoma, Scutamil, Carisoma, 

Somacid, Mio Relax, Relacton-C, Relaxibys, Rela and Soridol) as reported with Reeves et al. 

(2012). Soma is a neutral crystalline powder with white color and it is a chemical derivative 

of meprobamate with an aliphatic dicarbamate. It is soluble in many organic diluents, 

insoluble in vegetable oils, but soluble in water (Rust et al. 1993). Carisoprodol 250 mg is 

equally effective and better tolerated than carisoprodol 350 mg. Generally, both doses are 

generally well tolerated (Simon et al. 2010). Carisoprodol and meprobamate are commonly 

encountered drugs in forensic toxicology (Robertson & Marinetti, 2003). Carisoprodol (Soma) 

and its metabolite meprobamate lead to generalized CNS depression, which may change the 

perception of pain. The specific mechanisms of carisoprodol include blockade of inter 

neuronal activity and depression of the polysynaptic neuronal transmission in the spinal cord 

and reticular formation of the brain (Kumar & Dillon, 2016). Carisoprodol over dosage 

produces symptoms similar to those of meprobamate over dosage and may include shock, 

coma, respiratory depression and very rarely death (Mclntyre et al., 2012). Carisoprodol and 

its active sedative hypnotic metabolite, meprobamate are gamma aminobutyric acid receptor 

indirect agonists with chloride ion channel conduction of central nervous system (Witenko et 

al. 2014). Whereas, the carisoprodol drug is metabolized by the liver and excreted by the 

kidneys, the drug should be used with special caution in patients with impaired hepatic or 

renal functions (Naresh et al. 2013). According to the previous studies, carisoprodol treatment 

of the pregnant rats caused severe variations in the esophageal tissue of fetuses, highly 

thickened mucosal layer with lots of vacuolated cells and highly distorted sub mucosal layer, 

discontinuous and ruptured muscle fibers in the muscularis layer with ruptured serosa after 

carisoprodol treatment (Abd Rabou, 2019). Also, treated rat with Somadril showed testicular 

vacuolation and degeneration and lessening in spermatozoa within the lumen and loss in 

normal architecture of the seminiferous tubules)Anwar et al. 2017). Moreover, carisoprodol 

treatment of pregnant rats caused numerous severe degenerative changes in hepatic tissue of 

pregnant animals and their fetuses which included highly congested blood vessels, numerous 

hemorrhagic areas and necrotic areas (Abouel-Magd, 2018). Pulmonary tissue injury caused 

by certain drugs and some toxic chemicals has been recognized as a toxicological problem. 

Also, tissues toxicity is one of most common aliment lead to serious effects ranging from 

intensive metabolic disorders to even mortality (Ballet, 2015). No more available studies 

were obtained which concerning with histopathological changes in the pulmonary tissues 

post-carisoprodol treatment. Also, there are limited literatures on clinical profile of subjects 

abusing carisoprodol so; this study aimed to investigate the effect of carisoprodol drug on 

both maternal and fetal lung tissue of rats with two different doses.   

2. Material and Methods  

2.1 Drug  

Carisoprodol is taken for healing the painful and discomfort associated with acute 

musculoskeletal cases, it is obtained from Mina Pharm for Pharmaceuticals and Chemical 

http://www.sciencedirect.com/topics/medicine-and-dentistry/hypnotic
http://www.sciencedirect.com/topics/medicine-and-dentistry/gamma-aminobutyric-acid-receptor
http://www.sciencedirect.com/topics/medicine-and-dentistry/indirect-agonist
http://www.sciencedirect.com/topics/medicine-and-dentistry/chloride
https://www.researchgate.net/profile/Khabat_Anwar
https://www.researchgate.net/profile/Khabat_Anwar
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Industries, Cairo, Egypt. Carisoprodol compound was obtained as tablets of a combination 

product containing three components, carisoprodol 200 mg, caffeine 32 mg and paracetamol 

160 mg.  

2.2 Animals 

Adult albino rats (Sprague dawely strain) were used in this experiment, with average weight 

140- 180g. They were taken from the animal house of El -Nasr Pharmaceutical Chemicals Co. 

rats were caged separately, males in cages and females in others. All rats were housed in a 

quite non stressful environment for 10 days before beginning the current study. They were 

offered water ad libitum and normal rat chows during the experiment. The females were 

mated in the proportion of two females for one male overnight. A vaginal smear was taken 

each morning for check of the presence of plug or sperms in the vagina. Zero day of 

pregnancy was considered to be the day on which plug or sperms were found in the vagina.  

2.3 Experimental Design 

Twenty seven pregnant female rats were randomly divided into three groups (nine pregnant 

female rats in each group). 

Group 1 (C): control rats: normal healthy rats orally administered with distilled water doses.  

Group 2 (S1): pregnant female rats were orally administered with carisoprodol in distilled 

water at a dose of 10.8 mg /100g b.wt. /day for 15 days respectively from the 6th day to the 

20th day of gestation (Abouel-Magd, 2018).  

