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Abstract

Central retinal artery occlusion, retinopathy, and retinal neovascularization have been reported in 

methamphetamine (METH) abusers. In the current study, we investigated whether METH induces 

retinal neovascularization in a mouse model, and if so, whether the neovascularization is 

associated with increased hypoxia, hypoxia-inducible factor 1α (HIF-1α), and vascular 

endothelial growth factor (VEGF). Mice were administrated METH by intraperitoneal injection 

over a 26-day period, or injected with saline as a vehicle control. The number of retinal arterioles 

and venules were counted using in vivo live imaging following infusion with fluorescein 

isothiocyanate-dextran. Excised retinas were stained with griffonia simplicifolia lectin I and flat 

mounted for a measurement of vascularity (length of vessels per tissue area) with AngioTool. 

Retinal hypoxia was examined by formation of pimonidazole (Hypoxyprobe) adducts with anti-

pimonidazole antibody, and HIF-1α and VEGFa protein levels in the retina were detected by 

immunoblot. METH administration increased vascularity (including the number of arterioles) 

measured on Day 26. Retinal VEGFa protein level was not changed in METH-treated mice on Day 

5, but was increased on Day 12 and Day 26. Hypoxia (pimonidazole adduct formation) was 

increased in retinas of METH-treated mice on Day 12 and Day 26, as were HIF-1α protein 

expression levels. These results indicate that METH administration induces hypoxia, HIF-1α, 

VEGFa, and angiogenesis in the retina.
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1. Introduction

One of the actions of methamphetamine (METH) is to modulate the release of 

neurotransmitters, including that of dopamine through inhibition of reuptake. Low doses of 

METH are prescribed for treatment of attention-deficit/hyperactivity disorder; however, 
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increased release of neurotransmitters by METH is associated with an induction of a feeling 

of euphoria, causing addiction (Kiyatkin and Sharma, 2016; Riddle et al., 2006). Since the 

neurotransmitters regulated by METH administration play roles in the central nervous and 

cardiovascular systems, the misuse or overdose of METH contributes to neurodegenerative 

and cardiovascular pathologies including ischemic brain injuries and damage to the heart 

(Al-Zubaidi et al., 2020; Darke et al., 2019; Kevil et al., 2019; Merchant et al., 2019; Ng and 

Chong, 2018). According to the Key Substance Use and Mental Health Indicators in the 

United States report (Substance Abuse and Mental Health Services Administration, 2019), in 

2018, approximately 1.9 million people age 12 or older used METH and 205,000 people age 

12 or older began METH use in the United States. An estimated 1.1 million people age 12 or 

older had a METH use disorder in 2018. Among them, an estimated 899,000 adults age 26 

or older are possible chronic users, with this number increasing dramatically from the 

estimated 539,000 adults in 2016.

Ischemic injuries in several tissues including the heart, brain, liver, and retina have been 

reported in METH abusers (Al-Zubaidi et al., 2020; Anderson and Sung, 2003; Darke et al., 

2019; Merchant et al., 2019; Ng and Chong, 2018; Wei et al., 2018). The monoamine 

neurotransmitters dopamine, serotonin, and norepinephrine, which are increased by METH, 

are vasoconstrictors involved in the regulation of blood pressure and blood flow. The effects 

of these neurotransmitters on platelet aggregation (Anfossi et al., 1992; Cerrito et al., 1993; 

Vlachakis and Aledort, 1979) are considered to contribute to occlusive diseases (Jenkins et 

al., 1975), which could be associated with the pathologic mechanisms of METH-induced 

ischemia. In a mouse model of METH administration, we have previously found decreases 

in retinal endothelial glycocalyx molecules, syndecan-1 and glypican-1 (Lee et al., 2020), 

with the loss of glycocalyx potentially contributing to leukocyte/platelet adhesion to the 

retinal microvasculature.

