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Abstract: Objective: This study aimed to evaluate the early efficacy of liposomal doxorubicin in the therapy of C6 
glioma in rats by diffusion-weighted imaging. Methods: 24 male SD rats received implantation of C6 tumor cells. 
Tumor bearing rats were randomly assigned into therapy group and control group. Rats in therapy group received li-
posomal doxorubicin injection, while rats in control group received normal saline. Results: At 3 weeks, the tumor vol-
ume in control group and treatment group showed significant difference (P<0.01). At 2 weeks, the ADC at the tumor 
center was 0.74±0.08×10-3 and 1.08±0.07×10-3 mm2/s in control group and treatment group, respectively, and the 
ADC at the tumor periphery was 0.60±0.05×10-3 and 0.83±0.07×10-3 mm2/s, respectively, showing marked differ-
ences between groups (P<0.01). At 3 weeks, the ADC at the tumor center was 1.14±0.26×10-3 and 1.48±0.05×10-3 
mm2/s in control group and treatment group, respectively, and the ADC at the tumor periphery was 0.82±0.17×10-3 
and 1.11±0.06×10-3 mm2/s, respectively, showing significant differences between groups (P<0.01). In addition, the 
ADCs at tumor center and periphery at 2 and 3 weeks after cell implantation were significantly higher than those at 
2 weeks in both groups (P<0.01). Conclusion: The ADC may reflect the microscopic change in glioma cell density and 
has a better efficiency in the prediction of therapeutic efficacy as compared to tumor volume. Liposomal doxorubicin 
is effective to treat rat C6 glioma. HE staining shows the tumor necrosis is more obvious and the viable cells reduce 
significant after treatment as compared to control group. 
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Introduction

Glioma is the most common primary tumor in 
the central nervous system and accounts for 
about 40% of primary intracranial tumor. Grade 
I glioma is benign, is often found in young peo-
ple and has a low incidence. Grade II glioma is 
a common astrocytoma with diffuse invasion. 
Grade II glioma is an anaplastic astrocytoma. 
Grade IV glioma is glioblastoma and also known 
as malignant glioma which is highly malignant 
tumor in the brain with high invasiveness. 
Surgical resection of grade IV glioma is difficult 
and thus it has a high recurrence rate [1]. The 
prognosis of patients with grade IV glioma is 
very poor, even after chemotherapy and radio-
therapy, the median survival time is only 10 
months and the 2-year survival rate is lower 
than 10% [2, 3]. Currently, the efficacy of che-

motherapy is poor for malignant glioma, and 
chemotherapy may also kill some normal cells, 
which significantly limit the effective therapy of 
tumors. Thus, to develop new strategies is cru-
cial to increase the therapeutic efficacy and 
prolong the survival rate in glioma patients [4]. 

To understand the pathogenesis and develop-
ment of glioma and to develop new and effec-
tive therapies for gliom, it is necessary to extab-
lish reliable animal model of glioma. Currently, 
9L, F98, T9 and C6 cell lines are often used for 
the establishment of glioma animal model. Of 
these cell lines, C6 glioma animal model is con-
venient to be established, has a low cost and is 
easy to be popularized in experiments. Thus, it 
has been widely used in studies on glioma. C6 
glioma cells with active cell proliferation were 
initially found in Wistar-Furth rats exposed to 
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N-nitroso-methylurea (MNU). To date, C6 cells 
have been successfully used to establish glio-
ma animal model in Wistar rats, Sprague-
Dawley rats and Long-Evans rats. In Wistar rats 
and Long-Evans rats, the glioma has clear bor-
derline and complete capsule and is similar to 
brain metastatic tumor. However, in Wistar rats, 
glioma has some characteristics of malignant 
glioma, including nuclear pleomorphism, incre- 
ased mitotic index, necrosis at tumor center, 
intra-tumor hemorrhage and invasion into brain 
parenchyma. On the basis of above finding, C6 
glioma in Wistar rats is more similar to the natu-
ral malignant glioma [5].