Group 3 (S2): pregnant female rats were orally administered with carisoprodol in the distilled 

water at a dose of 21.6 mg/100g b. wt. /day for 15 days respectively from the 6th day to the 

20th day of gestation (Abouel-Magd, 2018).  

The dose for rats was calculated according to the method Paget and Barnes (1964) formula on 

the basis of the human dose. All the three previous groups were sacrificed after 24 hours from 

the last drug administration. 

2.4 The Histopathological Examination 

All pregnant rats were sacrificed and small samples of lung tissues from mothers and their 

fetuses were picked out for the histological and histochemical studies. Sections of lung tissues 

form mothers and their fetuses were prepared and stained with hematoxylin and eosin stain 

(Bancroft and Gamble, 2008). Collagen fibers were stained by using Mallory's trichrome stain 

method (Pearse, 1977), polysaccharides were detected by using periodic acid Schiff’s (PAS) 

reagent (Drury & Wallington, 1980). Total proteins were detected by using mercuric 

bromophenol blue method (Pearse, 1972). DNA was detected by using Feulgen reaction 

(Kiernan, 1981). Amyloid protein was detected according to Congo red technique (Valle, 

1986). 

2.5 Immunohistochemistry Examination 

Immunohistochemical detection of caspase-3 was performed by using anti caspase3 Primary 
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antibody (Labvision, Neomarkers, USA) according to the protocol described by 

Abdel-Wahab & Metwally (2015) using a streptavidin-biotin system. Positive reaction for 

caspase 3 was visualized as brown coloration of the cytoplasm in treated cells. 

2.6 Statistical Analysis 

The present results were expressed as Mean ± SE. Data were analyzed by using the Statistical 

Package (SPSS) program. Significant differences between treatment means were determined 

by student T-test. The data were presented as mean ± SE and P ≤ 0.05 was considered 

statistically significant. Image analysis: the optical density (pexil) of the lung tissue in the 

present study was analyzed by using image pro. Program.  

3. Results 

3.1 Lung of the Pregnant Rats 

3.1.1 The Histopathological Observations 

Stained sections of lung from a control pregnant rat showed normal alveoli with their thin 

inter alveolar septae lined with simple squamous epithelium and clear alveolar sacs. 

Bronchioles appeared with their pseudo stratified ciliated columnar epithelial cells. 

Peri-bronchiolar blood vessels and capillaries were normal in appearance (Figs. 1& 2). Lungs 

of pregnant rats of S1, S2 groups indicated extensive tissue damage, alveolar hemorrhage, 

severely damaged bronchioles and cellular infiltration in the lung tissues. The 

histopathological changes increased in their severity in a dose dependent manner. Maternal 

lung tissue of S1 group showed numerous necrotic areas, alveoli with thickened alveolar 

septae, narrow alveolar sacs, highly thickened walls of blood vessels, most of them were 

congested with hemolysed blood cells inside them. Most bronchioles showed thickened walls, 

some of them contain debris of degenerated cells; others contain hemolysed blood cells and 

granulomatous areas in the lung tissue (Figs. 3- 6). Lung tissue of pregnant rats of S2 group 

showed delaminated epithelium of most bronchioles which lost the normal architecture. Some 

bronchioles contained irregular folds of the bronchial mucosa and irregularly distributed 

muscle fibers in the bronchial walls. Most of bronchioles contained hemolysed blood cells or 

debris of degenerated cells. Granulomatous areas, numerous necrotic areas, highly congested 

arteries with highly thickened and corrugated walls, highly congested blood vessels and 

cellular infiltration were commonly appeared in the lung tissue (Figs. 7- 12). Sections of the 

lung tissue of maternal control group showed slight collagen fibers which were supporting 

walls of blood vessels, bronchioles and alveolar septae (Fig. 13). Increased collagen fibers 

were demonstrated in the highly thickened and corrugated arterial and bronchial walls in the 

interstitium between them and also in the granulomatous areas of lungs of rats of S1, S2 

groups in a dose dependent manner (Figs.14-17). The brightly stained red blood cells were 

clearly appeared inside the highly congested blood vessels and fatty cells inside the lung 

tissue were in common appearance in the lung tissue of S1 group (Fig-16). 

3.1.2 The Histochemical Observations 

Moderately distributed PAS +ve materials were appeared in the lung tissue of control 



Journal of Biology and Life Science 

ISSN 2157-6076 

2020, Vol. 11, No. 1 

 76 

pregnant rat which was indicated by moderate staining affinity of the bronchial walls and 

alveolar septae (Fig. 18). Increased staining affinity of PAS+ve materials was appeared in the 

bronchioles with thickened walls, walls of arteries and the alveolar septae of rats of S1,S2 

groups with moderately stained granuloma areas (Figs. 19-23). Lung tissue of rats of the 

control group showed moderate distribution of total protein content in the bronchial walls, 

alveolar septae and walls of the blood vessels (Fig. 24). Highly increased staining affinity of 

total protein was noticed in the corrugated and thickened walls of the pulmonary bronchioles, 

blood vessels and alveolar septae of rats of S1, S2 groups (Figs. 25-29). Lung tissue of the 

control rat showed a slight deposition of amyloid β in the lung tissue (Fig. 30). Highly 

increased accumulation of amyloid β materials was detected in the highly thickened and 

corrugated walls of bronchioles, arteries and alveolar septae in the lung tissue of S1, S2 

groups (Figs. 31-35). Lung tissue of the control rats showed moderate distribution of DNA in 

the form of magenta color granules. A noticeable decrease in DNA content was detected in 

the nuclei of the highly thickened walls of bronchioles, arteries and alveolar septae and some 

nuclei of degenerated cells inside the bronchial lumens of lungs of rats of S1, S2 groups.  

