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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes. If yes, please list make and model of your microscope: Zeiss Stemi 2000-C
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes (MRI scanner software)
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps.
- Intravitreal manganese injection into mouse eye

- Equipment setup for MR scans of mice in clinical 3 T scanner

- Correct adjustment of mouse into MR scanner and monitoring vital parameters during scan

- Driving of appropriate MEMRI protocol

- MRI data analysis for multiplanar and 3D sequence reconstructions

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Intravitreal injection of a defined dosage of 15nmol MnCl2. The dosage is critical with respect to balanced effects for MEMRI signal intensity and Mn2+ toxicity, respectively. Biologically, this is ensured by application of a volume- and concentration-optimized MnCl2 solution (2µl/7.5mM). Technically, atraumatic injection is successfully achieved by usage of an appropriate syringe and needle, monitoring of the injection procedure under a binocular microscope, and setting of defined sequence parameters for MR data acquisition. 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to monitor structural and functional alterations along the visual pathway in mice in vivo. (Intro)

This is accomplished first with an intravitreal injection of paramagnetic manganese ions, which serve intracellularly as MR sensitive tracers and are applied as manganese chloride solution 24 hours before the scan. (P1:Use Shot 3.5.3: SCOPE: Talent keeps needle inserted after injection and then slowly withdraws it)
The second step is to arrange the anaesthetized mouse inside the 3 T MR scanner using appropriate hardware for image acquisition and monitoring of vital functions. (P2:Use Shot 4.3.2: MED: Talent positions coil in MR scanner)
Next, the mouse-adopted and tracer-sensitive MEMR-protocol (T1 3D FLASH sequence) is driven, and multiplanar 3D images of the intracerebral signal enhancement along the retino-tectal pathway are reconstructed. (P3: LAB MEDIA: Movie 2, showing reconstructed 3D maximum intensity projection of the retino-tectal projection.)
The final step is to remove the mouse from the MRI scanner and to support its vital functions for rapid recovery from anesthesia, which allows for repetitive MEMRI studies of the same animal, or subsequent behavioral or histological examinations. (P4:Use shot 4.10.1: MED: Talent removes mouse from holder)
Ultimately, manganese-enhanced MRI of the retino-tectal projection is used to show acute or progressive neuropathologies in experimentally or genetically modified mice mimicking neurodegenerative CNS diseases. (P5: LAB MEDIA: Movie 3. Showing animated 3D maximum intensity projection (MIP) of manganese-enhanced brain structures in bilaterally intravitreal injected mice after unilateral optic nerve injury.  (Video Editor: take a short sequence from the rotating brain; insert and highlight “intact projection” and “injured projection”).  
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Stefanie Fischer: The main advantage of this technique over existing methods, like post mortem histology, is that structural alterations directly can be monitored in vivo and by repetitive studies on individual animals.   

1.2. Ronny Haenold: This method can help answer key questions in the neuro-scientific field, such as on structural pathologies in Alzheimer’s or Parkinson’s diseases, after CNS traumata, or in poorly characterized metabolic inherited diseases.  

1.3. Christian Engelmann: Though this method can provide insight into special neuro-anatomic features of the visual projection, it can also be applied to other systems, such as the auditory or olfactory projection, or even to aspects of the motor system.

1.4. Karl-Heinz Herrmann: Generally, individuals new to this method will struggle because the generation of a stable and reproducible signal enhancement by manganese depends on optimal microinjection, and MR image acquisition on a clinical 3 Tesla scanner requires dedicated hard- and software equipment.


Protocol (read by voice talent at JoVE): 
Extra Title Card

All animal interventions are performed in accordance with the European Convention for Animal Care and Use of Laboratory Animals and the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. All experiments have been approved by the local ethics committee.

2. Intravitreal Manganese Injection

2.1. To begin, prepare the contrast agent by diluting 1 microliter of 1 molar manganese chloride stock solution in 132 microliters of water under sterile conditions. Load 5 microliters of the final solution into a 5-microliter syringe connected to a 34-gauge small hub removable needle. 

2.1.1. MED: Talent dilutes MgCl MnCl2 stock solution into water

2.1.2. CU: Talent loads 5 microliters final solution into syringe 

2.2. 24 hours prior to the MRI scan, anesthetize the mouse (TEXT: 5% chloral hydrate in PBS; 450 mg/kg body weight) and confirm deep sedation by checking the pedal reflex.  Once sedated, apply one drop of liquid 0.4% oxybuprocaine hydrochloride, a topical anesthetic, to the cornea.
2.2.1. CU: Talent checks pedal reflex

2.2.2. CU: Talent applies topical anesthetic to cornea

2.3. Next, position the mouse on its left side under a binocular microscope and gently open and fix the right eye between the thumb and forefinger of your left hand.  Hold the syringe with your right hand arresting the needle close to the tip.  

