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ARTICLE INFO  ABSTRACT

The aim of this experimental study was to investigate the penetration of methotrexate 
into the brain parenchyma after indirect nonanastomotic by-pass surgery (encephalo-
myo-synangiosis) in rats. The fourteen rats were divided into two groups as control and 
operated rats. Control rats were not operated but received methotrexate treatment (50 mg/
kg). The operation of indirect nonanastomotic by-pass was done on operated group. After 
four weeks from the operation, methotrexate (50 mg/kg) was injected via intravenous 
route one hour before the decapitation. Parenchymal methotrexate level was estimated 
by using biochemical methods. The mean methotrexate level in the brain parenchyma of 
control group was estimated as 1.16 ± 0.93 µmol/L. The mean methotrexate level in the 
brain parenchyma of operated group was found as 2.5 ± 0.98 µmol/L. The operation of 
pial synangiosis enhanced the penetration of methodrexate into the brain parenchyma in 
comparison with unoperated subjects. The differences between these two groups were 
statistically meaningful (p=0.0221). In this experimental study, we used the operation 
of encephalo-myo-synangiosis (EMS) for enhancing of the penetration of methotrexate 
into the brain. According to our results the operation of EMS enhanced the penetration of 
methotrexate into the brain parenchyma in the rats.
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1. Introduction
Despite much advancement in the innovation and using of 
antineoplastic agents, the chemotherapeutic treatment of cen-
tral nervous system (CNS) tumors and its metastatic involve-
ment, still have some controversies because of blood brain 
barrier. This barrier is responsible for poor penetration of 
chemotherapeutic drugs into the nervous system (Rall, 1965; 
Griffin and Rasey, 1977).
 Methotrexate is one of the antineoplastic agents. It is used 
for many tumors. The penetration of methotrexate into the 
brain parenchyma is difficult because of poor blood brain 
barrier permeability. For this reason, in the chemotherapeutic 
treatment of malignant lesions seated within the neural paren-
chyma, the administration of intratecal methotrexate injection 
is generally used in clinical practice (Orlando et al., 2002; 
Gao and Jiang, 2006). Insertion of a reservoir for injection 
of agents or local chemo-agent treatment may be preferred in 
the other alternative choices (Orlando et al., 2002).   
 In this experimental study, we used nonanastomotic indi-
rect by-pass surgery using temporal muscle (EMS) in the rats 
for enhancement of methotrexate penetration into the brain 
parenchyma. It is known that extracranial capillary system 

doesn’t have the tight junctions between endothelial cells 
mainly represented from the blood brain barrier. The newly 
forming capillaries originated from extracranial vessels struc-
turally will not have endothelial tight junctions such as in-
tracranial vessels. We hypothesized that these new capillaries 
may be used for chemotherapeutic agents delivering into the 
brain tissue after indirect nonanastomotic by-pass surgery. 
This experimental study was designed to investigate the ef-
ficacy of EMS in the enhancing of methotrexate penetration 
into the brain in rats.