3.1.3 Immunohistochemical Observations  

Lung tissue of the control rats showed negatively stained caspase- 3 (Fig. 36). Lung tissue of 

pregnant rats from S1, S2 groups showed increased amount of caspase- 3 indicated by the 

dense brown stain when compared with the normal control group (Figs. 37, 38).  

 

 

 

 

 

 

 

 

 

 

 

 

Figures 1-6. Photomicrographs of lung tissue of the pregnant rats of control and S1- treated 

group stained with hematoxylin and eosin 

Figs.1&2: showing lung tissue of a control pregnant rat with normal alveolar sacs (as), inter 

alveolar septae (s) lined with simple squamous epithelium, bronchioles (B) with their 
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pseudo-stratified ciliated columnar epithelial cells, peri-bronchiolar blood vessels (bv) (1X100, 

2X 200). 

Figs. 3-6: showing lung tissue of maternal rats of S1 group with many alveoli (av) with 

thickened alveolar septae (s), narrow alveolar sacs (as), highly thickened walls of blood vessels 

(bv), most of them are congested with hemolysed blood cells (arrow heads). The bronchioles 

(B) appeared with highly thickened walls, some of them contain debris of degenerated cells (d), 

others contain hemolysed blood cells (arrow heads) and granulomatous areas (G) in the lung 

tissue with cellular infiltration in the lung tissues (arrow), highly thickened arterial walls with 

narrow lumens (A) and numerous necrotic areas (n) (X 100). 

 

 

  

 

 

 

 

 

 

 

Figures 7-12: photomicrographs of lung tissue of pregnant rats of control and S2 treated groups 

stained with hematoxylin and eosin 

 

 

Figs.7-12. Showing lung tissue of pregnant rats of S2 group stained with hematoxylin and 

eosinNotice: highly delaminated epithelium of the bronchiole which lost their normal 

appearance (* ) 

Some bronchioles (b) contained irregular folds of the bronchial mucosa and irregularly 

distributed muscle fibers in the bronchial walls. Most of bronchioles (B) contain hemolysed 

blood cells (arrowheads) or debris of degenerated cells (d). Granulomatous areas (G), 

numerous necrotic areas (n), highly congested arteries with highly thickened and corrugated 

walls (A) were detected. Also, the brightly stained RBCs (r) inside the highly congested 

blood vessels (bv) and cellular infiltration in the lung tissue (arrow) were commonly 

appeared (7, 9,10X 100 & 8,11,12 X 200) 
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Figures 13-17. Photomicrographs of lung tissue showing distribution of the collagen fibers in 

the lung tissues of the control and treated groups stained with Mallory’s trichrome stain 

Fig.13: lung tissue of a control rat showing slightly thin collagen fibers support walls of 

bronchioles, blood vessels and alveolar septae (X 100). Figs.14-15: lung tissue of rats of S1 

group showing increased collagen bundles in the highly corrugated and thickened walls of 

arteries (A), bronchiole (B) and in the interstitium of the lung tissues (arrow) )X 100). 

Figs.16-17: lung tissue of rats of S2 group showing highly increased collagen bundles in the 

highly thickened and corrugated walls of arteries (A), bronchioles (B), in the interstitium 

between them and in the granulomatous areas (G). Notice: brightly stained RBCs (arrow) 

inside the highly congested blood vessels and fatty cells (F) inside the lung tissue (X 200).  
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Figures 18-23. Photomicrographs of lung tissue showing distribution of PAS +ve materials in 

the lung tissues of the control and treated groups (PAS reaction) 

Fig.18: lung tissue of control rat showing moderately stained PAS +ve materials in walls of 

bronchioles and alveolar septae (X 100). Figs. 19, 20: lung tissue of rats of S1 group showing 

increased PAS +ve materials in the thickened walls of arteries, bronchioles and alveolar septae. 

