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ABSTRACT
This study aims to assess serial and transverse quantitative Magnetic Resonance Imaging (MRI) in four rat
groups using different doses of a formulation based on the combinations of IFN alpha 2b and gamma. Axial and
coronal T1, T2 and Diffusion MRI images have been performed in order to follow up morphological and tissue
texture changes in the rat brain, cerebellum, spinal cord and kidney. As a result, no morphological changes
have been observed during 28 days in any of the four groups including the placebo. Yet, doses until 15 times
were bigger than the therapeutic dose. This MRI studies is robust and complementary evidence that the
pharmaceutical formulation mixing in the same vial IFNs alpha2b and gamma is safe. For the first time, results
of a longitudinal MRI study in rats based on the effects of this pharmacological combination are reported.
Interferon: toxicology, Magnetic Resonance Imaging, rats, doses
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. Introduction

The combination of IFNs for the treatment of cancer has been experimented since the first years of the discovery
of IFNs [1]. However, nor rationally design of combinations aborted many efforts to exploit the truly biological
potency of these cytokines. A rationale design of the combination of both molecules based on their anti-
proliferative synergism on several tumor cell lines, identified which proportion are more adequate to be
combined to obtain the best clinical results [1]. To achieve this, first in class, a pharmaceutical formulation of
mixed in the same vial IFNs alpha2b and gamma in anti-proliferative synergistic proportion was developed.

The synergy of this compound, preclude a more potent biological activity and as a consequence could be
expected to be more toxic in some issues. A major factor contributing to the attrition during the development of
new biotechnology products is a result of positive toxicology findings that cannot be managed with current
assays.

Magnetic Resonance Imaging (MRI) methods are playing a rising significant role in toxicological studies by
complementing and accelerating these assays, increasing the speed and reliability of the results. The shortened
experimental times and reduced labor for histological studies, smaller requirements concerning the number of
experimental animals and decreased costs together with higher accuracy and precision for the structural and
functional information are afforded by MR require a special attention focused on these emergent

methods. [2-9]. Occurrence of potentially harmful structural and functional tissue alterations can be monitored
longitudinal. Such studies should be of great value to pharmacological research and will ultimately show
whether imaging techniques might be used, as complement, in a broader sense for evaluation of drug safety.
Otherwise it is well established that clinical machine can be successfully used to the rodent’s studies [10-15].
The current work presents the MRI results in a serial and transverse quantitative study of four rat groups with
different doses of this new formulation (based on the combinations of IFN alpha 2b and gamma) in order to
follow up any morphological and tissue texture change in the rat brain, the cerebellum, spinal cord and kidney.
For the first time, results of a longitudinal MRI study in rats based on the effects of IFN alpha and gamma 2b
combinations are presented.

1. Materials and methods
The study was carried out following the ethical norms described for the use of the laboratory animals [16]; the
Guides of Laboratory Good Practices [17, 18] and the Standard Operation Procedures [19].
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Test system

Adult albino rats, strain Cenp: Sprague Dawley, of both sexes, 6-8 weeks old, were purchased from The
National Center for Production of Laboratory Animals, CENPALAB [18,20,21]. Rats were maintained under
standard laboratory conditions. They were clinically examined, registered by body weight and allocated in
Makrolon boxes with wood sterile bed. They stayed in observation during 7 days, complying with the
acclimation period and then separated for dosing and food consumption measurement using a random

list generated by the software Randomization Program Animals Over Cages, R.F. Marsman Bilthoven, RIVM,
The Netherlands (version 94-1). They were fed with EMO-1002 diet (ALYco, CENPALAB) 25 grams per
animal daily, and water ad libitum.

The study was carried out with 10 rats of both sexes (5 females and 5 males), 6-8 weeks old with an average
body weight between 216.2 gr (females) and 263.8 gr (males). The variation of weight didn’t exceed + 20% for
both sexes.

Before providing the product, all animals were studied by MRI in order to have a TO reference and for quality
control.

Experimental design
Table 1. Doses and treatment per groups.

Group|Number/Sex Treatment CI(?F;_‘I 28-A (I.YIUI)
| 12,1 7 Placebo 0 (]
1 1 <,1 7 CIGB-128-A (3 times up Therapeutic dose) 0.09 0.13
11 12,17 CIGB-128-A (7 times up Therapeutic dose) .12 0.29
v 2 9,24 CIGB-128-A (15 times up Therapeutic dose) 0.28 0.58

The animals were treated once daily on alternate days to complete 9 injections by intravenous route. These four
groups have been examined by MRI before the first administration after each inoculation during 28 days. The
used anesthetic was a mixture of 100 mg of ketamine, 2.5 mg of midazolam and 0.1 mg of atropine injected by
intraperitoneal route.

