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[Abstract] Permanent occlusion of bilateral common carotid arteries (2VO) in rat is considered as a
suitable animal model to mimic chronic brain hypoperfusion status, which is proved to be a risk factor to
precede the Alzheimer’s disease or/and vascular dementia. In this protocol, we describe how to
successfully ligate the bilateral common carotid arteries covered by anterior cervical muscle group, and
provide the details for understanding the surgical procedures of 2VO.
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[Background] Currently, chronic brain hypoperfusion (CBH) is considered as a preclinical condition of
mild cognitive impairment, which is thought to precede dementia (Ruitenberg et al., 2005; Gorelick et
al., 2011). However, how CBH produces dementia is largely unknown.

The method of permanent occlusion of bilateral common carotid arteries (2VO) in rat was first
established in the 1970s (Eklof and Siesjo, 1972). Since 2VO in rats provokes CBH without motor
dysfunction, it is considered as a suitable animal model to elicit CBH status (Tanaka et al., 1996). After
the 2VO procedures, three phases are theoretically determined by the degree of cerebral blood flow
(CBF) and metabolic changes of rats (Farkas et al., 2007). After initiation of 2VO procedures, the first
phase of acute ischemia lasts for about 2-3 days (Ohta et al., 1997; Otori et al., 2003; Tomimoto et al.,
2003). During this period, the CBF drops dramatically and remains at a significantly low level in the
following 4 weeks with reduced glucose utilization (Otori et al., 2003), sudden depletion of ATP and
phosphocreatine (Plaschke, 2005). The second phase lasts for 8 to 12 weeks and corresponds well
with the CBH in aging and dementia, and a slight reduction of the CBF with restored ATP as well as
remaining low level of phosphocreatine. However, in the final phase, the CBF recovers to the baseline
and the metabolic changes gradually cease after 6 months of 2VO (Ohta et al., 1997; Otori et al.,
2003).

We also noted that numerous studies using 2VO rat model also reveal lots of pathological
characteristics, including impaired learning and memory evaluated by both Morris water maze or
eight-arm radial maze, where the 2VO rats display longer escape latencies to find hiding platform in
Morris water maze (Liu et al., 2005) and commit more errors to enter a never-baited arm than the rats
from sham group in the eight-arm radial maze (Sopala and Danysz, 2001); the neuronal cell death in

hippocampus (Farkas et al., 2004); reduced dendritic arborizations (Chen et al., 2017); astrocytic
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reactions (Panickar and Norenberg, 2005) and microglial activation (Abraham and Lazar, 2000), efc. All

these phenomena provide the sounded evidence that 2VO rat model is a valuable animal model to

study the molecular mechanism of CBH associated diseases. In this protocol, we describe the detailed

procedures of how to successfully establish a rodent model of CBH by permanently ligating the bilateral

common carotid arteries of rat. And this protocol was based on and modified from the previously

published paper: Kumaran et al., 2008.

Materials and Reagents

8.
9.

75% alcohol cotton ball (Bettering, catalog number: BY ACB)

22 mm (3/8 circle) surgical needle with suture (Foosin Medical Supplies, Weigao, model: 300
series) (Figure 1B)

1 ml syringe for anesthetizing (Xi'an Sentansha Medical Investment Management, catalog
number: STS-SY003-#0037) (Figure 1H)

3-0 silk suture (Jinhuan, model: 3-0) (Figure 1A)

Medical absorbent cotton (Zhushi Parmaceutical Group, model: ZS-HM019)

Animals

Male Sprague-Dawley rats (weight 280-300 g, usually 4-5 months old, obtained from the
Animal Center of the Second Affiliated Hospital of Harbin Medical University, Harbin,
Heilongjiang Province, China) were housed at 23 + 1 °C with 55 + 5% of humidity and
maintained on 12 h dark/light artificial cycle (lights on at 7:00 AM) with food and water available
ad libitum. All procedures regarding the animal experiments were approved by the Institutional
Animal Care and Use Committee at Harbin Medical University (No. HMUIRB-2008-06) and the
Institute of Laboratory Animal Science of China (A5655-01)