Notice: thickened arterial walls (A) with deeply stained PAS +ve materials (X 100). Figs. 21- 

23: lung tissue of S2 group showing highly increased staining affinity of polysaccharides in 

the highly thickened walls of the congested blood vessels, alveolar septae and bronchioles in 

the lung tissue with delaminated and distorted epithelial walls of the bronchioles (arrow) (21, 

22 X 100; 23 X200).  
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Figures 24-29. Photomicrographs of lung tissue showing total protein distribution in the lung 

tissue of the control and treated groups stained with Mercury bromophenol blue 

Fig.24: lung tissue of a control rat showing moderately stained total protein in walls of the 

bronchioles, alveolar septae and blood vessels (X 100). Figs.25-26: lung tissue of rats of S;1 

group showing increased total protein in the thickened and distorted walls of the bronchioles, 

blood vessels and alveolar septae (X 100). Figs.27-29: lung tissue of rats of S2 group showing 

highly increased total protein in the arterial wall, inside and outside the corrugated wall of 

bronchiole (B), granulomas area and in the thickened alveolar septae. Notice: the darkly 

stained hemosiderin granules (short arrow) inside the thickened arterial walls (A) with deeply 

stained total protein and highly distorted and delaminated epithelial walls of the bronchioles 

(long arrow). (X100)  
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Figures 30-35. Photomicrographs of lung tissue showing distribution of amyloid β in the lung 

tissue of control and treated groups stained with Congo red stain 

Fig.30: lung tissue of a control maternal rat showing a slight deposition of amyloid β in the lung 

tissue (X 100). Figs. 31, 32: lung tissue of rats of S1 group showing increased accumulation of 

amyloid β material in the lung tissue. (X 100). Figs. 33-35: lung tissue of a maternal rat of S2 

group showing highly increased accumulation of amyloid β material in the highly thickened 

walls of bronchioles, alveolar septae and arteries in the tissue (X 100).  

 

 

 

 

 

 

Figures 36-38. photomicrographs from maternal lung tissue of rats of the control, S1, S2, 

groups stained with Caspases-3- immune-staining 

Fig. 36: maternal lung tissue of control rat showing negatively stained caspase-3 (X 200). 

Figs. 37-38: maternal lung tissue of rats of S1 and S 2 group showing widespread reaction for 

positive immunoreactivity for anti-caspase-3 indicated by less dense brown staining affinity 

in the lung tissue (200X) 
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3.2 Lung of the Fetuses 

3.2.1 The Histopathological Observations 

Fetal pulmonary tissue of control group showed compact organization of bronchi, bronchioles 

and terminal bronchioles followed by specialized sac-like structures called alveoli lined with 

epithelium (Fig. F.1). Blood vessels and capillaries are normal in appearance. The fetal lung 

tissues of pregnant rats from both S1 and S2 groups were severely affected than maternal 

lung tissue and exhibited more extensive tissue damage, severely damaged bronchioles, 

alveolar hemorrhage and inflammatory cellular infiltration. The histopathological changes 

were increased in their severity in a dose dependent manner. 

Fetal lung tissue of rats of S1 group showed congested alveolar septae, highly congested 

blood vessels which contained hemolysed blood cells (Fig. F.2). Fetal lung tissues of S2 

group showed highly thickened alveolar septae, highly reduced alveolar sacs and thickened 

and corrugated epithelial layer of the bronchioles which lost their normal architecture and 

appeared with numerous pyknotic nuclei and highly distorted arterial wall which contained 

hemolysed blood cells whereas the hemosiderin granules were clearly appeared in the 

congested veins and arteries. The bronchiole lumen contained debris of degenerated epithelial 

cells (Figs. F. 3-4). 

Mallory’s trichrome stained sections of fetal lung tissue of the control group exhibited 

moderate distribution of the collagen fibers which were supporting the blood vessels, alveolar 

septae and the walls of the bronchioles (Fig. F.5). Increased collagen fibers were 

demonstrated in highly thickened and corrugated arterial and bronchial walls and in the 

interstitium between them in lung tissue of rats of groups S1, S2 in a dose dependent manner. 

The brightly stained red blood cells were commonly appeared inside the highly congested 

blood vessels (Figs. F. 6-7).  

3.2.2 The Histochemical Observations 

Moderate distribution of PAS +ve materials was seen in fetal lung tissue of control pregnant 

rat indicated by moderate staining affinity of the bronchial walls and alveolar septae (Fig. 

F.8). Decreased staining affinity of PAS +ve materials was detected in the thickened walls of 

bronchioles, walls of arteries and alveolar septae of fetuses lung tissue of rats of S1, S2 

groups. But slightly increased staining affinity of polysaccharides was detected in red blood 

cells inside the congested blood vessels and hemorrhagic areas. Fibrous layers encircling 

walls of the bronchioles showed less dense staining affinity (Figs. F 9-10).  

Fetal lung tissue of control group showed moderate distribution of the total protein content 

represented by deeply to moderately stained cells of the bronchial walls, alveolar septae and 

walls of the blood vessels (Fig. F. 11). Moreover, decreased staining affinity of total protein 

was noticed in the thickened and corrugated walls of the, blood vessels, bronchioles and 

alveolar septae of S1, S2 groups (Figs. F. 12-13). Fetal lung tissue of a control pregnant rat 

showed a slight deposition of amyloid β in the lung tissue (Fig. F.14). Highly increased 

accumulation of amyloid β material was realized in the highly thickened and corrugated walls 

of bronchioles, arteries and alveolar septae in the fetuses lung tissue of pregnant rats of S1,S2 
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groups (Figs. F. 15-17). Fetal lung tissue of control pregnant rats showed moderately stained 

DNA materials. Increased DNA materials was detected in the thickened alveolar septa and 

blood vessels while decreased DNA materials was noticed in the epithelial cells of thickened 

walls of bronchioles and some nuclei of degenerated cells in the bronchial lumens of fetuses 

of rats of S1, S2 groups .  