2. Materials and Methods
The present study was approved by the local animal care 
committee at Medical Faculty of Ondokuz Mayis University 
(Local Ethical Committee). 
 Fourteen male Sprague-Dawley rats, each weighing be-
tween 280 and 320 gram, were used for this study. The rats 
were divided into two groups as control (Group I) and EMS 
(Group II).  In this experimental study, Methotrexate (Me-
totreksat Atafarm Drug co., Istanbul, Turkey) was used in the 
evaluation of the efficacy of EMS on the enhancing of the 
penetration of chemotherapeutic drugs into the brain. 
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 Methotrexate formerly known as amethopterin is an an-
timetabolite and antifolate drug used in treatment of cancer 
and autoimmune diseases. It acts by inhibiting the metabo-
lism of folic acid. The chemical formula of methotrexate is 
C20H22N8O5. The molecular mass was estimated as 454.44 
g/mol. The systematic name of methotrexate is as follows; 
(2s)-2-[(4-{[(2, 3-diamino-7, 8-dihidropteridin-6yl) methyl] 
(methyl) amino} phenyl) formamido] pentanedioic acid. Its 
metabolism is mainly hepatic. The half life was found as 3 
and 15 hours but its half life is mainly dose dependent. Its 
excretion from the body is mainly renal route (48-100%). It 
can be used oral, intravenous, intramuscular, subcutaneous 
and intrathechal routes.
 The experimental protocol for Group I rats was as fol-
lows; Prior to procedure the animals were allowed free access 
to food and water in their cages with a 12 hours light/dark 
cyscle and a temperature of 22 ºC. Before starting the pro-
cedure for Group I the rats were anesthetized with ketamine 
(4 mg/100 gr) and xylazine (1.5 mg/100 gr) administered 
intramuscularly. Hematocrit, pH, PO2 and PCO2 and blood 
pressure were monitored during the procedure via the femoral 
artery and vein.  Rectal temperature was maintained at 37 ºC 
with heating a pad throughout the procedure. After establish-
ing optimum physiological conditions for experimental pro-
cedure, methotrexate was given intravenous route. Femoral 
vein was used for the intravenous route. One hour later from 
finishing the intravenous methotrexate injection, the rats were 
decapitated with guillotine technique under the general anes-
thesia. The right hemispheres of the brains were removed and 
placed in test tubes. The brains were kept up to -80 ºC until 
the procedures of biochemical measurements.
 The experimental protocol for Group II (EMS) rats was 
as follows; prior to surgery the animals were allowed free ac-
cess to food and water in their cages with a 12 hour light/dark 
cycle and a temperature of 22 °C. The rats were anesthetized 
with ketamine (4 mg/100 gr) and xylazine (1.5 mg /100 gr) 
administered intramuscularly. Hematocrit, pH, pO2 and pCO2 
and blood pressure were monitored during surgery via the 
femoral artery and vein. Rectal temperature was maintaned at 
37 °C with heating a pad throughout the operation. Each ani-
mal was placed in the semi-lateral position on the operating 
table. A midline straight skin incision was done on the scalp 
from anterior to posterior direction (Fig.1A and B). 

Fig. 1. A.The planned skin incision is shown (I: Incision). B. After per 
     forming the skin incision the skull bone is appeared (SB: Skull  
     bone).

 The temporalis muscle was cut on the superior and pos-
terior margins from the attachment to the bone and was re-
tracted to the inferior and posterior direction. After exposing 
the posterior part of the zygomatic arc, temporal and parietal 
bone was drilled out (Fig. 2A and B). 

Fig. 2. A.Dissection and separation of temporal muscle from skull  
     bone (SB: Skull bone, TM: Temporal muscle). B. Opening 
     of the skull bone to exposing of dura mater and brain paren- 
     chyma (SB: Skull bone, B: Brain, TM: Temporal muscle).

 The dura mater was exposed. An anterior-posterior and 
superior-inferior linear dural incision was done for exposing 
of the pia-arachnoid membrane by using the tip of a 21 gauge 
tuberculin needle. After opening the dura mater, temporal 
muscle was faced over the pial surface. After this procedure 
skin was closed with 4/0 nylon suture.
 After the operation, the rats were recovered in their cages. 
After four weeks from the operation, they were anesthetized 
with same procedure described previously. Following the an-
esthesia and related monitoring principles, all rats received 
an intravenous injection of 50 mg/kg methotrexate. One hour 
later, they were decapitated and right hemispheres of the 
brains were removed and placed in test tubes. The operated 
site of the brain was shown in Fig. 3A and B. 

Fig. 3. A. After removing of the brain tissue the operative site is 
     shown (arrows show the operative site) B. The operative site  
     is shown in sliced brain (arrows show operative site).
 
 As same with Group I rats, the brains were kept up to -80 
ºC until the procedures of biochemical measurements. The 
rat brains were stored in the same shelf of the deep freeze 
machine. The following day, all the specimens were trans-
ferred to the biochemistry laboratory within a cold keeper 
bag. The brain tissues were pulverized with liquid nitrogen. 
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The weights of brain tissues were estimated. 
 The micro-total protein levels of supernatants were es-
timated by using a Roche COBAS INTEGRA 800 machine 
with Total Protein Urine /CSF Gen 3 (TPUC3) kit using the 
turbid metric method.
 Levels of methotrexate in brain were estimated by 
HPLC.
 All the measured values are presented in Table 1 and 2, 
and were analyzed statistically. 

