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 Abstract : Mortality and morbidity in bacterial meningitis remain high in children and adults. Previous 

studies suggested that inflammatory response to bacterial products apparently continues even after the 

bactericidal effect of antibiotics, resulting in destruction of the host tissue. Previous studies showed that ACTH4-

10 synthetic uses melanocortin receptors and  it was considered that α-MSH shares the first 13 amino acids 

sequence with ACTH4-10, ACTH4-10 can be identified as α-MSH exogenous. αMSH has been known to have anti-

inflammatory activity. Research method used experimental studies on Wistar rats to compare expression of 

intracerebral inflammatory  through the number of leukocytes in CSS and separated junctions formation 

between endothelial cells after intracisternal LPS challenge and after intranasal administration of ACTH4-10 .. 
The control group (n = 18) was given with LPS + Placebo and the experimental group (n = 18) was  given with 

LPS + ACTH4-10. Inflammatory characteristics were measured and analyzed statistically. The results show the 

number of CSS leucocytes  were significantly different (p <0.05) and there was a marked change in separated 

junction between the two groups (p <0.05). It can be concluded that in this study, ACTH4-10 synthetic  

administration significantly improved intracerebral inflammatory condition characterized by a decrease 

number of leukocytes  and  separated junction formation. 
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I.          Introduction 

Mortality and disability caused by bacterial meningitis remain to be health problem in the 
world and still has not been improved despite the development of many specific antimicrobial

1,2
. In 

general, 34% mortality is caused by bacterial meningitis and more than 50%  patients who survive 

have severe neurological sequelae
3
. Previous studies have shown that the inflammatory response to 

bacterial products apparently continues even after the bactericidal effect of antibiotics, resulting in the 

destruction of the host tissue
4
. 

The structure of Blood-brain barrier CNS is the most important thing for the defense against 
bacterial infections and it is established by intercellular Tight Junctions between cerebral 

microvascular endothelial cells, astrocytes cells, pericytes and basal membrane
5
. Destruction of this 

junction led to increased permeability of BBB and potentially disrupted intracranial homeostasis and 

ultimately destroyed brain cells. Research on intracerebral endotoxin challenge suggests that 
inflammatory responses cause damage on  the junctional complex and increase  paracellular transport 

between endothelial cells
6
. 

Based on that facts, the current therapeutic targets aimed not only to eradicate the invading 
bacteria but also to address the severe inflammatory reaction triggered by bacterial products (cell wall, 

capsule, DNA) from lysis of bacteria due to exposure to antibiotics
7
. Until now, many researches try 

to find  new therapeutics to control excessive inflammatory response caused by bacterial products
3,8

. 
Analog ACTH4-10 (ACTH4-7 Pro-Gly-Pro) synthetic is the agent nootropik, a group of neuropeptides 

and acts as an endogenous neuromodulator function of the CNS
9
 (Bashkatova et al., 2001). From 

previous studies it was found that Analog ACTH4-10 synthetic had angioprotective, neurothrophic, 

antihypoxic effects on neuroinflammatory diseases
10

. 
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The purpose of this study was to evaluate the effect of ACTH4-10 synthetic after LPS exposure through 
the number of leukocytes in the CSS and change separated junction between cerebral microvascular 

endothelial cells. 

 

II.      Research Methods 
Endotoxin.  

Escherichia coli serotype 026:B6 lipopolysaccaride (LPS) was supplied by Sigma-Aldrich inc 

(Sigma, St Louis, Mo) and suspended in normal saline.  Based on the results of previous study which 
demonstrated  the maximal WBC concentrations in the CSF and percentage of BBBP, the applied 

dose was 20ng.  

 
ACTH4-10 synthetic.  

ACTH4-10 synthetic is a product of PT SEMAX  axomedica developed by the Institute of 

Molecular Genetics, Russian Academy of Science Moscow, Russia and Lomonosov University in 

Moscow, with the concentration 0,1%. Based on the previous study, the used doses   1 drop for each 
nostril. 

 

Meningitis model 
Adult wistar rats (approximately 3 weeks and 200g). were used in this experiment and divided 

into 2 groups. The first group functioned as the control group and the second as experiment groups. 

The wistar rat was anesthetized with intravenous injection of ketamine (7mg/kg) and xylazine 
(100mg). LPS was inoculated via cysternal puncture after the withdrawal of 50-75µl CSF. CSF was 

sampled at either 4 hours post inoculation with LPS, and WBC counts were determined. WBC 

concentration in CSF was determined by standard hemocytometer  methods.  

In this experiments ACTH4-10 synthetic was administered intra nasally for second group and 
the placebo from ACTH4-10 solvent was administered for the first group. CSF sample was taken at 

either 2 hours after administering ACTH4-10 synthetic and placebo  and WBC counts were determined 

again. Finally, the rats were decapitated and brain tissue sample was taken and preserved in 40% 
formaldehyde and then the separated junction formation between cerebral micro vascular endothelial 

cells was determined
11

.  

Assessment of the WBC counts in the CSS.  