3.2.3 Immunohistochemical Observations  

Treatment of pregnant rats with carisoprodol produced intensive amount of Caspases- 3 in the 

fetuses pulmonary tissue of rats of S1, S2 groups (Figs. F.17, 18) compared to pulmonary 

tissue of control fetal group (Figs. F 16). 

Table 1. Illustrating MOD values of both PAS +ve materials and total protein in the lung of 

control and S1& S2 maternal and fetal groups 

 Mean ±SD 

PAS+ve 
materials 

Maternal 
Control 

Maternal  

S1 

Maternal  

S2 

Fetal  

Control 

Fetal  

S1 

Fetal  

S2 

1.31±0.003 1.875±0.003 1.4±0.002 1.67±0.003 
1.35**±0.00

4 

 

1.60±0.001 

 

Total 
protein 

Maternal 
Control 

Maternal  

S1 

Maternal  

S2 

Fetal  

Control 

Fetal  

S1 

Fetal  

S2 

0.78±0.001 0.92 ±0.002 0.87± 0.01 0.99±0.06 0.83 ±0.002 0.77± 0.01 

 

Values represent mean ±SE (standard error). (p*<0.05, p**<0.001as compared to control 

group) 

 

 

 

 

 

 

 

 

Histogram 1. Illustrating MOD values of PAS +ve materials lung of control and S1&S2 

treated groups 
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Histogram 2. Illustrating MOD values of total protein in lung of the control and S1&S2 treated groups 

 

Table 2. Showing MOD values of DNA content, amyloid β protein and caspases-3 in the lung of the control 

and S1&S2 treated groups 

 Mean ±SD 

DNA 

content  

Maternal 

Control 

Maternal  

S1 

Maternal  

S2 

Fetal  

Control 

Fetal  

S1 

Fetal  

S2 

1.78±0.003 1. 06**±0.003 1.13**±0.001 1.92±0.004 1.25±0.01 1.23**±0.004 

amyloid β 

protein  

Maternal 

Control 

Maternal  

S1 

Maternal  

S2 

Fetal  

Control 

Fetal  

S1 

Fetal  

S2 

0.46±0.002 0.94±0.002 1.32**± 0.001 0.57±0.007 1.21 ± 0.002 1.19 ±0.001 

Caspases-3 Maternal 

Control 

Maternal  

S1 

Maternal  

S2 

Fetal  

Control 

Fetal  

S1 

Fetal  

S2 

0.82±0.007 0.95±0.008 1.014±0.0012 0.68±0.12 1.27±0.002 1.59±0.002 

Values represent mean ±SE (standard error). (p*<0.05, p**<0.001as compared to control 

group) 
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Histogram 3. Showing MOD values of DNA content in lung of the control and S1&S2 treated 

groups 

 

 

 

 

 

 

 

 

Histogram 4. Showing MOD values of amyloid β protein in lung of the control and S1&S2 

treated groups 

 

 

 

 

 

 

 

 

Histogram 5. Showing MOD values of caspases-3 in lung of the control and S1&S2 treated 

groups 
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Figures F.1 –F.7. photomicrographs of sections of fetal lung tissue of control and S1&S2 

treated groups (x 100) 

Fig.F.1: fetal lung tissue of a control rat showing normal architecture of bronchiole and fetus 

lung tissue and the Blood vessels and capillaries are normal in appearance (H &E x 100). 

Fig.F.2: fetal lung tissues of rat of S1 group showing loss of normal architecture of many 

bronchioles (B), which appeared with pyknotic nuclei in their thickened, corrugated and 

distorted epithelial cells. Notice: congested alveolar septae and highly congested blood 

vessels which contained hemolysed blood cells. The artery lumen was constricted due to the 

severely thickened arterial wall (H &E x 100). 

Fig.F.3: fetal lung tissues of rats of S2 group showing highly distorted and corrugated 

bronchioles (B), congested and highly thickened alveolar septae, highly reduced alveolar sacs, 

numerous hemorragic areas (arrow head) around the bronchiole and highly thickened wall of 

the congested blood vessels (H &E x 100).  
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Fig.F.4: fetal lung tissues of rats of S2 group showing thickened and corrugated epithelial 

layer of the bronchioles (B) which lost their normal architecture and appeared with numerous 

pyknotic nuclei (↑). Notice: thickened alveolar septae, distorted arterial wall (a) which 

contained hemolysed red blood cells. The bronchiole lumen contained debris of some 

degenerated epithelial cells. Fibrosis was noticed around wall of bronchiole (f) and the 

hemosiderin granules (h) were clearly appeared in the congested veins and arteries (H &E X 

100). 

Fig.F.5: fetal lung tissue of a control rat exhibiting normal slight distribution of collagen 

fibers in the fetal lung tissue of a control pregnant rat (Mallory’s trichrome stain x 100). 

Fig.F.6: fetal lung tissues of rat of S1 group showing increased collagen fibers in the fetal 

lung tissue. Notice: increased collagen fibers in walls of the bronchioles, alveolar septae, 

blood vessels and in the interstitium between them (Mallory’s trichrome stain X 100). 