2.3.1. MED: Talent positions mouse under binocular microscope

2.3.2. CU: Talent fixes right eye between thumb and forefinger of left hand
2.3.3. CU: Talent holds syringe close to the tip

2.4. Carefully insert the needle into the vitreous body at the infero-temporal circumference approximately 1 millimeter distal to the limbus, to avoid damaging any scleral vessels.

2.4.1. SCOPE: Talent inserts needle into vitreous body

2.5. While an assistant slowly applies the total volume of 2 microliters, monitor optimal needle placement under the microscope to avoid puncturing the lens or spilling any liquid.  To minimize any liquid leakage from the injection site, keep the needle inserted after injection for an additional 30 seconds before slowly withdrawing it.  

2.5.1. CU: Talent slowly applies total volume of 2 microliters

2.5.2. MED: Talent monitors optimal needle placement under microscope

2.5.3. SCOPE: Talent keeps needle inserted after injection and then slowly withdraws it

2.6. For bilateral signal enhancement, repeat the injection procedure for the left eye. 
2.6.1. CU: Talent positions mouse under the dissecting scope.

2.6.2. SCOPE: Talent repeats injection procedure for other eye at microscope

2.7. After the procedure, apply eye drops containing 3 milligrams per milliliter of ofloxacin and an ointment containing panthenol to prevent infections and drying of the eye.  Return the mice to their cages until the start of the MR scan. 

2.7.1. CU: Talent applies eyedrops and ointment
2.7.2. MED over the shoulder: Talent returns mice to their cages

3. Preparing animals for the MRI
3.1. The custom-made mouse holder, shown here, has a bite bar for head fixation and sensors for respiratory and temperature monitoring. Following inhalational anesthesia, (TEXT: 2% isoflurane / 98% oxygen) mount the mouse on the mouse holder in an almost horizontal, untwisted position. 
3.1.1. CU: Talent points out the bite bar and temperature/respiratory sensors.
3.1.2. MED: Talent places the sedated mouse on the holder.
3.2. With the animal in its final position, insert the animal and holder into a dedicated, signal-to-noise efficient linearly polarized Litz coil for small animals with an effective field of view of 35 millimeters by 38 millimeters in diameter.  

3.2.1. CU: Talent places the Litz coil over the mouse. (side view)

3.2.2. CU: End view of Litz coil being positioned over the mouse. Top shot of mouse in position.
3.3. Operate the coil in transmit-receive mode. Insert the holder in the shield tube. Adjust the tune and match of the coil with the aid of a vector impedance analyzer. Position the coil in the 3 Tesla MR scanner and begin monitoring respiration and heart rate.
3.3.1. CU: Talent starts to operate the coil in transmit-receive mode. Talent puts animal in shield tube.
3.3.2. CU: Talent adjusts tune and match of the coil  / 3.3.2. b) WIDE: Talent adjust coil.
3.3.3. MED: Talent positions coil in MR scanner
3.4. During the scan, supply anesthesia using a continuous insufflated mixture of 1.5% isoflurane / 98.5% oxygen gas with an evaporator connected to the mouse head holder by an integrated tube.  Maintain a stable respiration rate of about 40 breaths per minute and a body temperature above 35°C. 

3.4.1. CU: Talent regulates anesthesia.
3.4.2. -deleted-, instead: see 3.4.3
3.4.3. MED: Talent watches breath rate.

3.5. Manually check the frequency adjustment, shim currents and transmitter reference voltage to optimize image homogeneity and quality.
3.5.1. SCREEN: Talent checks frequency adjustment, shim (0-25 sec of movie) and transmitter reference voltage (25-41 sec of movie). (Video editor: delete all movie sequences after 42 sec. Highlight single dominant peak (at 24 sec) with the words “shim currents”; highlight the reference voltage of 5.5 (at 41 sec) with the words “transmitter reference voltage”)
3.6. Next, acquire T1-weighted 2-dimensional turbo spin echo images with a resolution of 0.5 millimeters by 0.5 millimeters by 2 millimeters in both the sagittal and transversal view for planning. 

3.6.1. MED: Talent begins acquiring data by starting the program.

3.6.2. SCREEN: Talent begins the acquisition of MRI images (Video editor: movie shows positioning of the measurement field (yellow boxes) to center the mouse’ head for sagittal (at 9 sec) and transversal (at 18 sec) measurements. While this shows planning the measurement, the actual subsequent measurement is not shown.)
3.7. Using the planning MR scans, acquire the manganese-enhanced MR images in the coronal measurement direction, rotated to be parallel to the animal’s head with phase encoding along the left-right direction.

