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Summary

Results of clinical trials with oxaliplatin in treating glioblastoma are dismal. Previous works 

showed that intravenous (i.v.) delivery of oxaliplatin did not increase the survival of F98 glioma-

bearing Fisher rats. Low accumulation of the drug in tumor cells is presumed to be responsible for 

the lack of antitumor effect. In the present study, convection-enhanced delivery (CED) was used to 

directly inject oxaliplatin in brain tumor implanted in rats. Since CED can led to severe toxicity, 

the liposomal formulation of oxaliplatin (Lipoxal™) was also assessed. The maximum tolerated 

dose (MTD) of oxaliplatin was 10 μg, while that of Lipoxal™ was increased by 3-times reaching 

30 μg. Median survival time (MeST) of F98 glioma-bearing rats injected with 10 μg oxaliplatin by 

CED was 31 days, 7.5 days longer than untreated control (p = 0.0002); while CED of 30 μg 

Lipoxal™ reached the same result. Compared to previous study on i.v. delivery of these drugs, 

their injection by CED significantly increased their tumoral accumulations as well as MeSTs in the 

F98 glioma bearing rat model. The addition of radiotherapy (15 Gy) to CED of oxaliplatin or 

Lipoxal™ increased the MeST by 4.0 and 3.0 days, respectively. The timing of radiotherapy (4 h 

or 24 h after CED) produced similar results. However, the treatment was better tolerated when 

radiotherapy was performed 24 h after CED. In conclusion, a better tumoral accumulation was 

achieved when oxaliplatin and Lipoxal™ were injected by CED. The liposomal encapsulation of 

oxaliplatin reduced its toxic, while maintaining its antitumor potential.
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Introduction

Oxaliplatin belongs to a third generation of platinum derivatives. It was developed to reduce 

the toxicity of parental platinum drugs, while maintaining or increasing the same antitumor 

efficiency. It has become one of the first line chemotherapy drugs for advance colorectal 

cancer and it is also being studied in the treatment of other types of cancers [1–3]. Several 

clinical trials have been carried out either using oxaliplatin as a single agent or combined 

with other antineoplastic drugs in the treatment of primary brain tumors [4–6]. However, 

either limited antitumor activities were observed or an insufficient number of patients were 

recruited to further support its use in clinic [4–6]. Studies were discontinued due to the 

dismal results of clinical trials. Our previous pre-clinical study also showed that intravenous 

injection (i.v.) of oxaliplatin does not increase the median survival time of F98 glioma-

bearing rats [7]. This may be due to the presence of the blood-brain barrier (BBB) and 

impaired central nervous system (CNS) delivery, limiting drugs from accumulating in brain 

tumors [8]. In the same study, different platinum drugs were tested with different injection 

routes. Interestingly, higher tumoral accumulation of a drug correlated to the route of 

infusion, and was associated with the median survival time of glioma-bearing Fisher rats [7].

In that respect, convection-enhanced delivery (CED) is a particularly relevant strategy, since 

it allows delivery of high dose of antineoplastic agents directly in the tumor volume and 

maximize its residence for prolonged time [9]. As the platinum drugs are cell cycle specific 

agents, this approach allows for an increase of both the concentration and time of exposition. 

The teams of Elleaume and Barth have extensively studied the antitumor efficiency of 

cisplatin and carboplatin delivered by CED with and without radiotherapy [10–15]; a 

significant increase in median survival time was observed [10–15]. Therefore, it seems 

appropriate to evaluate the antitumor activity of oxaliplatin by this delivery method, despite 

its potential neurotoxicity [16].

Faced with the possibility that direct tumoral injection of oxaliplatin could lead to a worsen 

neurotoxicity profile, we intended to circumvent this risk by also testing the liposomal 

formulation of oxaliplatin (Lipoxal™). This formulation was developed by Regulon Inc. to 

reduce the toxicity of oxaliplatin. It was found safe within a range of dose of 100–250 

mg/m2 by i.v. in human. Indeed, side effects such as mild myelotoxicity, nausea, peripheral 

neuropathy were only observed at doses of 300–350 mg/m2 [17].