Fig.F.7: fetal lung tissues of rats of S2 group showing highly increased collagen bundles in 

the highly corrugated and thickened walls of blood vessels, bronchioles, arteries and in the 

interstitium between them. Also, brightly stained RBCs were commonly appeared inside the 

highly congested blood vessels (Mallory’s trichrome stain X 100).  
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Figures F.8 –F.19. photomicrographs of sections of fetal lung tissue of the control and S1&S2 

treated groups (x 100, 200) 

Fig.F.8: fetal lung tissue of a control rat illustrating moderate distribution of polysaccharides 

in fetal lung tissue of a control pregnant rat (PAS X100). 

Fig.F.9: fetal lung tissues of rats of S1 group showing decreased polysaccharides. Notice: less 

dense staining affinity of polysaccharides in red blood cells inside congested blood vessels 
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and hemorrhagic areas. The fibrous layers encircling bronchiole walls showed less dense 

staining affinity and the thickened alveolar septae showed less dense staining affinity (PAS 

x100). 

Fig.F.10: fetal lung tissues of rats of S2 group showing decreased polysaccharides in the 

tissue although less dense staining affinity of polysaccharides in wall of the thickened arterial 

wall of the fetal lung tissue due to increased RBCs and some bronchioles were appeared 

(PAS X100). 

Fig.F.11: fetal lung tissue of a control rat showing moderate distribution of total protein in the 

fetal lung tissue (Mercuric bromophenol blue X 100). 

Fig.F.12: fetal lung tissues of rats of S1 group showing decreased staining affinity of total 

protein in the highly congested arterial wall, in the highly thickened and corrugated walls of 

the bronchioles and alveolar septae (Mercuric bromophenol blue X 100). 

Fig.F.13: fetal lung tissues of rats of S2 group showing decreased staining affinity of total 

protein in thickened walls of the bronchioles, in thickened alveolar septae. Notice: dark 

stained hemosiderin granules inside the blood vessels (Mercuric bromophenol blue X 100) 

Fig.F.14: fetal lung tissue of a control rat showing slight deposition of amyloid β in the lung 

tissue (Congo red stain X 200). 

Fig.F.15: fetal lung tissues of rats of S1 group showing increased accumulation of amyloid β 

material in walls of the highly corrugated and distorted bronchioles, arteries and alveolar 

septae in the tissue (Congo red stain X 100). 

Fig.F.16: fetal lung tissues of rats of S2 group showing highly increased accumulation of 

amyloid β material in the highly thickened walls of blood vessels, highly thickened 

bronchioles, alveolar septae and arteries in the tissue (Congo red stain X 100). 

Figures F.17-19: photomicrographs of fetal lung tissues collected from pregnant control rats 

and pregnant rats of S1, S2 groups stained with Caspases-3- immune-staining.  

Fig.F.17: fetal lung tissue of a control rat showing scarce solitary nuclear immunoreactivity 

for caspase-3 indicated by very faint brown (X 200). Figs.F.18-19: fetal lung tissues of rats of 

S1 and S2 group showing marked increase in the caspase- 3 amount indicated by more dense 

brown staining affinity in the lung tissue (X 200). 

4. Discussion  

Carisoprodol (Soma) is a commonly specified central muscle relaxant, but it is also subject to 

perversion or abuse (Reeves & Burke, 2010). Carisoprodol has been indicated to induce some 

adverse effects on human health and considered by some to be rarely fatal (Robertson & 

Marinetti, 2003). Scant reports are available about histopathological effects of carisoprodol 

drug particularly in the lung tissue. 

Over dosage of carisoprodol commonly produces CNS depression, coma, hypotension, 

blurred vision, respiratory depression and Death. The effects of carisoprodol overdose and 
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other CNS depressants such as opioids, benzodiazepines, alcohol, and tricyclic 

antidepressants can be collective even when one of the drugs has been used in the 

recommended dosage therefore, more vigilance should be considered with the patient people 

who take more than one of these CNS depressants simultaneously. Fatal overdoses of 

carisoprodol have been reported alone or in combination with CNS depressants (Witenko et 

al., 2014). In the present study, carisoprodol treatment of pregnant rats with the two current 

doses S1&S2 induced many dystrophic changes which increased in their severity in a dose 

dependent manner. Numerous histopathological changes represented by extensive tissue 

damages, numerous necrotic areas, narrow alveolar sacs with highly thickened alveolar 

septae, alveolar hemorrhage, severely damaged bronchioles, highly thickened walls of blood 

vessels, most of them are congested with hemolyzed blood cells and cellular infiltration in the 

lung tissues. Such findings come in agreement with those reported by Awadalla & 

Salah-Eldin (2016) who revealed that tramadol, like other opioids induced intensive 

histopathological changes in lung tissue of rats and induced decreased antioxidant plasma 

levels indicating failure of antioxidant defense mechanism against oxidative damage. 

