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A Rat Model of Intracerebral Hemorrhage Induced by Collagenase IV
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[Abstract] Stroke, the second leading cause of death worldwide (Ingall, 2004), is one of the
major causes of morbidity and mortality. Intracerebral hemorrhage (ICH), a lethal type of stroke,
accounts for 20% of all strokes (Qureshi et al., 2001), and occurs in about 50-60% of Asians
(Inagawa, 2002). In order to understand the disease process, three animal model of ICH have
been used to study the pathophysiology and treatment of ICH, including the microballoon
model, the bacterial collagenase injection model (Rosenberg et al., 1990) and the autologous
blood injection model (Andaluz et al., 2002; Belayev et al., 2003). In the collagenase injection
model, the hemorrhage size is controllable which was induced by small vessel breakdown. This
model also can mimic the onset of spontaneous intraparenchymal bleeding and the expansion
of continuous bleeding in ICH patients (Kazui et al., 1996; MacLellan et al., 2008; James et al.,
2008). In the past several years, our previous studies have proven that our modified
collagenase IV injection model is a reliable and reproducible model of ICH in rat (Lu et al., 2014;
Gao et al., 2014; Wang et al., 2011). We hereby introduce our model of ICH as following.

Materials and Reagents

1. About 2 months old male Sprague-Dawley rats˄280~320 g˅
2. Isoflurane
3. Collagenase IV (Sigma-Aldrich, catalog number: C5138)
4. 4-0 monocryl
Equipment
1. Sterile iodophor wipes
2. Sterile bone wax
3. Induction chamber
®

4. Stereotactic apparatus (KOPF , model: 900 Small Animal Stereotaxic Instrument)
®

5. Stereotaxic drill (KOPF , model: 1474 High Speed Stereotaxic Drill)
6. The animal gas anesthesia system (RDW Life Science)
7. Temperature controller and temperature sensor system (RDW Life Science, model:
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69001)
8. Microinjection pump (KD Scientific, model: KDS310)
9. Hamilton syringe 26 G (5 μl)
10. Magnetic Resonance Imaging (MRI)
11. Brain matrix (RDW Life Science, catalog number: 68710)
Procedure
1. The stereotactic apparatus are set up and the weight of rats are recorded before
operation (Figure 1).
2. The rats are deeply anesthetized with 3% isoflurane in an induction chamber.
3. To ensure the depth of anesthesia, the rats are tested by toe pinch.
4. After loss of consciousness, the rats are fixed on the stereotactic frame using a nose
clamp and two ear bars (Figure 1).
5. A temperature sensor is inserted into the rats’ anus, and the temperature of rats is
maintained at 37 °C by a temperature controller.
6. The rats are kept anesthetized with 2% isoflurane by gas mask.
7. After shaving the fur, the superior surface of rat head is prepared by sterile iodophor
wipes as surgical field.
8. A longitudinal incision is made on the surface of head to expose the bregma.
9. Using the stereotactic apparatus, a left point 3 mm lateral to the bregma is marked.
10. A burr hole through the skull is drilled at the marked point by a high speed stereotaxic
drill.
Note: The Depth of the drilling depended on the experience of the operator. We can
assess the damage by Immunohistochemistry.
11. 1 μl collagenase type IV (0.25 IU/μl) is injected into corpus striatum (5 mm below the
skull) by a 5 μl Hamilton syringe 26 G at a slow rate of 0.2 μl/min.
12. The syringe is remained at the place about 7 min after the injection is completed.
13. For about 7 min later, the syringe is removed slowly.
14. Once the syringe is removed, sterile bone wax is used to plug the hole quickly.
15. The skin on the surface of head is closed by using 4-0 monocryl.
16. The rats are removed from the stereotactic apparatus and are allowed to recover in a
warmed cage with free access to food and water.
Note: The recovery period is about 20-30 min.
17. To evaluate the rat Model of ICH induced by collagenase IV, the rats are sacrificed and
the brain is cut into slices after operation to assess the volume of hematoma (see Note
3) (Figure 2A and 2B). Furthermore, the neurobehavior (Bederson test) of ICH rats is
assessed (Figure 2C-2F). At last, the volume of hematoma also is analysed by MRI
(Figure 2G-2H).
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Figure 1. A picture representing a set of the stereotactic apparatus system and a rat
mounted in the stereotactic frame. A. Stereotactic frame; B. Infusion pump; C.
Stereotaxic drill; D. Nose clamp; E. Ear bar; F. Hamilton syringe 26 G.

Figure 2. Evaluation of ICH rat induced by collagenase IV. A. The hematoma at 3 h
after operation. B. The hematoma at 3 days after operation. C-F. Neurobehavioral test at 3
days after operation, such as, failure to extend contralateral forelimb fully (C), failure to flex
the hind legs (E), circling-walking (D), and failure to keep balance on a beam. G-J. The
volume of hematoma tested by MRI at 3 days after operation.
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Notes
1. The concentration of collagenase IV should be exactly 0.25 IU/μl, because a small
change in concentration of collagenase IV may cause a different in the volume of the
hematoma.
2. The stereospecific place collagenase IV injected is 3 mm lateral to the bregma and 5
mm below to skull.
3. The brains are sliced by the brain matrix, which can slice the brains about 1 mm
thickness. And before sliced, the brains should be freezed at -40 °C about 20 min.
4. Bederson test (Bederson et al., 1986) is an evaluation for neurologic status of stroke
rats. Rats will be suspended about 1m high by holding the tail, the status of the forelimb
flexion will be observed and recorded. Rats that extend both of their forelimbs will be
considered as normal or having no observable deficit, standing for grade 0. If any
consistent flexion of forelimb occurs, such as only wrist flexion, or shoulder adduction
with elbow extension, or even full flexion of wrist and elbow with adduction and internal
rotation of the shoulder contralateral to the infarct side, rats will be assigned at least
grade 1. If further, rats could not resist the lateral push toward the paretic side after
gently providing a lateral pressure behind the shoulder, will be grade 2. Then rats are
allowed to move freely. Whether the rats will circle toward the paretic side is the
indicator for grade 3. Generally, rats that display circling behavior, being grade 3, have
greater neurologic deficit.
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