Adriamycin is a broad spectrum antibiotic with 
anti-tumor activity and has been used in the 
treatment of some tumors. It has wide bio-
chemical activities and potent cytotoxic activi-
ty. However, adriamycin has a lot of adverse 
effects such as cardiac toxicity, bone marrow 
suppression, gastrointestinal reaction and hair 
loss, which significantly limit its wide and long 
term use in clinical practice. In recent years, 
liposomes have been used as carriers of anti-
tumor drugs, achieving favorable efficacy and 
currently, liposomal adriamycin is commercially 
available. Liposomes are bilayer vesicle struc-
ture composed of lipids such as phospholipids 
and cholesterol. They can bind to some recep-
tors such as lipoproteins and glycoproteins. 
The preparation of liposomes is relatively easy 
and materials used in the preparation of lipo-
somes have low toxicitiy and good biocompati-
bility. Liposome microbubbles refer to the mic- 
robubbles capsuled by monlayer phospholipids 
membrane and belong to lipid vesicles. They 
are not only used in the enhanced ultrasound, 
but may serve as targeted carriers of drugs. 
Capsulation of adriamycin with liposomes may 
increase its stability, delay its release, reduce 
its effective dose and free adriamycin concen-
tration, increase the adriamycin concentration 
at the lesion site, decrease the accumulation of 
adriamycin at the sensitive site, increase the 
therapeutic efficacy and reduce its side effects. 
Thus, liposomal adriamycin has favorable in the 
therapy of glioma. 

DQI is the unique non-invasive method used for 
the detection of water molecular movement in 
vivo. In clinical practice, DWI is widely used in 
the early diagnosis of brain infarction, especial 
for brain infarction in ultra early phase, which 

has been found to improve the prognosis of 
patients. DWI is also used in the differential 
diagnosis of diseases, staging of tumors [6], 
evaluation of therapeutic efficacy [7] and in ani-
mal studies [8]. In the present study, the tech-
nique developed by our group was used to pre-
pare the liposomal adriamycin which was 
employed for the treatment of C6 glioma in rats 
and DWI was used to evaluate the therapeutic 
efficacy. 

Materials and methods 

Animals and grouping

24 male SD rats weighing 180-200 g were pur-
chased from Experimental Animal Center of 
Wenzhou Medical University. Animals were 
housed for 1 week (body weight: 200-230 g) 
and the received intracranial implantation of 
C6 glioma. One week later, all the animals were 
confirmed to have tumor in the brain. Then, 
these rats were randomly assigned into therapy 
group (n=15) and control group (n=9). In brief, 
rats were intraperitoneally anethestized with 
10% pentobarbital sodium at 0.5 ml/100 g. In 
therapy group, rats received injection of 10 μl/g 
liposomal adriamycin (prepared by the Prof 
Zhao in the College of Pharmacy of Wenzhou 
Medical College) via the tail vein once every 
other day. In control group, rats received injec-
tion of 10 μl/g normal saline once every other 
day. All the procedures were performed accord-
ing to the Animal Care and Welfare Guideline. 