3.7.1. MED Over the Shoulder: Talent plans MEMRI.
3.7.2. SCREEN: Talent plans MEMRI. (Video Editor: Highlight the adjustment of the measurement direction (=rotation of boxes in the top row) (at 10 sec) with the words “in the coronal measurement direction, rotated to be…”)
3.8. To minimize acquisition time, use a tight field-of-view of 54 mm and apply a rectangular field-of-view of 93.8%. Apply a spoiled 3D Fast Low-Angle Shot (FLASH) sequence with a base matrix of 256. Use 128 slices of 0.11 millimeter thickness with slice resolution set to 61% to create a final isotropically interpolated 3D volume data set.  
3.8.1. SCREEN: Talent sets parameters to fit the mouse’s head.

3.8.2. SCREEN: Talent sets parameters for FLASH sequence in the order listed above. (Video editor: highlight “filed of view of 54 mm” at 4 sec; “rectangular view of 93.8%” at 7 sec; “base matrix of 256” at 14 sec; “128 slices of 0.11 mm” at 17 sec; “set to 61%” at 21 sec)
3.8.3. SCREEN: Talent shows how to set up the use of 128 x 11mm thick slices by setting the resolution to 61%.

3.9. Then, activate in-plane interpolation to create final images of the aforementioned effective resolution. Use an echo time of 6.51 milliseconds, repetition time of 16 milliseconds, flip angle of 22 degrees, and band width of 160 Hertz per pixel.  
3.9.1. SCREEN: Talent activates in-plane interpolation. (TEXT: “0.1mm x 0.1mm x 0.09 mm interpolated”)
3.9.2. SCREEN: Talent performs the steps above in the order listed 
3.10. Apply two averages and three repetitions to achieve a total acquisition time of approximately 30 minutes. 

3.10.1. SCREEN: Talent shows the parameters for averaging the scans. 
3.10.2.  SCREEN: Talent averages the scans.

3.11. After the scan, remove the mouse from the holder and supply pure oxygen to accelerate recovery from anesthesia.  Use a red light heating source to keep body temperature stable.  
3.11.1. MED: Talent removes mouse from holder.
3.11.2. MED: Talent places red light heating source above the mouse.
4. MRI data analysis
4.1. Analyze the data using syngo fastView, or similar software. Select defined regions of interest in 2-dimensional planar MRI recordings and determine signal intensities of the manganese-enhanced structure and tissue background, here shown as “Mean”, as well as the standard deviation of the noise “SD”. 

4.1.1. SCREEN: Talent opens the syngo fastView software, selects a region of interest in one of the slices, and determines the “Mean” signal intensities in manganese-enriched region, background region, and the standard deviation of the noise “SD”.
4.1.2. SCREEN: Talent selects a region of interest in one of the slices. (Included in 4.1.1)
4.1.3. SCREEN: Talent calculates the standard deviation of the noise. (Included in 4.1.1)
4.2. For each sample, quantify three consecutive images for the mean contrast-to-noise ratio.  In bilaterally injected animals, analyze each hemisphere independently. (Video editor: 4.2. has been moved from 4.4)  

4.2.1. SCREEN: Talent scrolls through 3 consecutive images to quantify all of the images.
4.3. When necessary, use a mouse-brain atlas for neuro-anatomical orientation of the lateral geniculate nucleus and superior colliculus.

4.3.1. (shoot as 4.2.1) LAB MEDIA: Movie 1, Brain Explorer showing animated LGN and SC.
4.4. Next, calculate the contrast-to-noise ratio by taking the difference “Mean” intensity of the manganese-enhanced structures from the tissue background and dividing by the standard deviation of the noise “SD”. 
4.4.1. (shoot as 4.3.1) MED Over the Shoulder: Talent begins to calculate the contrast to noise ratio.

4.4.2. SCREEN: Talent calculates contrast-to-noise ratio.

4.5. For horizontal, coronal, and sagittal images, generate multiplanar reconstructions from the original 3D MRI data set.  These processed images are not recommended for quantitative analysis. Use angiography post-processing software to create animated 3D reconstructions of the retino-tectal projection.