According to Faria et al. (2017), both of tapentadol and tramadol )CNS depressants  ( were 

found to cause severe cellular damage, inflammatory cellular infiltrations and cell death in 

the pulmonary tissues although tapentadol induced more damage than tramadol.  

Moreover, the fetal lung tissues of the both groups S1 and S2 in the current study were highly 

affected than maternal lung tissue and exhibited more extensive tissue damage, severely 

damaged bronchioles, alveolar hemorrhage and inflammatory cellular infiltration. The 

histopathological changes were increased in their severity in a dose dependent manner. Fetal 

lung tissues of S2 group showed highly reduced alveolar sacs, highly thickened alveolar 

septae, and corrugated and thickened epithelial layer of the bronchioles which lost their 

normal architecture and appeared with numerous pyknotic nuclei. Moreover, highly distorted 

arterial wall were clearly appeared and the hemosiderin granules were clearly appeared in the 

congested blood vessels.  

In accordance with some previous studies, the treatment of pregnant rats with carisoprodol 

caused numerous degenerative changes in the liver and esophagus tissues of the pregnant rats 

and their fetuses (Abouel-Magd, 2018 and Abd Rabou, 2019). Such severe histopathological 

changes with carisoprodol treatments may be due to oxidative stress and subsequent 

overproduction of reactive oxygen species (ROS) which was postulated as most important 

mechanism of toxicity (Rajapakse et al., 2007). 

Also previous researches reported that, the increased production of reactive oxygen species 

(ROS) lead to pulmonary toxicity, and eventually lung fibrosis. Also, ROS have been 

indicated to activate profibrotic transforming growth factor- β (TGF-β) in the lung that 

induces the development of inflammation and induces the proliferation of the fibroblasts 

leading to severe pulmonary fibrosis (Kliment & Oury, 2010 and Shi et al., 2014). Katsuyama 

et al. (2012) reported that ROS are generated by NADPH oxidase or mitochondrial electron 

transport chain in cells and are implicated in differentiation and proliferation of cells and 

stability of genome. Ostrovsky et al. (2009) demonstrated oxidative stress and ROS stimulate 

cellular damage comprising apoptosis and DNA fragmentation. Dilated and congested blood 

https://www.sciencedirect.com/science/article/abs/pii/S0753332215304613#!
https://www.sciencedirect.com/science/article/abs/pii/S0753332215304613#!
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vessels were realized in the present experiment and this may be due to increased pulse 

pressure of pulmonary arteries (Abuo El Naga & Abd Rabou, 2012). Also, the appearance of 

degenerated alveolar septae and debris of degenerated cells in the lung bronchioles may be 

related to of DNA effects in the nuclei of their cells (Zhang et al., 2006). Moreover, Van der 

Kleijn (1969) indicated that the radiolabeled carisoprodol was taken up by the central nervous 

system of mice within forty seconds after intravenous injections of it, it distributed 

throughout the body within ten minutes, the highest concentrations were found in the lung, 

liver, pituitary gland, myocardium and adrenal cortex followed by the blood and skeletal 

muscles. In agreement with the present study, through histopathological studies, carisoprodol 

treatment of pregnant rats caused severe dystrophic changes included large hemorrhagic areas, 

highly congested blood vessels and numerous necrotic areas in liver tissue of both maternal 

and fetal tissues (Abouel-Magd, 2018).  

The results of the current study showed increased collagen fibers in the highly thickened and 

corrugated walls of blood vessels, thickened arteries, around walls of the bronchioles and in 

the interstitium between them in the lung tissues. Increased collagen fibers in the current 

work come in coincidence with those reported before areas (Abd El-Hady & Al Jalaud, 2015 

and Abouel-Magd, 2018) . Such increase in collagen fibers deposition might lead to rapid 

healing process where increasing secretion of collagen subtype within the site of injury lead 

to replacing of necrotic tissue during the proliferative phase of the wound healing mechanism 

(Suvik & Effendy, 2012). The increased collagen fibers may lead to increase the defense 

reaction against toxic materials (Mansour et al., 2013). Increased collagen deposition may be 

due to oxidative stress that stimulates the expression of genes involved in collagen 

biosynthesis (Guler et al., 2009). Moreover, inhibition of superoxide dismutase (antioxidant 

enzyme) stimulates collagen production and this demonstrated a vital role of superoxide 

dismutase and the generated reactive oxygen species (ROS) in collagen accumulation (Lijnen 

et al., 2011). Results of the current study revealed increased PAS +ve materials in the 

thickened walls of bronchioles, arteries and alveolar septae with moderately stained 

granuloma areas in lungs of pregnant rats of groups S1, S2 and revealed decreased PAS +ve 

materials in the fetuses of S1, S2 groups in a dose dependent manner as compared to control 

group. Such increasing PAS +ve materials inside walls of bronchioles, blood vessels, alveolar 

septae may be due to increased thickness of these components or may be due to the increase 

in the RBCs after toxicity as reported with Abuo El Naga & Abd Rabou (2012) and Abd 

El-Hady & Al Jalaud (2015). The decreased carbohydrate contents in the fetal groups of the 

current study may be due to the increased stress on the organs which leading to consuming 

high energy to equalize the pressure upon them. Also, it may be related to hydrolytic enzymes 

realizing from ruptured lysosomes under toxic agents effects (Farrag & Shelby, 2007). The 

current results showed increased staining affinity of total protein content in the thickened and 

corrugated walls of the bronchioles, blood vessels and alveolar septae in the lung tissue of 

S1& S2 pregnant rats but showed decreased staining affinity of total protein in their fetuses 

as compared to control group.  