Patients with glioblastomas have long benefited from postoperative radiotherapy [18]. It 

remains one of the main components of current glioblastoma treatment along with 

temozolomide chemotherapy [19]. We have recently studied the synergy between platinum-

derivatives and radiation in glioblastoma cells, human colorectal cancer cells and in vivo 

colorectal tumor bearing nude mice [20–22]. The amount of platinum-DNA adducts has a 

positive correlation to the enhancement of the DNA damage by radiation [23]. At the time 

when the amount of platinum bound to the DNA of cancer cells is highest, optimal synergy 

is obtained between platinum-drugs and radiotherapy. Therefore, time-based radiotherapy 

studies of oxaliplatin and Lipoxal™ in F98 glioma-bearing rats were also performed with 

the goal of maximizing results of platinum-based chemo-radiation treatment.
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Methods and materials

Chemicals

Oxaliplatin was purchased from Sanofi-Aventis (Laval, QC). Lipoxal™ (liposomal 

formulation of oxaliplatin) was generously provided by Dr. Teni Boulikas of Regulon Inc., 

(Athens, Greece).

Cell lines and animal model

The rat glioblastoma cell line F98 was purchased from American Type Culture Collection 

(ATCC). Male Fischer rats weighing 210 to 225 g were purchased from Charles River 

Laboratories International Inc. (Wilmington, MA). The experimental animal protocol was 

approved by the institutional ethical committee and complied with the regulations of the 

Canadian Council on Animal Care (protocol # 329-13B).

F98 glioma cell implantation in Fischer rats

The detailed implantation method has been described elsewhere [24]. Briefly, 5 μl of 10 000 

F98 cells in Dulbecco’s Modified Eagle Medium (DMEM) without fetal bovine serum 

(FBS) were injected to a target site corresponding to 1 mm anterior and 3 mm right of the 

bregma, to a depth of 6 mm over 5 min.

CED procedure

Ten days after the implantation of F98 cells, CED procedure was performed with a 33 Ga 

Hamilton syringe (Hamilton Company, Reno, NV). Oxaliplatin and Lipoxal™ infusions 

were initiated at the same position as the F98 cell implantation, and done at a rate of 0.5 

μl/min for 20 min [25]. Before and after infusion, the needle was maintained in a stationary 

position for 5 min and finally slowly withdrawn during 6 min. This step was performed to 

reduce the backflow and increase the convection volume by maintaining the interstitial 

pressure.

Maximum tolerated dose (MTD)

The MTD of oxaliplatin and Lipoxal™ were determined via a traditional 3 + 3 design [26]. 

After CED of platinum drugs, the rats were followed for 10 days; those who were unable to 

feed or groom, presented lethargy or weight loss by more than 30 % were considered to 

exhibit severe drug toxicity.

Drug distribution volume

Distributions of oxaliplatin and Lipoxal™ in the brain of implanted F98 Fischer rats were 

measured. To that end, the brains were extracted 30 min after CED and then sliced using a 

brain matrix. A 2 mm slice at the injection point was cut into several sections. Five sections 

representing proximal and distal to the target site were chosen and digested in a 1:1 mixture 

of 70 % HNO3 and 30 % H2O2 and their platinum content analyzed by inductively coupled 

plasma mass spectrometry (ICP-MS) (ELAN DRC-II, PerkinElmer, Woodbridge, ON). The 

distribution study was triplicated and average of the concentration in each section was 

mapped back into the slide.
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Assessment of animal survival

Treatment groups were planned as follows: control (CED of 10 μl 5 % dextrose), 

radiotherapy alone (CED of 10 μl 5 % dextrose plus 15 Gy radiotherapy), chemotherapy 

alone (CED of 10 μl of 1 μg/μl oxaliplatin or 3 μg/μl Lipoxal™) and chemotherapy plus 

radiotherapy (CED of 1 μg/μl oxaliplatin plus 15 Gy radiotherapy or 3 μg/μl Lipoxal™ plus 

15 Gy radiotherapy) (Fig. S1). Eight rats were included per group. The rats were monitored 

and assessed on a daily basis by the following criteria: weight, mobility, coordination, 

feeding and grooming. When an animal presented a loss of more than 30 % of its initial 

weight or one of the monitored indices reached a score of 1/10, it was euthanized.