Positioning and fixing the rats.

Immediately after the anesthesia, two rats were placed and immobilized in a designed device, a prone position,
enclosed in the Flex-S RF coil in order to guarantee the reproducibility of the rats positioning during each test
and between different exams (Figure 1). Finally, the rats were placed to the center of the MRI magnetic system.

Magnetic resonance sequences

MRI examination was performed with a 1,5 T Symphony Master Class system (Siemens, Germany). The
sequences used were T1 Spin Echo (coronal, axial and sagittal) with Echo Time (TE) and Repetition Time (TR)
12 ms and 478 ms, respectively. The axial and coronal T2 Turbo Spin Echo images (TSE) were performed with
TR = 4000 ms, TE = 96 ms. In all cases, the slice thickness was 2 mm and the inter slices gap was cero mm. A
specially designed device as used to ensure reproducibility of fixation and position of rats [22] (Figure 1). The
pulse sequences were calibrated to use a clinical MRI machine to obtain image of small animal model with
diagnostic value and spatial resolution of 150um [22].

The Diffusion Weighted Images (DWI) were registered by Single Shot Echo Planar Imaging (SSEPI) sequence
for three b values (0, 500, and 1000 s/fmm2) in X, y and z directions , TE= 80 ms; TR= 3000 ms, slice thickness
2,2 mm and, inter slice gap 0 mm. The ADC values were calculated from images obtained by DWI and using
Matlab. 7. x software.

Figure1. A) Device (bed) to fix the rats. B) FlexS RF reception coil used in the
experiments. C) View of locating the RF coil and rat’'s bed and the device in the MRI
machine.
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Image storage and processing

MRI data were stored and processed in DICOM format in a database using eFilm 2.x. The areas and volumes
calculations were performed manually using Amira 5.1.0 and Matlab. 7.x. The existence of statistically
significant differences between the values obtained for each volunteer and patient was examined with an
ANOV A-test for normally distributed data of homogeneous variance. Statistical significance was set at p< 0.05.
The statistical analysis was also implemented using

The Development criteria for measuring the geometrical dimensions of the brain, cerebellum (Fig 2) are
described below.

A) For brain measurement, a coronal section was selected in which the olfactory bulb, the brain and the fourth
ventricles were observed. In this section, the major axis of the brain (MaB) was measured as the distance from
the end of the olfactory bulb through midline to the 4th ventricle (Figure 2A). The minor axis of the brain (MiB)
was assessed as the distance perpendicular to the first slice was taken passing through the ventricles.

B) For Cerebellar measurement, the axial slices were chosen where the cerebellum and the 4th ventricle are
observed. The major axis of the cerebellum (MaC) was selected as a greater length (Figure 2B). The minor axis
of the cerebellum (MiC) was carefully chosen as a lower length. It ranges from the 4th ventricle to the outer
edge of the cerebellum (Figure 2B).

MiCp

MaCp
MaK

9)) D)

MiK

Figure 2. (A) Coronal slice of the brain of a rat where its major axis (MaB) and lower (MiB) are indicated. (B)
Axial section of a rat cerebellum in which its major axis (MaC) and lower (MiC) are marked (C and D). Coronal
(C) right and (D) left slice kidney of a rat. It shows how the measure lengths of outer capsule and renal pelvis is
selected.

In both cases, five measurements were made and the mean and standard deviation were calculated.
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Development criteria for measuring the Kidney’s geometrical dimensions.

The possible effect of dose in the kidney morphology was also studied. Therefore, measurements were
performed to characterize the kidney dimension. It was carried out in both kidneys (left and right) the larger
length (MaK) and the lower (MiK) of the renal pelvis. The largest dimensions (MaCP) and the lower (MiCp) of
the outer capsule were also obtained (figures 2C and 2D).

The Statistical analysis.

The statistical analysis was conducted at two time points, the initial (TO0) and final (T9) time depending on the
evaluated groups (I, Il, Il and V). They were estimated as descriptive characteristics of the variables to
measure central tendency and dispersion (mean, standard deviation and maximum and minimum values).
Whether they do not fulfil the normal distribution, the median and interquartile ranges were also estimated. The
assumptions of normality (Kolmogorov-Smirnov and Shapiro-Wilk) and homogeneity of variances (Levene test)
were verified. Depending on their compliance or not, a Kruskal Wallis test was performed to compare variables.
Paired comparisons in time intervals (T1 and T9) were also performed using the Wilcoxon test.