MRI and related analysis

Routine and enhanced MRI: after intraperito-
neal anesthesia with 10% pentobarbital sodi-
um at 0.5 ml/100 g, rats were placed in a 
supine position. Signa 3.0T MR instrument (GE, 
USA) was used for MRI with a coil for rats 
(Shanghai Chenguang Company), and the tail 
was first imaged. Cross-sectional T1WI, coronal 
T1WI and enhanced T1WI were performed. The 
enhanced MRI was performed at 10 min after 
injection of 0.4 mmol/kg Gd-DTPA via the tail 
vein. Conditions for MRI: T1WI TR, 560 ms; TE, 
27 ms, NEX, 2; matrix, 256×256; T2WI TR, 
2300 ms; TE, 110 ms; NEX, 2; matrix, 256×256; 
slice thickness, 2.4 mm; slice interval, 2.9 mm, 
FOV, 56 mm×70 mm. MR DWI: DWI was done 
before enhanced MRI. Echo planar imaging 
(EPI) was employed with diffusion-sensitive fac-
tor (b) of 1000 s/mm2, TR of 2300 ms and TE of 
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76 ms. The scanning site was determined 
according to the images of plan scanning. The 
slice thickness was 2.4 mm, slice interval was 
2.9 mm, NEX was 2, matrix was 96×96 and FOV 
was 78 mm×130 mm. Parameters of MRI and 
analysis: (1) analysis of tumor volume (V) in 
enhanced MRI: The maximal length (L), width 
(W) and height (H) were measured at the maxi-
mum coronal and cross sections, and V was 
calculated as follow: V =(4/3×π×L×W×H)×1/8 
(unit: mm3); (2) DWI analysis: the raw images 
were input into GE ADW4.3 station for analysis, 
recombination was done with b value, and color 
pseudo images of ADC were generated. At 2 
and 3 weeks after implantation, 3 areas of 
interest (AOI) (2-3 mm2) were independently 
selected at the center (the intersection between 
maximum length and its vertical line after 
enhanced scanning served as the inner border-
line of AOI) and periphery (the periphery of 
enhanced tumor served as the outer borderline 
of AOI), and the average was obtained for the 
calculation of ADC. 

Statistical analysis

IBM statistical product and service solutions 
(SPSS) 19.0 was employed for statistical analy-
sis. Quantitative data with normal distribution 
are expressed as means ± standard deviation  
(
_
x±s) and those with abnormal distribution as 

medians. Normal distribution was tested with 
Kolmogorov-Smirnov test. The ADC before and 
after therapy and that between two sites in a 
specific group were compared with indepen-
dent sample t test. The homogeneity of vari-
ance was tested with Levene test. Data with 
homogeneity of variance were compared with 
two sample t test; data with heterogeneity were 
compared with approximate t test. V before and 
after therapy were compared with independent 
sample rank sum test between two groups, and 
V before and after therapy in a specific group 
was compared with paired rank sum test. A 
value of P<0.05 was considered statistically 
significant.

Figure 1. (A-C) T2WI cross section in control group at 1 (A), 2 (B) and 3 (C) weeks after implantation of C6 cells: oval 
hyperintense signals were observed at the right caudate nucleus and the tumor volume increased progressively. 
(D-F) T2WI cross section in therapy group at 1 (A), 2 (B) and 3 (C) weeks after implantation of C6 cells: oval hyperin-
tense signals were observed at the right caudate nucleus and the tumor volume at 2 weeks (E) was larger than that 
at 1 week (D), but smaller than that at 3 weeks (F).
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Results 

MR findings

At 1 week after implantation, tumor was 
obtained in the brain of all 24 rats. Cord-like 
tumor was observed in the right caudate nucle-
us, and showed hypointese or equal intense 
signals in T1WI and hyperintese signals in T2WI. 
The tumor had a clear borderline with surround-
ing tissues, and the edema of surround tissues 
was not obvious (Figures 1A and 2A). Even 
enhancement was observed in enhanced scan-
ning, and liquefactive necrosis was not found 
(Figure 3A). In control group, the tumor volume 
increased progressive within 3 weeks after 
implantation, the ipsilateral ventricle was op- 
pressed, the midline was pushed to right, mild 
liquefactive necrosis was found at 2 weeks 
(Figure 3B), the tumor had clear borderline with 
surrounding tissues and the edema of sur-
rounding tissues was not obvious (Figures 1B 
and 2B). At 3 weeks, mild liquefactive necrosis 
was noted in the tumor, mild edema of sur-

rounding tissues was found, and the borderline 
between tumor and surrounding tissues was 
unclear (Figure 1C). In therapy group, the tumor 
volume at 2 weeks was larger than that at 1 
week, mild edema of surrounding tissues was 
observed, and the borderline between tumor 
and surround tissues was unclear (Figures 1E 
and 2E), significant enhancement was observ- 
ed after enhanced scanning, and liquefactive 
necrosis was found in the tumor (Figure 3E). At 
3 weeks, the tumor volume was significantly 
reduced as compared to that at 2 weeks, mild 
edema was also observed in the surrounding 
tissues, there was unclear borderline between 
tumor and surrounding tissues (Figures 1F and 
2F), and partial liquefactive necrosis was ob- 
served at the center of the tumor (Figure 3F). 
The tumor volume at different time points in 
both groups is shown Table 1. In therapy group, 
reduction in tumor volume was found in 14 rats 
and unchanged tumor volume was noted in 1 
rat at 3 weeks as compared to the tumor vol-
ume at 2 weeks.