Generally, increased staining affinity of total protein may be attributed to the generation of 

ROS and consequent oxidative stress (Suman et al., 2013). Increased total protein content of 
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lung tissue due to toxicity was also recorded before by Abd El-Hady & Al Jalaud (2015) who 

declared that the increase in staining affinity of total protein of lung tissues following toxicity 

may be attributed to increase red blood cells (RBCs) in the congested blood vessels and also 

to increased collagen fibers deposition.  

On the other hand, Abuo El Naga & Abd Rabou (2012) stated that the decreased protein 

content may be due to rupture of cellular organelles or to decreased ribosomes. 

Abdel-Meguid et al. (2012) stated that the decrease in protein content may be due to 

lysosomal membranes disruption under the effects of various toxicants which leads to 

releasing of their hydrolytic enzymes in the cytoplasm which causing dissolution and lysis of 

the target material within the cytoplasm.  

In accordance with Abouel-Magd (2018), the current study showed reduced DNA materials in 

most nuclei of maternal lung tissue from S1and S2 groups. Also, decreased DNA materials 

were realized in most fetal lung tissue of S1 and S2 groups.  

The decrease in DNA content in the current study may be due to use it to build up new cells 

or enzymes or due to arrested metabolism to reduce the stress or due to disruption of 

lysosomal membranes (Sakr and Shalaby, 2011). Degenerated epithelium in the bronchioles 

observed in the present study may be due to highly affected DNA in the nuclei of their cells. 

Moreover, decreased DNA content may be due to production of active oxygen which lead to 

oxygen pressure and increased free radicals which affect DNA chains that lead to cancer 

(Abuo El Naga & Abd Rabou, 2012).  

The current study illustrated an increase in the amyloid-β deposits in maternal and fetal lung 

tissue of S1, S2 groups in the arterial walls, bronchioles, alveolar septae, hemolysed blood 

cells and necrotic areas in the lung tissue. 

Amyloid proteins are insoluble fibrous protein structures having specialized structural traits 

and arise from about eighteen inappropriately folded versions of proteins and polypeptides 

present naturally in the body )Ramirez-Alvarado et al., 2000). Amyloids have been associated 

with the pathology of more than twenty severe human disorders since abnormal accumulation 

of amyloid fibrils in organs may play a role in various neurodegenerative diseases and may 

lead to amyloidosis (Pulawski et al., 2012). Kadowaki (2005) showed that amyloid 

accumulation is associated with dysfunction of mitochondria and may lead to generation 

of reactive oxygen species (ROS), which can induce a signaling pathway leading to apoptosis 

or programmed cell death . The Caspase-3 is the main executioner of programmed cell death 

concerned in cleavage of many apoptosis related proteins. The cleavage of many apoptosis 

related proteins by activated caspase-3 provides one of the most utilize diagnostics for 

inducing of apoptosis in most cell type (Cohen, 1997).  

The current study produced intensive amount of Caspases- 3 in the pulmonary tissue of 

maternal and fetal S1, S2 groups in the arterial walls, bronchioles, alveolar septae, in the lung 

tissue which indicates severe apoptosis. These results were consistent with other studies on 

CNS depressants or analgesic drugs as Gloor et al. (2019) who stated that acetaminophen 

drug has been demonstrated to cause cell apoptosis and necrosis, mitochondrial damage and 

http://scialert.net/fulltext/?doi=ijcr.2013.9.23&org=10#565207_ja
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Polypeptides
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramirez-Alvarado%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10908649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramirez-Alvarado%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10908649
https://en.wikipedia.org/wiki/Neurodegenerative
https://en.wikipedia.org/wiki/Amyloidosis
http://en.wikipedia.org/wiki/Reactive_oxygen_species
http://en.wikipedia.org/wiki/Apoptosis
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Jaeschke (2015) who added that acetaminophen or paracetamol, which is considered a safe 

drug at therapeutic dose can cause severe hepatic damage, acute liver failure and cell death 

after overdoses. Camargo et al. (2016) reviewed the major pathways for apoptosis after 

ethanol (CNS depressants) exposure and suggested that, the ethanol exposure has a major 

effect on the degree of apoptosis in the central nervous system. They revealed the presence of 

widespread pro-antiapoptotic responses and indicating that although apoptosis is increased, 

there are also cellular attempts to compensate and overcome the exposure. 

5. Conclusion  

The present study confirmed the risk of increased pulmonary damage in both maternal and fetal 

lung tissues due to carisoprodol treatment and indicated the higher risk of carisoprodol 

especially with high doses. Although carisoprodol compound is recommended to be more 

effective in relief muscle pain, its toxicity should be kept in mind and more cautions must be 

taken in considerations with its usage in treatments. 
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