The statistical analysis was also implemented using SPSS 8.0 software for Windows, version 15.

1. Results
In figure 3, MRI T2 coronal slices of the skull from some animals at TO are shown with a voxel resolution of
0.15 x 0.15 x 1.5 mm where the brain, the cerebellum and the ventricular system are clearly observed.

A) B)
Figure 3. MRI T2 coronal slices of the skull from the animals 1104 (A) and 1114
(B), (voxel 0.15 x 0.15 x 1.5 mm) at TO are shown. The cerebellum, brain and
ventricular system healthy is clearly observed.

Pretreatment evaluation of the images showed that rat V1102 finding presented a ventricular dilation (Figure
4A). The monitoring of this injury during the study did not change location, extent or appreciable intensity.
Also, in the VII12, hyper intense areas were observed in the right kidney showing the impression as kidney
cysts. Its dimensions and locations also underwent changes during the study market by two rounded in the right
kidney in the Figure 4B.

Figure 4. Findings in pre-treatment studies. A) Axial slice of the animal VII 02
wherein the ventricular asymmetry, indicated by the arrow, was obhserved. B) A
coronal slice of the animal V1112, hyper intense images in the left kidney,
indicated by circles, was observed.
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Figure 5, as an example, shows brain|images of the different groups at three
dissimilar moments.

Group,
(animal)

Il (04)

Il (02)

IV (05)

Vii (04)

Figure 5. The MR Images of the rats brain at dissimilar groups under study at three moments. TO was scanned
previously the first administration. T4 and T9 correspond to 4 and 9 weeks of the systematic inoculation
respectively. No qualitative differences in the morphology are observed.

The data were not normally distributed. Tables 2.1-2.3 show the results of the Kruskal Wallis for TO and T9
times evidencing no statistically significant variations between treatments (groups) from the start to the end
times.

The comparison between TO and T9 also showed no significant changes (p > 0.05) (table 2.1 and 2.3).
Therefore, we can support that the new drug in the doses studied has no toxic effects on the organs studied (p >
0.05) (Table 2.1 -2.2).
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Zone

Anatomical

T4

T9

Cerebellum

Kidney

Figure 6. The MR Images of the cerebellum (axial slice) and Kidney (coronal

slice) of animal VIl (04) at three different times. TO was previously scanned the
first administration. T4 and T9 correspond to 4 and 9 weeks of the systematic

inoculation respectively. No qualitative or quantitative differences in the
morphology are observed.

Additionally, figure 6 shows MRI of the cerebellum and right kidney of rat # VII (04) for different times. With
the techniques T2, T1 (in axial and coronal slices) and DWI no alterations in morphology, size and relative
position of structures and appearance of lesions in the brain, cerebellum, spinal cord and kidneys were observed
with an accuracy of + 150 microns in any of the five groups studied for 28 days.

Table 2.1 Kruskall Wallis Test for TO and T9 time. No differences between groups were observed (p< 0.05)*"<,

Time MIB | MaB | MiC | MaC | MIKD | MaK D |MICpD | MaCp D |MiCp | | MaCp | | MIKI | MaK |
¥2 241/283|814|218| 1.13 | 528 .60 2.68 3.59 7.23 | 577 | 7.00

TO df 3 3 3 3 3 3 3 3 3 3 3 3
Asymp Sig | 049 | 0.42|0.05| 054 | 077 | 0.15 0.90 0.44 0.31 0.07 | 0.12 | 0.07
¥2 3.36 | 476 |591|462| 3.00 | 0.75 7.18 5.46 7.70 7.32 | 652 | 6.74

T9 df 3 3 3 3 3 3 3 3 3 3 3 3
Asymp Sig | 0.34 | 019|012/ 0.20 | 0.39 | 0.86 0.07 0.14 0.05 0.06 | 0.09 | 0.08

a. Kruskal Wallis Test b. Grouping Variable: grupo c. degree freedom (df)

Table 2.2. Kruskall Wallis Test and Wilcoxon Signed Ranks Test. No differences between groups were observed. By comparing the
behavior of each variable in time, no statistically significant differences were found *°.