Figure 2. (A-C) T2WI coronal section in control group at 1 (A), 2 (B) and 3 (C) weeks after implantation of C6 cells: 
oval hyperintense signals were observed at the right caudate nucleus and the tumor volume increased progres-
sively. (D-F) T2WI coronal section in therapy group at 1 (A), 2 (B) and 3 (C) weeks after implantation of C6 cells: oval 
hyperintense signals were observed at the right caudate nucleus and the tumor volume at 2 weeks (E) was larger 
than that at 1 week (D), but smaller than that at 3 weeks (F).
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Findings in DWI

In control group, after implantation, the tumor 
was unclear in DWI at 1 week, but showed even 
hyperintese signals higher (mainly blue in ADC 
image) than those in normal white matter in 
DWI at 2 weeks (Figure 4A). At 3 week, the 
tumor showed uneven hyperintese signals, 
patchy hypointense signals were observed at 
the tumor center (mainly green in ADC images) 
(Figure 4B). In therapy group, the tumor was 
unclear in DWI at 1 week, but showed hyperin-
tese signals at the periphery and hypointese 
signals at the center (mainly blue-green in ADC 

images) (Figure 4C). At 3 weeks, patchy hypoin-
tense signals were observed in DWI, and tumor 
periphery showed circular hyperintese signals 
(mainly green-yellow in ADC images) (Figure 
4D), but the tumor area reduced as compared 
to that at 2 weeks. The ADC at different areas 
and at different time points is shown in Tables 
2-5. 

Histological examination

HE staining was performed for histological 
examination. In control group, the tumor cells 
was dense and showed atypia, cell arrange-
ment was disordered, small vessels were dilat-
ed in the surrounding tissues, tumor cells dis-
played invasive growth along the small vessels, 
tumor nest was also occasionally observed, cell 
nuclei were dark-stained, and patchy hemor-
rhage and necrosis were also occasionally 
observed between tumor cells (Figure 5A, 5B). 
In therapy group, the tumor volume reduced, a 
large amount of patchy necrosis was observed 

Figure 3. (A-C) T1WI cross section in control group at 1 (A), 2 (B) and 3 (C) weeks after implantation of C6 cells: cord 
like lesions with obvious enhancement were observed at the right caudate nucleus, evident liquefactive necrosis 
was not observed and the tumor volume increased progressively. (D-F) T1WI coronal section in therapy group at 
1 (A), 2 (B) and 3 (C) weeks after implantation of C6 cells: oval hyperintense signals were observed at the right 
caudate nucleus and the tumor volume at 2 weeks (E) was larger than that at 1 week (D), but smaller than that at 
3 weeks (F).

Table 1. Tumor volume in therapy group and 
control group at different time points (mm3)
Group 2 weeks 3 weeks Z P
Control (n=9) 87.92 164.85 -2.67 <0.01
Therapy (n=15) 109.90 33.49 -3.41 <0.01
Z -0.51 -3.46
P >0.05 <0.01
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at the tumor center, tumor cells became dis-
rupted, and cell count reduced as compared to 
control group (Figure 6A, 6B). 