Tissue platinum concentration and platinum-DNA adduct quantification

Ten days after F98 cell implantation, 10 μl of 1 μg/μl oxaliplatin or 3 μg/μl Lipoxal™ was 

infused by CED. Four h, 24 h, or 48 h later (3 rats/group), rats were anesthetized and 4 % 

paraformaldehyde was infused by intra-cardiac to evacuate the blood. Brains were extracted 

and a 2 mm thick slice at the injection point was cut using a rat brain matrix. The tumor area 

and the normal brain around tumor were collected and weighed. To determine the total 

platinum concentration, tissues were digested and platinum were quantified as described in 

the section “Drug distribution volume”. The tissue platinum concentration was expressed as 

μg platinum per g tissue. For platinum-DNA adduct quantification, DNA were extracted by 

the phenol/chloroform method and quantified by spectrophotometry, whereas platinum was 

quantified by ICP-MS [27]. The amount of platinum-DNA adducts were expressed as ng 

platinum per μg DNA.

Radiation treatment with a gamma knife

Either 4 or 24 h after CED, rats were treated with 15 Gy of radiation using a Gamma Knife 

PERFEXION (Elekta Instruments AB, Norcross, GA), as described previously [25].

Statistical analysis

Difference of the amount of platinum-DNA adducts at different times post-CED were 

assessed by two-way ANOVA. Survival data were plotted by Kaplan–Meier survival curves 

and the median survival time between groups were analyzed by log-rank test with GraphPad 

prism 6, (GraphPad Software Inc., San Diego, CA). A p value <0.05 was considered as 

statistically significant.

Results

Determination of MTD and neurotoxicology induced by platinum drugs

The toxicological profile of oxaliplatin can be significantly improved when it is shielded by 

liposome (Lipoxal™). As measured after delivery by CED, rats can tolerate a dose 3-times 

higher for Lipoxal™ than oxaliplatin. The MTD of Lipoxal™ was 30 μg, while the same 

signs of neurotoxity was observed after injecting 10 μg of oxaliplatin. When 30 μg of 

oxaliplatin was tested, unacceptable neurotoxicity was observed. One rat showed weakness 

in his left front paw and another had general touch hypersensitization for one day after the 

treatment. General signs such as reduced frequency of grooming, reduced feeding were also 
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observed. On the third day, the rats had lost 12.4 % of initial weight. They were euthanized 

and their brains were extracted.

Histological analysis of rat’s brain treated at 30 μg of oxaliplatin showed a massive edema in 

the parenchyma, necrosis, vacuolization and focal hemorrhage (Fig. 1a); while a less severe 

and local edema, necrosis and hemorrhage were observed at the dose of 10 μg (Fig. 1b–d).

On the other hand, when animals were treated with Lipoxal™ at the same dose of 30 μg, 

only mild signs of toxicity such as reduced feeding were induced. A milder decrease of 

weight (4.0 %, p = 0.0045) was recorded at day 3. Histological analyses of brains treated 

with Lipoxal™ showed a necrosis and focal hemorrhage but only in the center of the tumor 

(Fig. 1e), and less edema was observed in the normal tissue surrounding the tumor than what 

was induced by the same dose of oxaliplatin (Fig. 1f). Interestingly, less glial cells were 

presented in normal tissue in both the oxaliplatin and Lipoxal™ animals treated at their 

respective MTD compared to untreated rats (Fig. 1d, f).

Volume of drug distribution

We determined whether the incorporation of oxaliplatin in a liposomal formulation altered 

its distribution when injected in glioma-bearing rats at their respective MTD. Concentrations 

of these drugs were determined by ICP-MS analysis and their distribution was mapped onto 

the brain slice (oxaliplatin, Fig. 2a; Lipoxal™, Fig. 2b). As expected, the drug 

concentrations were higher at the injection point. Most importantly, by comparing H&E 

brain tumor slices (Fig. 2c) with the drug distribution maps (Fig. 2a, b), we found that the 

distributions of both drugs were sufficient to cover the tumor area. On the other hand, drug 

diffusion in the contralateral hemispheres was limited since the concentration of oxaliplatin 

and Lipoxal™ were respectively 84 and 289 times lower (Table S1).

