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 The organization of the Enteric Nervous System (ENS) was studied in 

the human colon. Fragments of the whole colonic wall were either 

routinely processed or Zinc-Iodide Osmium impregnated. Single-layer 

preparations were also obtained from some of the Zinc-Iodide Osmium-

impregnated specimens. The results showed some differences in the 

organization of human colonic ENS from that of other mammals. In fact, 

the human submucous plexus was made up of three interconnected 

ganglionated networks arranged along three different planes. With 

respect to the myenteric plexus, its ganglia were large sized and 

irregularly shaped. Moreover, during the microdissection of the colonic 

wall, we found the absence of a cleavage plane between the circular and 

longitudinal muscle layers; on the other hand the cleavage plane between 

mucosa and submucosa was not immediately below the muscularis 

mucosae, but slightly deeper, since the innermost part of the submucosa 

remained adhering to overlying layers. 
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1. Introduction 

According to modern approaches to the problem of PTSD treatment, the link that ensures the 

implementation of a complex nature therapeutic intervention in the general structure of psychiatric support 

to the greatest extent is rehabilitation. Rehabilitation is a complex system of state, social, economic, 

medical, professional, pedagogical, psychological and other measures aimed at preventing the development 

of pathological processes that lead to temporary or permanent disability [1]. Because of these measures, the 

patient developed an active attitude to the violation of his health and a positive perception of life, family 

and society. In the modern world, the concept of rehabilitation includes prevention, treatment and 

adaptation to life and work after illness [2]. In recent years, the interest referring the direction "Psychosocial 

rehabilitation" has grown significantly throughout the world. Psychosocial rehabilitation is a process that 

enables people suffering from mental disorders to achieve their optimal level of independent functioning in 

society. Its goal is to improve the patient’s social skills, expanding his sensing sphere and the circle of 

interpersonal communication [3], [4]. Rehabilitation is based on fundamental principles such as partnership, 

versatility of efforts and a unity of psychosocial and biological methods of influence, the grading of the 
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applied efforts and impacts and measures taken. The main stages are: rehabilitation therapy, readaptation 

and rehabilitation [5]. The basis of all rehabilitation measures and methods of influence is an appeal to the 

patient's personality. Correction of the personality reaction occurs depending on the success of the "core" 

package of measures aimed at restoring (restitution) or compensation for impaired functions [6]. There is an 

opinion that the problem of rehabilitation does not exist in relation to neuroses because psychotherapy is 

identical in purpose to rehabilitation and can solve the whole complex of rehabilitation problems [7]. 

However, since in actual practice patients with neurotic disorders are helped mainly by using only 

symptomatic methods, rehabilitation issues acquire a special value and should be in the field of doctor’s 

vision constantly with protracted forms of neuroses [8]. For the current period, medicine does not consider 

psychotherapy and sociotherapy alternatively in the rehabilitation system for mentally ill people. They are a 

single complex of psychosocial methods, joint use of which on a clinically differentiated basis is a decisive 

prerequisite for achieving effective patients social and labor renewal and optimization of their personal 

development [9- 11]. It is possible to speak only about a shift of emphasis towards psychotherapy at 

different stages of rehabilitation patients with PTSD. The experience of relevant studies shows that the use 

of rehabilitation programs allows mitigating of psychopathological symptoms and psychosocial 

maladjustment, restoring lost social communication [12], [13]. 

 

However, in a significant part of cases, such patients need long-term care of psychological and psychiatric 

services, as well as more global support of society [14]. In the transition to community-based care, it is 

important to activate the patients' relatives to ensure their participation in the treatment and rehabilitation, 

since there is the greatest load of resocialization on the immediate environment of patients [15]. It is known 

that the therapeutic goal of therapeutic and rehabilitative work achievable only when the pathological 

process activity, mental state of the patient and his personality, features of the immediate social 

environment, its accessibility to reorganization and individual living conditions are sufficiently taken into 

account, which together determine the patient’s real opportunities [17]. Scientific progress in this direction 

is associated with an increase in the effectiveness of using information about psychogenesis, 

pathomorphism and etiopathogenetic and PTSD clinic. This knowledge allows influencing all 

etiopathogenetic links in the formation of PTSD, thus improving the quality of rehabilitation and preventive 

measures [18]. 