0.9% sodium chloride (Qingdao Fraken International Trading, model: High Quality 0.9%
Compound Sodium Chloride Injection)

Chloral hydrate (Aladdin, catalog number: C104202)

Gentamycin sulfate, 50 mg/ml solution, sterile (Sangon Biotech, catalog number: B540724)

10. 10% chloral hydrate solution (see Recipes)

11. 20 mg/ml gentamycin sulfate solution (see Recipes)

Equipment

@ gk~ wbd =

Glass dish (Canfort Laboratory and Education Supplies, catalog number: LG075) (Figure 1C)
Needle holder (Sklar Surgery Instrument, model: 5-1/4”, catalog number: 21-8001) (Figure 1D)
Forceps (Fine Science Tools, catalog number: 11009-13) (Figure 1E)

Artery clips (Nut Link International, model: Approximator Clamps) (Figure 1F)

Scissors (Fine Science Tools, catalog number: 14068-12) (Figure 1G)

Glass hook (Figure 11)
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7. Electric animal shaver (Yiwu Kemei Electric Appliances, model: KM-970) (Figure 1J)
8. Fiber optic illuminator (Mineralogical Research, catalog number: MA312101) (Figure 1K)
9. Electric heating pad for pet (Dongxiyi, catalog number: wi95919) (Figure 1L)
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Figure 1. The materials and equipment. A. 3-0 silk suture; B. Surgical needle with suture; C.
Glass dish with the sterile 0.9% sodium chloride; D. Needle holder; E. Forceps; F. Artery clips;

G. Scissors; H. 1 ml syringe for anesthetizing; I. Glass hook; J. Electric animal shaver; K. Fiber
optic illuminator; L. Electric heating pad.

Notes: Before the surgery, all the metal instruments should be sterilized at high temperature,
200 °C.

Procedure

1. Anesthesia
After fasting 12 h, the rat is anesthetized with 10% chloral hydrate (300 mg/kg, see Recipes) by
intraperitoneal injection and the rat should reach surgical anesthesia within 5-10 min.
Note: Depth of anesthesia is assessed by corneal blink and tail-pinch reflexes. Surgery should
not be operated until the rat has reached full anesthesia. Anesthesia should be maintained at
least for 1 h to complete all surgical procedures.

2. Expose the common carotid artery of rat (Video 1).

& common carotid arery of ral

4 M o ——e 00:00:05/00:01:36 —

Video 1. Expose the common carotid artery of rat. This video shows the exact surgical

procedures of how to expose common carotid artery covered by omohyoideus.
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Note: To maintain body temperature, it is recommended to place the rat on a heating pad

(37 °C) during procedures.

a. Mount the rat onto an electric heating pad and clean the fur around neck using an electric
shaver. (Figure 2A)

b. Sterilize neck skin using 75% alcohol cotton ball and then cut a 2-cm incision above the
manubrium along the anterior midline of the neck. (Figure 2B)

c. Carefully blunted dissect hypoderm and expose the sternohyoid muscle. (Figure 2C)

Carefully blunted dissect the fascia in order to expose the carotid triangle muscle structure
that is consist of posterior belly of digastric muscle, omohyoideus and sternocleidomastoid,
and then vertically separate omohyoideus to finally expose the sheath for crucial vessels
and nerves. (Figure 2D)
Note: Within the exposed friangle area, two important vessels and nerve trunks could be
identified, including internal vein and common carotid artery with their tributaries, and
Vagus and aortic depressor nerve (50-80 um varying upon the age and gender) that
commonly located between carotid artery and Vagus. The dark red pulse-free internal vein
mostly covered by sternocleidomastoid muscle is located outside the red pulsing common
carotid artery. So they can be easily distinguished by the color and pulse. Importantly,
Careful attention would be necessary for successful surgery during the blunted dissection
to avoid damaging both nerves.