4µl CSS was smeared on the object glass, dried for 10 minutes, fixated with 70% alcohol and 
dried again. And after the washing with the steril aqua, the CSF smear was stained with Giemsa 

solution for 30 minutes and after that it was washed again with steril aqua, dried and covered by glass. 

CSF smear was observed by using Olympus DX53 microscope with 200x magnification at 5 different 
angles and calculated with colonic counter

12
. 

 

Assessment of separated junction of micro vascular endothelial cell in Blood-brain barrier 
Brain slice was stained with hematoxylin and Eosin (HE). Separated junctions were defined 

as areas where plasma membranes of adjacent endothelial cells, lining a capillary lumen, were 

completely separated. and in this experiment, DP25 camera olympus with full-resolution (2560x1920 

pixels) and Olympus software Micro suite TM Net Cam was used to determined the separated 
junction. the separated junction was calculated in nm. 

 

Statistical analysis.  
The number of WBC and separated junction in the experimental and control groups were 

compared by using descriptive and inferential analysis, and it was considered as  significance if 

p<0.05. 
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III.      Results 

Effects of ACTH4-10 synthetic at  micro vascular cerebral separated junction 

Control and experimental groups were distributed normally (Kolmogorov-Smirnov test, p> 

0.05), so the analysis was performed with two-sample t test (independent t test) between the two 

groups, while the comparison with the group of normal rats used one-sample t test (one sample t test). 
The results of the following analysis, mean of the separated junction, can be seen in the table 1.   

Table 1. The ACTH4-10 effect  on the separated junction of micro vascular cerebral endothelial cells  

The results of one-sample t test showed a significant difference (p <0.05) on the control group 

compared with the experimental group, suggesting that the ACTH4-10 synthetic could improve the 
separated junction of micro vascular cerebral endothelial cells   (Fig 1 and Fig 2) 

 

 
 

Figure 1. The mean differentiation of  separated junction between the control and                             

experimental groups 
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Fig 2. The increased separated junction was seen  in the sagital view of microvaskular cerebral area 
(A1) and transversal view (A2), and after administration of ACTH4-10 synthetic, the separated 

junction improved (B1 and B2)   

The number of leukocyte in CSF 

      Cerebrospinal fluid sample collected by intracisternal puncture was performed to determine 
the number of leukocyte in normal rats of control and the experimental groups. This study showed the 

significant  increase of leucocytes number in the control group when compared with the normal rats 

and after administration of ACTH4-10 synthetic, the number of leukocyte was nearly normal (Table 
2).  

       The data for the number of leukocytes in the CSF for experimental group was normally 

distributed (Kolmogorov-Smirnov test, p> 0.05), but the variance of the data between the groups was 
not homogeneous (Levene's test, p <0.05), similar to the result of the analysis conducted by Brown-

Forsythe test. The results of the analysis is presented as follows. 

 

Table 2. The Effect of ACTH4-10 on the number of leukocytes in the cerebrospinal fluid 

Brown-Forsythe test results showed a significant difference (p <0.05) from the comparison between 
control group and the experimental group. The Administration of ACTH4-10 appears to decrease the 

number of leukocytes (Fig 3 and 4). 

 

 
 

Figure 3. The comparison of the leukocyte number between normal , control and experimental rats.  

Figure 4. The differentiation of the leukocyte number in (A) normal rat; (B) control groups, (the 
number of leukocyte increased) and (C)   experimental groups (the leukocyte was almost similar to 

the normal rats) 

 

IV.      Discussion 

In bacterial meningitis, one of morphological changes of blood-brain barrier (BBB) is the 

total separated junction between vascular endothelial cells. These changes have an impact through 
increased permeability via paracellular pathway. Normally, endothelial cells are connected with the 

other cell through junctional complex that consists of Tight Junction (TJ), Adherence Junction (AJ) 

and cytoskeleton 
5,13,14

. This structure relates to BBB functions as a regulator of intracranial 
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homeostasis that should be able to restrict the influx of the cells, hormones, enzymes, bacteria and the 
others from blood into the brain 

15
.  

Separated junction causes leukocyte influx into CSS. The mechanisms of separated junction formation 

relates to balance between contractile force of cytoskeleton and adhesive force in the junctional 

complex 
5,16

.  Under normal conditions, cerebral microvascular endothelial cells interacts closely one 
another

17
. In this study, we did not perform histological examination of normal brain tissue by ethical 

considerations, thus data distance between endothelial cells is not obtained. 

The separated junction formation consists of 2 processes that occur simultaneously : (1) changes in 
the adhesive property of TJ and AJ and (2) reorganization of actin cytoskeleton  Separated junction 

formation process consists of two processes occurring simultaneously: (1) changes protein 

phosphorylation in the adhesive properties of TJ and AJ and (2) reorganization of the actin 
cytoskeleton that consists of polymerization actin filament, assosciation actin myosin and the 

formation of intracellular contractile force causing dislocation of transmembrane and AJ protein
18,19

. 