Fig. 4. Brain methotrexate levels in Group I and Group II. 

Fig. 5. Brain micrototal protein levels in Group I and Group II.

 The chi square test was used to determine the significance 
of differences among the groups and p values of less than .05 
was considered statistically significant.

3. Results
Methotrexate (Metotreksat Amphar b.v. Flakon), the com-
mercially available antineoplastic drug was used for this 
experiment. After calculating the appropriate dose, the drug 
was injected through the rat femoral vein. Before and imme-
diately after the injection, the blood pressure and heart rate 
were measured via a catheter inserted into the femoral artery. 
Blood pressure and heart rate in rats did not change signifi-
cantly after the injections of methotrexate. 
 Postoperative daily clinical examinations were performed 
in all rats. There was no operative mortality and infection. 
Postoperative clinical examinations were noted as normal in 
all rats. 
 During removing the rat brains, the operation sites in 
EMS rats were inspected with gross-microscopically. There 
was no infection and hematoma finding in any rats. The in-

direct by-pass flap attached to the brain surface in all EMS 
rats. 
 Two different parameters were measured in the evalua-
tion of the results of this experimental study. One of these pa-
rameters was the level of methotrexate in the brain. Another 
of them was the level of micro-total protein in the brain.
 The level of methotrexate in Group I (Control) was esti-
mated as 1.16 ± 0.93 µmol/L. In the other hand the level of 
methotrexate in Group II (EMS) rats was estimated as 2.5 ± 
0.98 µmol/L. The levels of methotrexate were shown in Ta-
ble 1.  It was found the presence of 54% difference between 
Group I and Group II in terms of methotrexate levels (Fig. 4). 
The differences between these two groups were statistically 
significant (p=0.0221).
 The mean micro total protein level was estimated as 
1044.3 ± 88.67 mg/dl in Group I. In Group II, the mean mi-
crototal protein level was found as 1308.6 ± 185.9 mg/dl. 
There is 21% difference between Group I and Group II (Fig. 
5). The micrototal protein levels were shown in Table 2. The 
differences between these two groups were statistically sig-
nificant (p=0.0113).
  
4. Discussion
Tumor lesions located in the CNS system can be mainly di-
vided into two main groups as primary and secondary tumors. 
The term of primary tumors are used for describing of the 
tumors primarily originated from the nervous system cells. 
The term of secondary tumors are used for metastatic lesions. 
Primary brain tumors and secondary brain metastasis repre-
sent an important cause of morbidity and mortality in adults 
and child. Surgery, chemotherapy and radiotherapy are the 
treatment methods.

Table 1. The levels of methotrexate in Group I and Group II. 

Table 2. The level of micrototal proteins in the rats

Fig. 3. A. After removing of the brain tissue the operative site is shown (arrows show the 