4.5.1. SCREEN: Talent loads the data set, sets contrast and aligns the images for generation of multiplanar reconstruction.
4.5.2. SCREEN: Talent generates and saves a transversal multiplanar reconstruction.
4.5.3. SCREEN: Talent loads the maximum intensity projection (MIP) data into the viewer to generate animated 3D reconstruction of the mouse head.
4.5.4. LAB MEDIA: Movie 2, showing reconstructed 3D maximum intensity projection of the retino-tectal projection.
5. Results: Contrast-enhanced MR imaging
5.1. Manganese-injected retinae show strong signal enhancement in T1-weighted MRI compared to non-enhanced brain areas and controls. However, at 150 nanomolar, manganese injections produce signal saturation. 
5.1.1. LAB MEDIA: Figure 1 (Video Editor: show MRI T1 graphic for control compared to 15 nanomolar Mn2+ injection and 150 nanomolar injection.)
5.2. The contrast to noise ratio, or CNR, was greater for the dark-adapted retina compared to the light-stimulated condition.  However, signal for the light and dark conditions are no different in the lateral geniculate nucleus and superior colliculus.  
5.2.1. LAB MEDIA: Figure 3C (Video Editor: Emphasize the Retina labeled columns with the first sentence.  With the words “dark-adapted” highlight the black column specifically and with the words “light-generated” highlight the grey column.  Then, emphasize the LGN and SC labeled columns during the last sentence.  Emphasize the LGN label with the words “lateral geniculate nucleus” and the SC label with “superior colliculus”.)
5.3. When looked at by age, mice between 3 and 26 months show no effect of age in signal enhancement.
5.3.1. LAB MEDIA: Figure 3D 
5.4. Optic nerve crush injury causes breakage of the axon fascicles and blocks retino-tectal transport of manganese. One week after the optic nerve was lesioned unilaterally, the crushed side showed complete loss of signal enhancement in contralateral LGN and SC, compared to the ipsilateral intact side.
5.4.1. LAB MEDIA: Figure 4 A. showing ipsilateral (i) and contralateral (c) LGN and SC of projection with intact and crushed optic nerve. 
5.5. The location and severity of an injury can be detected by assessing signal intensity along the optic nerve before and after injury. One day after injury, signal intensity drops to background levels at locations along the optic nerve beyond the lesion site. 
5.5.1. LAB MEDIA: Movie 3. Showing animated 3D maximum intensity projection (MIP) of manganese-enhanced brain structures in bilaterally intravitreal injected mice after unilateral optic nerve injury.  (Video Editor: take a short sequence from the rotating brain; insert and highlight “intact projection” and “injured projection”).  
5.5.2. LAB MEDIA: Figure 4 B. (Video Editor: Animate line “ON after injury” and “background signal”.  Label arrow as “Sight of injury”.  With sentence “One day after injury” indicate that “ON after injury” line is at same position as “Background signal” line. 
5.6. 10-month old mice lacking the NF-(B subunit p50 show a reduced manganese-dependent signal enhancement in the LGN 24 hours after injection compared to wild-type mice.  Over the course of 72 hours, wild-type and mutant mice show a similar time-course of decreasing signal intensity in the retina and the LGN.
5.6.1. LAB MEDIA: Figure 4 C. (Video editor: During first sentence show rightmost graph; highlight significant difference between wild-type and p50-ko mice by emphasizing difference along y-axis.  During words “similar time course” highlight the fact that for Retina and LGN both lines are roughly parallel by highlighting lines along the x-axis.  
6. Conclusion (said by authors on camera) 
6.1. Stefanie Fischer: While attempting this procedure, it’s important to remember to carefully perform the microinjection and to continuously monitor vital functions during and after the procedure, i.e. when longitudinal studies are desired.

6.2. Christian Engelmann: Following this procedure, other methods like histological or behavioral studies can be performed in order to answer additional questions on the ultrastructure and functionality of the visual system.
6.3. Ronny Haenold: After introduction of this technique to neuro-scientific research it helped to explore the pathomechanisms in a multitude of mouse models that mimic inherited and acquired CNS diseases.
6.4. Karl-Heinz Herrmann: Don't forget that working with magnetic fields can be extremely hazardous and precautions such as control that no magnetic material is taken with you into the scanner should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Media filenames:

51274_Haenold_Figure1.ppt
51274_Haenold_Figure2A-C.ppt
51274_Haenold_Figure3A.ppt
51274_Haenold_Figure3C.ppt
51274_Haenold_Figure3D.ppt
51274_Haenold_Figure4A.ppt
51274_Haenold_Figure4B.ppt
51274_Haenold_Figure4C.ppt
51274_Haenold_Movie1.mp4
51274_Haenold_MovieImage1.tiff
51274_Haenold_Movie2.mp4
51274_Haenold_Movie3.mov

51274_Haenold_Overview.ppt
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