In tumor samples corresponding to the injection site, only 1.9 times more Lipoxal™ that 

oxaliplatin was measured, although the amount of injected Lipoxal™ corresponding to its 

MTD was 3 times higher (Table 1). Conversely, in the farthest area to the brain tumor, the 

concentration of Lipoxal™ was 11.5 times more important than measured in brain injected 

with oxaliplatin (Lipoxal™ = 34. 0 μg/g tissue; oxaliplatin =3.0 μg/g tissue) (Fig. 2a, b; 

Table S1). These results support that the distribution volume of Lipoxal™ was much larger 

than the one of oxaliplatin.

Median survival time (MeST) of glioma-bearing rats

Oxaliplatin delivered by CED increased the MeST of F98 glioma-bearing rats by 7.5 days (p 
= 0.0002) to 31 days, when compared to rats treated with CED of dextrose (Fig. 3a and 

Table S1). The same MeST was obtained with Lipoxal™, supporting that the liposomal 

formulation did not hamper the overall antitumor effect (Fig. 3a and Table S1. When 

oxaliplatin and Lipoxal™ were combined to radiotherapy (15 Gy), the MeST increased by 4 

and 3 days respectively (Fig. 3b, c).
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Kinetic of platinum-DNA adducts and optimized time for radiotherapy

After CED infusion, the quantity of oxaliplatin and Lipoxal™ in tumor and in surrounding 

normal tissue decreased from 4 to 48 h post-injection (Fig. 4a, b). Lipoxal™ shown higher 

tumoral and normal tissue uptake than oxaliplatin did when tested at their respective MTD. 

The quantity of DNA-bound oxaliplatin in tumor and surrounding normal tissue decreased 

gradually from 4 to 48 h (p < 0.05) (Fig. 4c). Conversely, the quantity of DNA-bound 

Lipoxal™, after an initial decrease between 4 and 24 h, was followed by a second maximal 

observed at 48 h post-CED, but only in tumor (p < 0.05) (Fig. 4d). At 4 and 48 h after CED, 

the quantity of Lipoxal™ bound to DNA was significantly more important than measured 

with oxaliplatin.

Based on the significant decrease of DNA-bound oxaliplatin at 24 h relative to 4 h after 

CED, impact on the survival of rats irradiated at these time points was determined. Although 

MeST increased by 2 days when radiotherapy was administered 4 h after CED compared to 

24 h, this difference was not found to be significant (p > 0.05) (Fig. 3d, e). Interestingly, 

animals irradiated 4 h after CED presented more signs of toxicities than those irradiated 24 h 

after CED of oxaliplatin (Fig. 3e). Indeed, in the early irradiated group (4 h), rats lost an 

average 14.7 % of their weight. In this group of 8 animals, 3 rats showed hypersensitivity 

and 1 rat had an eye dirt due to reduced grooming. In the late radiotherapy group (24 h post 

CED), no signs of toxicities were observed, except for a 4 % reduction in body weight.

Discussion

Distribution of drugs delivered by CED depends on the nature of drugs and their interactions 

with the brain extracellular environment [28]. Addition of the polymer polyethylene glycol 

(PEG) on the surface of liposomes is expected to reduce the binding of liposomes to cells, 

thus allowing for a greater distribution volume, slow release of the loaded drugs, all the 

while further reducing acute toxicity [29–31]. The expected benefits of pegylated liposomes 

were confirmed in our study since, at the same 30 μg of dose, less toxicity related symptoms 

were observed in rats treated with Lipoxal™ than those treated with oxaliplatin. Our results 

also support that higher concentration of Lipoxal™ was distributed outside the tumor 

volume. Indeed, the concentration of Lipoxal™ in the upper left part of brain tissue was 

more than 11 times higher than the one of oxaliplatin, although the infusion dose of 

Lipoxal™ was only 3 times that of oxaliplatin. Although it is distributed in a larger volume, 

the MTD of Lipoxal™ was better than that of oxaliplatin. These results corroborate with 

those obtained in other studies, where these drugs were delivered by i.v. [7, 17]. In human, 

the MTD of oxaliplatin was estimated at 200 mg/m2 or less, while that of Lipoxal™ at 300 

mg/m2 [32, 33]. It was suggested that pegylated liposomes allow a stealthing from 

macrophages and immune cells in blood circulation increasing the circulation time, and 

reducing the systemic toxicity of the drug [32].