 

2. Materials and research methods 

Segments of human ascending, transverse and descending colon came from eight patients, ranging in age 

from 53 to 65 years, undergoing surgery for cancer. Informed consent was obtained from each patient. The 

fragments of excised colon had a normal appearance and were taken far from the carcinomatous areas (5 cm 

or more away from the cancer site) and were histologically free of tumor and inflammation. Before surgery 

the patients did not take any dmg affecting colon motility. After surgery, the intestinal content was washed 

out from each specimen and the specimen was divided into two cylinders of different length. A plastic tube, 

with a diameter of 4.5 or 3 cm, was inserted into the lumen of the longest segment obtained from the 

ascending, transverse and descending colon respectively. These specimens were fixed and stained in freshly 

prepared Zinc-Iodide Osmium tetroxide solution 3: 1 (ZIO) for 24- 36 h) at room temperature, and then 

submitted to two different procedures. 1) Some of these specimens were carefully dissected with fine 

forceps under a stereomicroscope in order to separate the various layers of the colonic wall. The isolated 

layers were flattened on glass-slides. dehydrated through an ethanol series, mounted and observed under a 

light microscope without any further staining. 2) Others were cut into several fragments, washed in four 

changes of distilled water, dehydrated through an ethanol series and embedded in paraffin using flat 

moulds. Serial sections, 12- 14 ym thick, were cut according to the x, y and z planes: that is, along the 

longitudinal, transverse axes of the gut as well as parallel to the layers of the wall, with the aim of obtaining 
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sections comparable to thin single-layer preparations. The shortest colonic segments were fixed in Bouin's 

solution, embedded in paraffin, serially sectioned and routinely stained with haematoxylin-eosin. The 

observations were made under a Leitz Orthoplan light microscope. 

 

3. Results and Discussion 

The general architecture of ENS in the human colon is different from that of other mammals in some 

respects. The main difference is the presence in man of three networks of ganglia throughout the thickness 

of the submucosa. instead of two, as usually described in small-sized mammals, and corresponding to the 

inner (Meissner) and the outer (Schabadasch, Henle, Stach) submucous plexuses (see review of literature: 

[1], [2]. The innermost row of ganglia, similarly to that described in the sigmoid colon of man [3]. runs 

closelv to the muscularis, mucosae and solitary lymphoid nodules. These ganglia are easily identifiable in 

the full-thickness sections of the colonic wall. stained with either ZIO or haematoxylineosin, and in the 

single-layer preparations of muscularis mucosae. Close relationships between submucosal ganglia and 

lymphoid nodules (Peyer's patches) have also been described in the porcine small intestine [4]. The 

outermost ganglionated plexus, similarly to that found in the sigmoid colon [5]. lies close to the circular 

muscle layer, as previously demonstrated at other colonic levels both electron microscopically and 

immunohistochemically [6], [7] and should correspond to the Henle-Schabadasch-Stach plexus described in 

both small- and large-sized mammals. The third plexus is located at the same leve1 as the large blood 

vessels. This means that it approximately lies in the middle part of the submucosa. between the afore-

mentioned two ganglionated networks. It shows ganglia, nerve strands and neurons larger than those of the 

other two submucous plexuses. This plexus should correspond to Hoyle and Burnstock's «intermediate 

plexusn [8]. However, in our specimens this plexus has been found not so close to the muscularis mucosae 

as was reported for the sigmoid colon. Notwithstanding the different depth at which this «intermediate 

plexus~ is located according to the colonic levels, it might correspond, together with the innermo5t one, to 

the Meissner plexus. Al1 submucous plexuses are interconnected and the innermost one is clearly connected 

to both the muscularis mucosae and mucosa1 plexuses. The outermost one is connected to the myenteric 

plexus, similarly to the other submucosal plexuses. and with the circular muscle plexus. Unfortunately, 

single-layer preparations of the whole submucosa of the human colon cannot be obtained, due to its 

thickness and adhesion to the muscularis mucosae and circular muscle respectively. Therefore, single-layer 

preparations of submucosa contain no more than two rows of ganglia (the middle one plus the outer one) or 

a single row of ganglia (in this case the middle one). thus confirming for the submucous plexus of the 

human colon the distinction in three ganglionated plexuses. Consequently, the distinction in three plexuses 

proposed by Hoyle and Burnstock for the sigmoid colon submucous plexus, can be extended to the entire 

length of human colon. The subdivision of the submucous plexus into three ganglionated plexuses might be 

due to the remarkable thickness of human colonic submucosa and should be important from a functional 

point of view. In fact, considering the relationship each plexus has with a specific submucosal zone 

(submucosal border of the muscularis mucosae and of circular muscle layer respectively, solitary lymphoid 

nodules, large blood vessels) a different population of neurons might be postulated. In this sense, the 

presence within each plexus of a heterogeneous distribution of motor-. sensory-, and inter-neurons might be 

related to the role each submucous plexus plays. Variations in the distribution of the different types of 

neurons might occur and be at the root of severa1 gut diseases. 

 

4. Conclusions 

The analysis of the effectiveness of the developed complex system for the rehabilitation of patients with 

PTSD was carried out based on the clinical and psych diagnostic indicators. Comparison of the results in 

the main and the comparative groups testifies in favor of the effectiveness of the developed complex system 

for the rehabilitation of patients with PTSD, as evidenced by the significant prevalence of the recovery rate 
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and the absence of patients with deteriorating mental state in the main group. According to the results of the 

study, it was found that the goal of rehabilitation work with patients with PTSD is achievable only when the 

activity of the pathological process, the mental state of the patient, his personality, features of the immediate 

social environment, his accessibility to sanitation and individual living conditions are sufficiently taken into 

account, which taken together determine its real possibilities. 
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