Discussion 

Therapy of glioma with liposomal adriamycin

Adriamycin is a broad spectrum antibiotic with 
anti-tumor activity and has been used in the 
treatment of some tumors. It has wide bio-
chemical activities and potent cytotoxic activi-

ty. However, adriamycin has cardiac toxicity and 
may cause progressive heart failure, or even 
death, which is often found in 2% of patients 
when the dose of adriamycin is as high as 
450~500 mg/m2. This significantly limits its 
wide application in clinical practice. The drug 
carrier may change the distribution of a specific 
drug and reduces its concentration in the heart, 
which also reduces its cardiac toxicity. In addi-
tion, adriamycin has other adverse effects such 
as bone marrow suppression, gastrointestinal 

Figure 4. (A, B) ADC images at 2 and 3 weeks after implantation of C6 cells in control group. The lesions at the right 
caudate nucleus were mainly blue (A) at 2 weeks and mainly green (B) at 3 weeks. (C, D) ADC images at 2 and 3 
weeks after implantation of C6 cells in therapy group. The lesions at the right caudate nucleus were mainly blue-
green (C) at 2 weeks and mainly green-yellow (D) at 3 weeks. 
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reactions and hair loss, which significantly limit 
its wide and long term use in clinical practice. 
Liposomes are bilayer vesicle structure com-
posed of lipids such as phospholipids and cho-
lesterol. They can bind to some receptors such 
as lipoproteins and glycoproteins. Liposomes 
are good carriers of drugs and may change the 
biological distribution of adriamycin in vivo. Pre-
clinical experiments and clinical trials have 

shown that liposomes may accumulate in tu- 
mors. The normal capillaries have complete 
vessel wall, and thus are impermeable to most 
liposomes. However, the capillaries in tumors 
usually show elevated permeability and are dis-
continuous with the intercellular space of about 
100-780 nm. Thus, liposomes in the blood may 
enter the tumor via these spaces, which incre- 
ases the adriamycin concentration in the tumor 
and leads to a slow release of adriamycin, lead-
ing to the elevated therapeutic efficacy [9]. 
Liposomal adriamycin prepared with different 
carriers not only reduces the cardiac toxicity of 
adriamycin, but increases the transportation of 
adriamycin in cells, which elevates the dose of 
adriamycin entering the intracranial tumor via 
the blood brain barrier. In addition, this also 
reduces the accumulation of liposomal adria-
mycin in the sensitive organs. These indicate 
that liposomal adriamycin has the potential in 
the therapy of glioma [10-12]. To date, liposo-
mal adriamycin has been widely used in the 
combined therapy of tumors achieving favor-
able efficacy [13, 14]. 

MRI findings and pathological manifestations

In therapy group, rats received liposomal adria-
mycin treatment at 2 weeks after implantation 
of C6 glioma cells. In control group and therapy 
group, the tumor volume was 87.92 mm3 and 
109.90 mm3 at 2 weeks and no significant dif-
ference was observed although the tumor vol-
ume in therapy group was larger than in control 
group. This may be explained as that the tumor 
volume in therapy group is larger than in control 
group at week 1, the effectiveness of liposomal 
adriamycin is not obvious within 1 week after 
therapy and thus it continues to grow within 1 
week after therapy. When the anti-tumor effect 
was present, tumor cells became swelling, 
which may not immediately cause reduction in 
tumor volume. Different from tumor volume, 
the ADC was significantly different between two 
groups at 2 weeks. The ADC at different areas 
in therapy group was significantly higher than in 
control group. This may be explained as that 
liposomal adriamycin has cytotoxicity to tumor 
cells and thus cause cell apoptosis and necro-
sis, which reduce cell density, increase intercel-
lular space and lead to the increase diffuse of 
water molecules, resulting in elevation of ADC. 
At 3 weeks, the tumor volume reduced as com-
pared to that at 2 weeks in therapy group, but 

Table 2. ADC at different sites in both groups at 
2 weeks after implantation (×10-3 mm2/s, 

_
x±s)

Group
2 weeks

Center Periphery t P
Control (n=9) 0.74±0.08 0.60±0.05 4.05 <0.01
Therapy (n=15) 1.08±0.07 0.83±0.07 9.82 <0.01
t 10.42 8.61
P <0.01 <0.01

Table 3. ADC at different sites in both groups at 
3 weeks after implantation (×10-3 mm2/s, 

_
x±s)

Group
3 weeks

Center Periphery t P
Control (n=9) 1.14±0.26 0.82±0.17 3.06 <0.01
Therapy (n=15) 1.48±0.05 1.11±0.06 17.94 <0.01
t 3.86 4.89
P <0.01* <0.01*
Note: *approximate t test.