3. Separate the common carotid artery from the Vagus and aortic depressor nerve. (Video 2)

} 4 Pkl il =& 00:00:00/00:01:01

Video 2. Separate the common carotid artery from the Vagus and aortic depressor nerve
a. Carefully peel off the sheath around the common carotid artery. (Figure 2E)

b. Slightly lift up the common carotid artery with one forceps and gently separate vagal nerve

from the common carotid artery using the glass hook. (Figure 2F)
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Note: More attention should be paid to avoid the damage of the Vagus as well as aortic
depressor never, as the damage can induce vegetative nerve functional disturbance and

increase mortality rate.
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Figure 2. The Procedures 2-6 of 2VO rat model. A. Mount the rat to the heating pad; B. Cut a
2.0 cm incision above the manubrium; C. Expose the sternohyoid muscle; D. Expose the
carotid triangle muscle structures that are consist of posterior belly of digastric muscle,
omohyoideus and sternocleidomastoid; E. Carefully peel off the carotid sheath; F. Separate the
Vagus from the common carotid artery; G. Permanently ligate the bilateral common carotid
artery; H. Schematic diagram of permanent ligation of bilateral common carotid artery; I. Cut off
the common carotid artery in between the two ligated silk sutures; J. Schematic diagram of
cutting off the common carotid artery in between the two ligated silk sutures; K. Use 20 mg/ml

gentamycin sulfate solution to avoid potential postoperative infection; L. Close the wounds.
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4. Permanently ligate or cut off the common carotid artery. (Video 3)
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Video 3. Permanently ligate or cut off the common carotid artery

a. Clamp the common carotid artery using two artery clips at the heart and head side each to
avoid bleeding. (Figure 2G)

b. Two 3-0 silk sutures (immersed in the 0.9% sterile sodium chloride) are placed beneath the
common carotid artery with the help of forceps and right in between the clips (Figures 2G
and 2H). For the permanent ligation of the common carotid artery, silk sutures are
tightened up and then the common carotid artery is cut off in between the two ligated silk
sutures (Figures 2l and 2J).

Gently take off the artery clips.

During the surgical procedures, the medical absorbent cotton would be necessary to
remove any potential bleeding and exudates to reduce the chance of postoperative
infection maximally.

5. Perform the same procedures on the contralateral common carotid artery. (Video 4)

)| 4 M 41 ——e 00:00:01/00:02:34

Video 4. Permanently ligate the contralateral carotid artery
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6.

Notes

Postoperative caring

a. After the surgical procedures, all the anterior cervical muscles should be back to their
original location.

b. To avoid potential postoperative infection, the wounds should be washed before closing by
20 mg/ml gentamycin sulfate solution and the redundant solution has to be removed

completely. (Figure 2K) (Video 5)

M M I ——@ 00:00:01/00:01:15

Video 5. Protect the wounds from infection

c. Close the wounds. (Figure 2L)
d. Place the rat back to the cage, and use a warm illuminant to keep a stable temperature

until the rat recovers from anesthesia that may take at least 1-2 h after the surgery.

Timing: All the surgical procedures need to be finished within 5 min after the rat is completely
relaxed, which will significantly reduce the chance of infection.

Selection of animals: Rats are considered to be the suitable rodent species for the 2VO
operation because rats can survive from the severe ischemia by their complete circle of Willis,
which provides constant reduction of blood flow after the 2VO. In other words, the Willis’ circle
in gerbils or most strains of mice are under developed. It is worth mentioning that, in our group,
SD rather than Wistar rats have been selected to establish the 2VO animal model simply
because of a higher mortality while using Wistar compared with SD rats that have relatively
large circle of Willis. Additionally, the body weight of rat is a significant factor. In our experience,
an ideal body weight is between 280-300 g, and it will definitely increase the risk of mortality
during and after procedures if the body weight is lower than 280 g or higher than 300 g.
Selection of silk suture size: The most suitable size of suture is 3-0 to 5-0, because the
diameter of silk suture less than 3-0 may damage the artery while ligation resulting in bleeding

and the diameter of silk suture larger than 5-0 may cause incompletely ligation or re-perfusion
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due largely to the loosen of ligated sutures and finally result in the failure to induce a CBH

status.

4. Protection of Vagus and aortic depressor nerve: The damage of vagal and aortic depressor
nerve during operation will induce vegetative nerve functional disturbance of rats and increase
the possibility of death.