The MeST and tumor uptake of oxaliplatin and Lipoxal™ delivered by CED were compared 

with our previously published data on i.v. delivery of these platinium drugs using the same 

animal model in Table 1 [7]. CED of oxaliplatin significantly increased the MeST of F98 

glioma-bearing rats by 7.5 days, while i.v. administration of this same agent did not. This 

was explained by the drug delivery issue across the BBB, resulting to a 47 times higher 
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accumulation of oxaliplatin in the tumor area when injected by CED (Table 1). Similarly to 

oxaliplatin, Lipoxal™ delivered by i.v. did not improve the MeST, and tumoral uptake was 

low [7]; while Lipoxal™ CED allowed to increase by 200-fold its concentration in tumor 

and increased the MeST by 7 days.

Although encouraging, those results are not as good as those we reported with carboplatin or 

cisplatin CED, or those reported by the teams of Elleaume and Barth [10–15, 25]. However, 

due to the differential binding of DNA damage-recognition proteins on the DNA platinum 

adducts and differential replicative bypass [33], oxaliplatin do not express the cross-

resistance to cisplatin in cisplatin resistant L1210 sub-line in vitro and in vivo [34]. Thus, 

even though it appears less effective in this specific glioma model, it remains another viable 

option for patients with glioma. On the other hand, the liposomal formulation of oxaliplatin 

(Lipoxal™) seems more promising than the one of cisplatin (Lipoplatin™). While 

Lipoxal™ was less toxic and shown a similar to anti-tumor potential than oxaliplatin, the 

liposomal formulation Lipoplatin™ has hampered the therapeutic effect of cisplatin without 

reducing its toxicity to normal brain tissue [25].

Several in vitro and in vivo studies have been carried out regarding radiosensitization by 

platinum drugs [20–23, 35]. In particular, Tippayamontri et al. found that tumor growth 

retardation was more significant when drug and radiation were combined at the time of 

maximum amount of platinum-DNA adducts formation in the cancer cells [22, 35]. For 

example, tumoral platinum-DNA adducts in colorectal tumor bearing mice was highest 48 h 

after i.v. delivery of oxaliplatin. Tumor irradiation at this time point after chemotherapy have 

resulted in the best anti-tumor response [22]. Time necessary to reach five-times the initial 

tumor volume (5Td) was 39 days, while that at 24 h post-chemotherapy, when the amount of 

tumoral platinum-DNA adducts was the lowest, was only 23 days [22]. In the present study, 

tumoral platinum-DNA adducts significantly decreased from 4 to 24 h after CED delivery of 

oxaliplatin. Radiotherapy performed at 4 h after CED delivery of oxaliplatin slightly 

increased the MeST compared to radiation performed at 24 h after, a difference that did not 

reach significance. Moreover, the 4 h radiotherapy group sustained more toxicity than the 24 

h treatment group. This higher toxicity could be due to either the higher concomitant effect 

of CED chemotherapy and radiotherapy or simply because the combined radiation-CED 

induced edema was more prominent at 4 h after than 24 h after radiotherapy.

The tumor platinum-DNA adducts for Lipoxal™ decreased from 4 to 24 h after CED but 

interestingly bounced back at 48 h after CED. Lipoxal™ interacts with cells through two 

main pathways: fusion and endocytosis [36]. The liposome formulation of Lipoxal™ 

contains 1,2-dipalmitoyl-sn-glycero-3-phosphatidylglycerol (DPPG), a fusogenic lipid. It 

can fuse liposomes to the cell membrane, and directly release oxaliplatin to the cytoplasm. 

This can happen as early as 5 min after incubation, as shown in a fluorescent-labeled 

Lipoxal™ study in MCF-7 breast cancer cells [36]. This can explain why the 4 h Lipoxal™ 

group exhibited a high amount of platinum-DNA adducts. Subsequently, it is expected that 

the DNA repair system removes the platinum-DNA adducts reducing the level of oxaliplatin 

bound to DNA, as we observed in the 24 h group. On the other hand, Lipoxal™ can also 

enter the cell by endocytosis. The Lipoxal™ is engulfed by the cell membrane and 

processed to endosomes and lysosomes, then released oxalipaltin into the cytoplasm. This 
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process takes 4–24 h, thus possibly explaining this biphasic uptake pattern [36]. Indeed, after 

its release in the cytoplasm, oxalipaltin then presumably enters the nucleus and causes a 

second, delayed increase in the amount of platinum-DNA adducts at 48 h. The combination 

of these 2 mechanisms could thereby explain the bi-phasic increase in the amount of 

platinum-DNA adducts.