Hypoxia following ischemia stimulates neovascularization, in most cases via the activation 

of vascular endothelial growth factor (VEGF) (Hurst, 2016; Lin et al., 2011). Hypoxia-

inducible factor 1-alpha (HIF-1α), a subunit of the HIF-1 transcription factor, is stabilized in 

response to low tissue oxygen levels, and regulates expression of more than 60 genes 

including VEGF (Hurst, 2016). Angiogenesis induced by increased VEGF via hypoxia-

activated HIF-1α is an important pathway in retinal degenerative diseases such as diabetic 

retinopathy (Lin et al., 2011; Penn et al., 2008), but whether this pathway contributes to 

METH-induced retinal angiogenesis has yet to be investigated. Recently, METH-induced 

retinopathy with neovascularization and retinal vascular occlusions has been documented in 

a case report of a METH abuser (Guo et al., 2019). We hypothesize that the retinal 

angiogenic response will occur in a mouse model of METH administration that was 

designed to mimic human use, in a binge-and-crash pattern (Kesby et al., 2018), and 

moreover that the retinal angiogenesis will be accompanied by increases in hypoxia, 

HIF-1α, and VEGF.
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2. Materials and methods

2.1 Animals and drug administration

C57BL/6 male mice (8 weeks old, Jackson Laboratory, Raleigh, NC) were used. All animals 

were treated in accordance with the Association for Research in Vision and Ophthalmology 

Statement for the Use of Animals in Ophthalmic and Vision Research. The animal protocol 

was approved by the Animal Care and Use Committee at LSU Health Sciences Center in 

Shreveport. The animals were housed in cages with free access to food and water. 

Temperature and humidity in the animal facility were controlled at 23±1°C and 53±15%, 

respectively. The mice received intraperitoneal injections (4 times per day with 2 hour 

intervals) with progressively increasing doses of METH (0–6 mg/kg; Table 1) or 

bacteriostatic saline as a vehicle in a method similar to that described previously in mice to 

model human use patterns (Kesby et al., 2018). After the final injection of METH, total body 

weights of mice in both saline- and METH-treated groups tended to decrease, although not 

statistically significant (Table 2).

2.2 Whole retinal flatmount and quantitative analysis of retinal vascular networks

Within 30 min after the last METH injection, mice were anesthetized intraperitoneally with 

a ketamine/xylazine cocktail (100 mg/kg and 10 mg/kg, respectively), and the eye was 

immediately enucleated and washed with phosphate-buffered saline (PBS), with the eye 

fixed in 4% paraformaldehyde (v/v) for 1 h. Retinas were separated, permeabilized, and 

blocked with 0.5% Triton X-100, 5% goat serum, and 0.3% bovine serum albumin in PBS 

for 1 h. The retinas were then incubated in fluorescein-conjugated griffonia simplicifolia 

lectin I (GSL-1) (Vector Laboratories, Burlingame, CA) for 1 h at room temperature. After 

washing three times in tris-buffered saline with Tween 20, sections were mounted with 

Fluoromount-G (SouthernBiotech, Birmingham, AL) mounting solution, and fluorescent 

images of mid-peripheral and peripheral retina were captured with a fluorescent microscope 

(Nikon, Tokyo, Japan). To determine retinal angiogenesis, retinal vasculature stained with 

GSL-1 was analyzed with AngioTool (Zudaire et al., 2011). The average vascular length 

density (length of vessels per unit area) of 4 different selected explant areas from each retina 

was used for analysis.

2.3 Surgery and preparation for intravital microscopy

Perfusion of the retinal circulation was observed in vivo with intravital microscopy. For this 

procedure, mice were anesthetized intraperitoneally with a ketamine/xylazine cocktail. An 

incision was made along the shaved lower abdomen, and the femoral vein was cannulated 

with polyethylene tubing (PE10) filled with heparinized saline (25 U/ml). The mice were 

kept warm on a heating pad for the remainder of the experiment and both eyes were 

moistened with PBS. Prior to intravital microscopy, the pupil of the left eye was dilated with 

a drop of Tropicamide Ophthalmic Solution USP 1% (Falcon Pharmaceuticals.; Ft. Worth, 

TX) followed with one drop of Gonak™ Hypromellose Ophthalmic Demulcent Solution, 

2.5% (Akorn; Lake Forest, IL), with the eye then covered with a five-mm circular glass 

coverslip. Fluorescein isothiocyanate (FITC)-dextran infusion through the femoral vein 

allowed the identification of the retinal arterioles (filling first) and venules (filling last).