Table 4. ADC at different sites and at dif-
ferent time points in control group (×10-3 
mm2/s, 

_
x±s)

Group
Control group

Center Periphery t P
2 weeks 0.74±0.08 0.60±0.05 4.05 <0.01
3 weeks 1.14±0.26 0.82±0.17 3.06 <0.01
t -6.26 -5.17
P <0.01 <0.01

Table 5. ADC at different sites and at dif-
ferent time points in therapy group (×10-3 
mm2/s, 

_
x±s)

Group
Therapy group

Center Periphery t P
2 weeks 1.08±0.07 0.83±0.07 9.82 <0.01
3 weeks 1.48±0.05 1.11±0.06 17.94 <0.01
t -15.93 -18.85
P <0.01 <0.01
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the tumor volume in control group increased at 
3 weeks as compared to that at 2 weeks. In 
addition, ADC at different areas in therapy 
group was significantly higher than in control 
group. This may be explained as that a large 
amount of tumor cells become disrupted, cell 
count reduces and the intercellular space 
increases, leading to the elevation of water 
molecule diffusion and the increase in ADC. 
These were confirmed in pathological examina-
tion. Thus, we speculate that the change in ADC 
occurs earlier than the tumor volume dose and 
thus ADC is better to predict the therapeutic 
efficacy, which is consistent with previously 
reported in animal studies [15, 16]. In both 
groups, the ADC increased at 3 weeks as com-
pared to that at 2 weeks. Generally, the tumor 

growth becomes more active over time, the 
tumor cell density also increases, and ADC at 
different areas reduces over time, which are 
inconsistent with our findings. In previous stud-
ies, Wistar rats were used, but SD rats were 
employed in the present study. C6 glioma cells 
were initially identified and separated from 
Wistar rats exposed to MNU. Thus, we specu-
late that SD rats initiate immunological rejec-
tion to C6 glioma cells. With the tumor growth, 
the tumor cells become apoptotic and necrotic, 
cell count reduces, intercellular space increas-
es, water molecule diffusion increases, and 
thus ADC increases. In therapy group, the ADC 
at 3 weeks increased as compared to that at 2 
weeks. This may be explained as that liposomal 
adriamycin has potent cytotoxicity to tumor 

Figure 5. A, B: At 3 weeks, cell density in the tumor was high, cells showed atypia, cell arrangement was disordered, 
small vessels in surrounding tissues were dilated, tumor cells displaced invasive growth along the vessels, tumor 
nest was occasionally observed, cell nucleus was dark-stained, and hemorrhagic necrosis was also occasionally 
observed in the tumor. 

Figure 6. A, B: At 3 weeks, tumor volume reduced, massive patchy necrosis was observed at the tumor center, tumor 
cells became disrupted, and cell count reduced significantly in therapy group as compared to control group.
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cells, which may cause cell apoptosis and 
necrosis at 3 weeks as compared to those at 2 
weeks. Thus, cell density reduces, intercellular 
space increases, water molecule diffusion ele-
vates and the tumor volume at 3 weeks reduc-
es as compared to that at 2 weeks, suggesting 
the therapeutic effectiveness. 

Glioma is the most common primary tumor of 
the central nervous system and has the charac-
teristic of active growth at periphery. Thus, in 
this study, ADC was measured at the center 
and periphery of the tumor. Results showed the 
ADC at the center was significantly higher than 
that at the periphery in both group. As shown in 
histological examination, the cell density at the 
tumor periphery was higher than that at the 
center. Thus, the signal difference in ADC imag-
es may indirectly reflect the microscopic cell 
density of glioma. 

Conclusion

The signal difference in ADC images may indi-
rectly reflect the microscopic cell density of gli-
oma. The change in ADC of glioma after therapy 
occurs earlier as compared to tumor volume. 
Liposomal adriamycin is effective for the thera-
py of C6 glioma in rats, and it may cause more 
obvious necrosis and reduce cell count at the 
tumor center as compared to control group.
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