Time MiB | MaB | MiC | MaC [MiK D [MaK D [ MiCp D [MaCp D [MiCp I [ MaCp | | MiK | [ MaK |
12 3.00 | 3.00 [ 3.00 | 3.00 [ 3.00 | 3.00 | 3.00 | 300 | 3.00 | 3.00 | 3.00 | 3.00
c| TO df 3 3 3 3 3 3 3 3 3 3 3 3
7 2 Asymp Sig | 0.38 | 0.39 | 0.39 | 0.39 | 039 | 0.39 | 039 | 039 | 0.39 | 0.39 | 0.38 | 0.39
S 22 3.00 | 3.00 [ 3.00 [ 3.00 [ 3.00 | 3.000 | 300 | 300 | 3.00 | 3.00 | 3.00 | 3.00
S| 719 df 3 3 3 3 3 3 3 3 3 3 3 3
Asymp Sig | 0.33 | 0.39 | 0.39 [ 039 | 039 [ 0392 | 039 | 039 | 039 | 039 |038 | 039
2. z 0.00% | -1.46" | .0007 | -1.82° | -1.47° | -921° | -1.28° | -1.10° | -1.46° | -1.46° | -73" | -1.10°
52 | 910 agymp. s
© (23’_“;;'9‘1)9 1.00 | 144 | 1.00 | 0.068 | 0.141 | 0.357 | 0.197 | 0.273 | 0.144 | 0.144 |0.465 | 0.273

a. The sum of negative ranks eguals the sum of positive ranks. b. Based on negative ranks, c. Based on positive ranks. d.
Wilcoxon Signed Ranks Test
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Table 2.3. Mean values ADC map obtained in the right and left hemispheres of
the brain of rats in times TO and T9. There were no statistically significant
differences (ns) between the hemispheres, or in time.

ADC mean (*10°) mm?/s

Time i
Left hemisphere nght
hemisphere

TO 76.4+4.6 72.1+4.3 n.s
T9 75.0+£3.5 73.4+£3.8 n.s
n.s n.s

Similarly, the DWW do no present any variation in all of the four groups, placebo
and three different dose levels during the 9 weeks of administration (Table 2.3).

V. Discussion
The good reproducibility of the rat position along the 8 weeks study allowed measuring the possible dimensions
changes of the brain, cerebellum, and kidney with a better precision than 150 microns. No morphological
changes have been observed during 28 days in none of the four groups studied, while doses until 15 times were
bigger than the therapeutic dose. Along this time, no visible lesion in the T1, T2 and DWI images appeared.
Imaging findings in animals before treatment demonstrate the importance of the characterization of the
population or at least a sample of them before you start using them. Perhaps this increases costs, but it is a way
of ensuring that they do not have silent injuries attributable at the end to the new drugs effects.
As it is well known, DWI is a powerful method where the images somehow reflect the intensity and direction of
the water molecules movement in each micro zone of the object under examination. The H2O diffusion at each
voxel depends on bio-structural factors; e.g. cell membranes and density and organization such as organelles,
macromolecules and tissue micro-architecture. Indeed, ADC values calculated from images provide some
evidence related to the tissue texture in each micro region as discussed by Khoo [9]. Consequently, DWI has
opened up a wide array of experimental choices, given its increased sensitivity to cell density variations and
tissue anomalies as well as the possibility of detecting affected zones at earlier stages than with T1- or T2-
weighted imaging. DWI1 did not present any variation in all of the four groups, the placebo and three different
dosses levels during the 9 weeks of administration.
This study including T1, T2 and DWI was strong and complementary evidence that the pharmaceutical
formulation mixing in the same vial IFNs alpha2b and gamma is safe.
Such imaging results are in agreement with those of the histopathological studies carried after the animals have
been sacrificed. During the macroscopic observation of the autopsy, indicative signs of alterations were not
detected in the organs and tissues. All the organs showed normal morphology without evidences of anatomical
changes. The absence of gross findings in the organs 11 and tissues is an important element when analyzing the
safety of the product that was rehearsed in this study.
The histology of all the evaluated organs by treatment group has been similar and independent of the used dose
levels. Thus, toxic effects were not observed of the test item on the animals.
Taking into account , there were no previous reports found with similar studies for these cancer therapies; this is
the first time, results of a longitudinal MRI study in rats on the effects of combinations of IFN alpha and gamma
2b are reported.

V. Conclusion
On the whole, from T1 and T2 MR Images (coronal and axial slice orientation) no morphological changes were
observed in the Brain, cerebellum, Medulla spinal and Kidney during 28 days. Likewise, any kind of lesion
during this period has been observed. In fact, the DWI corroborates this result.
Clinical MRI machines and methods provide good complementary information for the toxicological serial and
transverse quantitative studies.
In the frame work of this study, the pharmaceutical formulation by MRI mixing in the same vial IFNs alpha2b
and gamma is safe and has no toxicity visible effect in a wide dose range. For the first time, results of a
longitudinal MRI study in rats on the effects of this pharmacological combination are shown.
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