In general, alterations of TJ protein (Ocludin, ZO-1, ZO-2 and claudin-5) could change the protein 

transmembrane localization,  induce redistribution this proteins and alter the junctional complex 
between endothelial cells

20,21
.   

Increasing of BBB permeability could be caused by many factors, (1) proinflammatory mediators 

released by cells within the brain and leucocytes into the brain, (2) iNOS within the neutrophils and 
macrophages

22,23
 and (3) bacterial products such as LPS and peptidoglycan which can stimulate the 

release of proinflammatory cytokines (Abbott et al., 2006). In inflammatory conditions, LPS could 

damage BBB through direct manner with actin cytoskeleton that induces morphological changes in 
the inner surface of the intercellular junction

24,25
 (Lai et al., 2005; Eswarappa et al., 2008) and 

indirectly through cytokine-induced release of pro-inflammatory cytokines (IL-1, IL -6, IL-8 and 

TNFα) from endothelial cells and glial cells. TNFα and IL-1β are known as a potent activator of 

NFκB which is a transcriptional activator of genes involved in the production of proinflammatory 
cytokines, chemokines and adhesion molecules. NFκB activation triggers the overexpression of 

proinflammatory mediators and increases both adhesion molecule expression in endothelial cells 

(ICAM-1) and leukocyte resulting in withdrawal, leukocyte adhesion to the abluminal side of cerebral 
microvascular endothelial cells, diapedesis and massive leukocyte influx into space subarachnoid

26,27
. 

This is very different from the normal condition that the expression of ICAM-1 and VCAM-1 in 

microvascular endothelial cells is very limited
28

 (Gan et al, 1999). Consistent with the results of this 

study, LPS alters the junctional complex with separated junction formation (Fig 2), and following this 
formation, the number of significant   leucocytes   influx to   CSS can be seen   when   compared with   

the  normal rats (p<0,05) (Table 2, 

Fig 3,4). 
Analog ACTH4-10 synthetic consists of a synthetic amino acid sequence Met-Glu-His-Phe-Pro-Gly-

Pro, which is identical to the amino acid fragment of α-MSH by eliminating the effect of hormones 

melanocytes
10,29

. Alpha-MSH has potent anti-inflammatory effects when it is administered 
systemically or locally. Anti-inflammatory effects are mediated either directly on cells of the immune 

system and indirectly through its effect on the function of the cells of non-immune. Thus, α-MSH can 

influence multiple pathways involved in the regulation of immune responses such as NF-κB 

activation, expression of adhesion molecules and chemokine receptors, the production of pro-
inflammatory cytokines and other mediators of non-cytokine

30
. 
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According with the junctional complex, ACTH4-10 synthetic can significantly improve 
(p<0,05) the separated junction (Table 1, Fig 1,2). The underlying mechanism relates to ACTH4-10 

synthetic structures and melanocortin receptors are used
10

 (Gusev and Skvortsova, 2003). ACTH4-10 

synthetic improves the paracellular pathway via inhibition mechanism activation NFkB through 

ERK1/2 and p38 signalling pathways
31

. After that, the decreased expression of TNFα and IL-1β will 
cause the decreased induction redistribution of ZO-1, Ocludin and lower TER>80% 

approximately
32,33

. Another mechanism relates to the ability of ACTH4-10 to reduce the increased NO, 

oxidants that have the ability to impair BBB functions
34

 through the destruction of tubulin and actin. It 
proves that administering ACTH4-10 synthetic can improve the BBB function as a regulator of cerebral 

homeostasis
10,35

 (Table 1, Fig 1,2). 

According with number of leukocyte in the CSF after LPS induction that is very different 
from the result after administration of ACTH4-10 synthetic, the exact mechanism is still unclear, the 

possible explanation here is that ACTH4-10 synthetic could improve BBB permeability so the 

leukocyte influx could be stopped and at the same time,  leukocyte apoptosis in the CSF accelerates. 

The result of this procesess is the decreased number of leukocyte. Neutrophil phagocytosis that has 
undergone apoptosis by macrophages has anti-inflammatory effects. At the time of phagocytosis, 

macrophages release TGFβ and IL-10
36

. TGFβ plays role to maintain the balance between activation 

of leukocytes to combat bacterial and leukocyte deactivation to prevent potential damage that causes 
tissue injury with the reduction of leukocytes withdrawal, the suppression of the inflammatory 

response that precedes the activation of leukocytes and endothelial cells, the expression of adhesion 

molecules, the production of pro inflammatory cytokines, the suppression of the release of H2O2, and 
the expression of iNOS

37,38
. The administration of ACTH4-10 synthetic results in an increase of TGFβ 

compared to placebo
10

. This finding supports the results of this study in which the administration 

ACTH4-10 significantly reduced the number of leukocytes in the CSS (p <0.05). 

 

V.        Conclusion. 

Administration of ACTH4-10 synthetic has proved to improve the altered BBB function, 

especially improving the separated junction formation that reduces the number of leukocytes in the 
CSS  
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