5. Gentle performance: Gentle and quick performance is essential here. A rough operation can
easily induce severe bleeding and result in the death of rats.

Recipes

1.

10% chloral hydrate solution
a. 5 g chloral hydrate is dissolved in 50 ml physiological saline solution
b. Store at 37 °C

2. 20 mg/ml gentamycin sulfate solution

a. 4 ml gentamycin sulfate (50 mg/ml) is diluted with sterile sodium chloride (0.9%) up to 10
ml
b. Store at-20 °C
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	3. Separate the common carotid artery from the Vagus and aortic depressor nerve. (Video 2)
	Video 2. Separate the common carotid artery from the Vagus and aortic depressor nerve
	a. Carefully peel off the sheath around the common carotid artery. (Figure 2E)
	b. Slightly lift up the common carotid artery with one forceps and gently separate vagal nerve from the common carotid artery using the glass hook. (Figure 2F)
	Note: More attention should be paid to avoid the damage of the Vagus as well as aortic depressor never, as the damage can induce vegetative nerve functional disturbance and increase mortality rate.
	Figure 2. The Procedures 2-6 of 2VO rat model. A. Mount the rat to the heating pad; B. Cut a 2.0 cm incision above the manubrium; C. Expose the sternohyoid muscle; D. Expose the carotid triangle muscle structures that are consist of posterior belly of...
	4. Permanently ligate or cut off the common carotid artery. (Video 3)
	Video 3. Permanently ligate or cut off the common carotid artery
	a. Clamp the common carotid artery using two artery clips at the heart and head side each to avoid bleeding. (Figure 2G)
	b. Two 3-0 silk sutures (immersed in the 0.9% sterile sodium chloride) are placed beneath the common carotid artery with the help of forceps and right in between the clips (Figures 2G and 2H). For the permanent ligation of the common carotid artery, s...
	c. Gently take off the artery clips.
	d. During the surgical procedures, the medical absorbent cotton would be necessary to remove any potential bleeding and exudates to reduce the chance of postoperative infection maximally.
	5. Perform the same procedures on the contralateral common carotid artery. (Video 4)
	Video 4. Permanently ligate the contralateral carotid artery
	6. Postoperative caring
	a. After the surgical procedures, all the anterior cervical muscles should be back to their original location.
	b. To avoid potential postoperative infection, the wounds should be washed before closing by 20 mg/ml gentamycin sulfate solution and the redundant solution has to be removed completely. (Figure 2K) (Video 5)
	Video 5. Protect the wounds from infection
	c. Close the wounds. (Figure 2L)
	d. Place the rat back to the cage, and use a warm illuminant to keep a stable temperature until the rat recovers from anesthesia that may take at least 1-2 h after the surgery.
	Notes
	1. Timing: All the surgical procedures need to be finished within 5 min after the rat is completely relaxed, which will significantly reduce the chance of infection.
	2. Selection of animals: Rats are considered to be the suitable rodent species for the 2VO operation because rats can survive from the severe ischemia by their complete circle of Willis, which provides constant reduction of blood flow after the 2VO. I...
	3. Selection of silk suture size: The most suitable size of suture is 3-0 to 5-0, because the diameter of silk suture less than 3-0 may damage the artery while ligation resulting in bleeding and the diameter of silk suture larger than 5-0 may cause in...
	4. Protection of Vagus and aortic depressor nerve: The damage of vagal and aortic depressor nerve during operation will induce vegetative nerve functional disturbance of rats and increase the possibility of death.
	5. Gentle performance: Gentle and quick performance is essential here. A rough operation can easily induce severe bleeding and result in the death of rats.
	Recipes
	1. 10% chloral hydrate solution
	a. 5 g chloral hydrate is dissolved in 50 ml physiological saline solution
	b. Store at 37  C
	2. 20 mg/ml gentamycin sulfate solution
	a. 4 ml gentamycin sulfate (50 mg/ml) is diluted with sterile sodium chloride (0.9%) up to 10 ml
	b. Store at -20  C
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