operative site) B. The operative site is shown in sliced brain (arrows show operative site).  
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Group II (Pial 
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MEAN±SD 1138, 6 ± 88, 67 1308, 6 ± 185, 9 
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Although chemotherapy had been defined as a treatment 
method for many years, there is no common consensus be-
cause of chemo sensitivity and the blood brain barrier. The 
presence of intact or partially intact blood brain barrier is the 
main limitation of chemotherapy in these cases. Some differ-
ent methods had been defined for diversion and/or penetra-
tion of blood brain barrier. Some of these methods are used 
together with systemic chemotherapy. Some others are used 
in focal chemotherapy treatment methods. The term of focal 
chemotherapy treatment methods includes the direct deliv-
ery of chemotherapeutic agents to the central nervous sys-
tem. These methods include the use of Ommaya reservoirs, 
intrathecal injections (Orlando et al., 2002), intra-arterial 
injections (Cloughesy et al., 1997; Newton et al., 2003), or 
high-dose systemic therapy with some agents such as meth-
otrexate (Lassman et al., 2006). Another method is to give 
chemotherapy drugs with some agents that inhibit the drug 
transport of the blood brain barrier such as mannitol.  
 Blood brain barrier had been defined by Deekens and 
Loscher (Deeken and Löscher, 2007). Endothelial tight junc-
tions and glial cellular barrier restrict the passage of some 
materials into the brain parenchyma. Extracellular matrix, 
pericytes, and astrocytical foot processes further mediate the 
specific permeability of blood brain barrier. The main blood 
brain barrier is the lack of fenestrated endothelial cells and 
the presence of tight junctions in the brain capillary vascula-
ture (Bellavance et al., 2008). 
 The passing of chemotherapeutic agents across the blood 
brain barrier is the main obstacle in the medical treatment of 
primary and secondary brain tumors. It is necessary the diver-
sion and/or facilitation procedures for sufficient and effective 
delivering of the chemotherapeutic agents to the tumor cells 
and interstitial space of tumor tissue seated deep in the brain 
(Kemper et al., 2004; Deeken and Löscher, 2007). For this 
purpose we developed a new animal procedure for diversion 
of blood brain barrier and facilitation of the penetration of 
the chemotherapeutic agents into the brain. In our procedures 
we used EMS for revascularization (Karasawa et al., 1977; 
Yoshioka and Tominaga, 1998). 
 The technique of EMS had been described treating of 
cerebral vascular insufficiency such as the moya moya dis-
ease and other vascular occlusive pathologies (Karasawa et 
al., 1977; Yoshioka and Tominaga, 1998). In this procedure, 
extracranial tissues is mobilized with protection of their vas-
cular feeders and exposed to pia mater. For this purpose, the 
temporal muscle is frequently used. Following this procedure 
the micro-capillary vasculature of extracranial structures in-

vades the very delicate membrane of pial mater to reach down 
the interstitial and extracellular matrix space of nervous sys-
tem for developing of new vascularization tree. Yoshioka et 
al. reported the efficacy of EMS on cerebral revascularization 
not only in patients with adult moyamoya disease, but also in 
elderly patients with atherosclerotic ischemic disease (Yosh-
ioka and Tominaga, 1998).  
 We hypothesized that the rats underwent EMS opera-
tion will have more methotrexate concentration in their brain 
tissue than those of unoperated control rats. In our experi-
ment following the EMS operation the rats were housed in 
their cages keeping natural environmental conditions for four 
weeks. This time period is necessary for proliferation, devel-
oping and generation of new micro capillary vasculature. Fol-
lowing this standby period, all rats were re-anesthetized with 
same procedure. methotrexate was prepared and injected via 
venous route for reaching of fast and effective blood metho-
trexate levels. Following this procedure the rats were hemo-
dinamically stabilized and monitorized for one hour with op-
timal environmental condition in where described previously 
in methods section. After one hour period, the rats decapitated 
under the effect of general anesthesia. The brains of all rats 
were removed. In the biochemical evaluation, we used two 
different parameters; micro-total protein levels of the brain 
and brain methotrexate levels.  The height of the brain protein 
levels in EMS rats was found as 21 % higher than those of 
control rats. The differences between EMS and control rats 
were statistically significant (p=0.0113). There is close re-
lationship between brain protein levels and the permeability 
of blood-brain barrier. Increased brain protein levels can be 
explained with increased permeability of blood brain barrier.
The most important part of this study was to measure the level 
of methotrexate in the brain. The systemic use of methotrex-
ate is not common in brain tumors because of low blood brain 
barrier permeability. Group I rats had a low brain methotrex-
ate levels (1.16 ± 0. 93 µmol/L). The situation was different 
in Group II rats. EMS surgery enhanced the brain methotrex-
ate levels in the ratio of 54%. The differences between these 
two group was statistically significant (p=0.0221).

5. Conclusion
The results of this experimental study show us that EMS has 
the increasing effect on the methotrexate permeability to the 
brain in rats. After brain tumor removal indirect nonanasto-
motic by-pass procedures may be performed to enhance the 
chemotherapeutic permeability to the brain.
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