In a previous study, we have reported a similar biphasic accumulation of platinum-DNA 

adducts in the colorectal tumor HCT116 after injecting the liposomal formulation of 

cisplatin (Lipoplatin™) [35]. Irradiation at the second increase of platinum-DNA adducts at 

48 h post-injection has improved the control of tumor growth, compared to 24 h post-

injection where platinum-DNA adducts was lower. In a subsequent study, it should be 

determined whether a similar finding could be found with the present brain tumor model. It 

is expected that brain tumor irradiation at 48 h after CED of Lipoxal™ would significantly 

increase the MeST, while leading to less toxicity since the level of platinum-DNA adducts in 

normal brain tissue is lower than at 24 h post-CED.

In conclusions, CED of oxaliplatin or its liposomal formulation Lipoxal™ led to higher 

tumoral accumulation of these drugs than obtained after i.v. delivery, and resulted in an 

increase of the median survival time of F98 glioma-bearing Fisher rats. The liposomal 

encapsulation of oxaliplatin reduced its toxic, while maintaining its antitumor potential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Neuropathologic changes upon injection of oxaliplatin or Lipoxal™ by CED. Three days 

after CED of 30 μg oxaliplatin, necrosis, massive edema, and heamorrage were observed (a). 

Three days after CED of 10 μg oxaliplatin, only local edema and heamorrage were detected 

(b). Using a higher magnification (c), focal hemorrhage, necrosis can be observed in the 

tumor site, while loss of glial cells was found in normal tissue near the tumor (d). Three 

days after CED of 30 μg Lipoxal™, focal heamorrage, necrosis were detected in the tumor 

site (e), while in normal tissue near the tumor, loss of glial cells was observed (f)
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Fig. 2. 
Distribution of oxaliplatin or Lipoxal™ in the rat brain bearing F98 tumor at 30 min after 

injection. Ten μl of 1 μg/μl oxaliplatin (a) or of 3 μg/μl Lipoxal™ (b) were infused by CED. 

H&E staining of brain tumor at 10 days after implantation (c). (Reprint permission obtained 

for Fig. 2c)
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Fig. 3. 
Kaplan-Meier survival curve of F98 glioma bearing rats treated with oxaliplatin or 

Lipoxal™ with or without radiation and acute toxicity. Oxaliplatin and Lipoxal™ delivered 

by CED increased the MeST of F98 glioma bearing rats by 7.5 days (p = 0.0002) (a). After a 

radiation dose (15 Gy), the MeST was increased by 4 days with of oxaliplatin (b) and by 3 

days with Lipoxal™(c). MeST with radiotherapy performed at 4 or 24 h after oxaliplatin 

treatment (d). MeST and acute toxicity of F98 glioma bearing Fischer rats treated with 

radiotherapy at 4 or 24 h after CED of platinum-based drugs (e)
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Fig. 4. 
Quantification of oxaliplatin and Lipoxal™ in F98 tumor and normal tissue. Kinetics of 

oxaliplatin and Lipoxal™ accumulation in tumor (a) and normal tissue surrounding the 

tumor (b) after CED in F98 glioma bearing rats. Quantification of DNA-bound oxaliplatin 

(c) and Lipoxal™ (d) in F98 tumor and normal brain measured at different times after CED. 

All data points are the average of at least three measurements

Shi et al. Page 14

Invest New Drugs. Author manuscript; available in PMC 2017 June 01.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Shi et al. Page 15

Table 1

Tumor uptake and median survival time after drug administration by CED or i.v

Drugs Median survival time (days) Tumor uptake (μg Pt/g tissue)b

CED i.v.c CED i.v. c

5 % Dextrose 23.5 22.5

Oxaliplatin 31.0 (p = 0.0002a) 22.0 (p = 0.4813) 14.6 ± 0.8 0.31 ± 0.18

Lipoxal™ 31.0 (p = 0.0002) 24.0 (p = 0.1634) 27.2 ± 2.7 0.14 ± 0.04

a
p values were calculated by comparison to their own control. There is no significant difference in survival for the two dextrose delivery routes (p = 

0.7679)

b
Concentration of platinum drugs was determined 24 h after the injection

c
Reference #7, Charest et al. 2013
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