Lee et al. Page 3

Exp Eye Res. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.4 Immunoblot analysis

Excised retinas were lysed by RIPA buffer (Thermo Fisher Scientific, Waltham, MA) for 

preparation of whole protein lysates. After incubation on ice for 20 min, and centrifugation 

at 10,000g for 20 min, the supernatant was collected and kept at −80°C until used. Protein 

concentrations in the supernatants were determined by bicinchoninic acid assay (Thermo 

Fisher Scientific). Aliquots of protein were denatured with Laemmle sample buffer (Bio-

Rad, Hercules, CA) containing 2.5% β-mercaptoethanol (Bio-Rad) for 10 min at 100°C. 

Equal volumes of protein were separated by sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis and transferred onto a nitrocellulose membrane. The membrane was then 

blocked with protein-free T20 blocking solution (Thermo Fisher Scientific) for 1 h. The 

membranes were incubated with primary antibodies (HIF-1α and VEGFa, abcam, 

Cambridge, CA). The primary antibodies of HIF-1α and VEGFa were diluted in TBST to 

1:500 (v/v) and 1:1,000 (v/v), respectively. The blots were treated with horseradish 

peroxidase conjugated goat anti-rabbit IgG or anti-mouse IgG secondary antibodies 

(1:10,000 in TBST (v/v), Jackson ImmunoResearch Laboratories, West Grove, PA) for 2 h, 

and immune complexes were detected using Clarity western enhanced chemiluminescence 

substrate (Bio-Rad). Densitometric analysis of the data obtained from at least three 

independent experiments was performed using a ChemiDoc Image acquisition system (Bio-

Rad) and ImageJ (v1.52a, NIH, Bethesda, MD). Relative levels of protein expression were 

normalized with β-actin (Santa Cruz Biotechnology, Dallas, TX) detected from the same 

membrane.

2.5 Retinal hypoxia

To examine retinal hypoxia, a Hypoxyprobe kit (Hypoxyprobe, Burlington, MA) was used 

as described in the manufacturer’s protocol. Briefly, the mice were administrated with 60 

mg/kg of pimonidazole hydrochloride by intraperitoneal injection. After 4 h, as a positive 

control, the left common carotid artery (CCA) was exposed through a midline cervical 

incision under anesthesia, with the CCA tied with silk suture for occlusion (CCAO). The 

right CCA was also exposed, but remained unoccluded to serve as a contralateral control. 

The incision was thereafter closed with a suture. After 30 min, the eyes were collected. For 

the METH protocol, the mice were injected with 60 mg/kg of pimonidazole hydrochloride 

for 4 h before anesthesia, with the eyes collected under anesthesia just prior to euthanasia. 

One retina was lysed in RIPA for whole protein extraction and the other fixed in 4% 

paraformaldehyde (v/v) for whole retinal flatmounts. Retinal levels of hypoxia were 

analyzed by the formation of pimonidazole adducts with a specific primary antibody 

detected on the nitrocellulose membrane and in whole retinal flatmounts. The relative level 

of pimonidazole adducts was normalized by total protein level measured with REVERT 

Total Protein Stain kit (LI-COR Biosciences, Lincoln, NE).

2.6 Statistics

Statistical analyses were performed using GraphPad Prism (GraphPad, La Jolla, CA) 

software. Student t-tests were used to compare the group means. All data are presented as 

mean ± standard error, with *P < 0.05 considered statistically significant.
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3. Results

To identify the effect of METH on retinal vascularity, the fixed retina was stained with 

GSL-1 and total retinal vascular length per unit area was analyzed with AngioTool (Fig 1). 

The vessel length density of mid-peripheral retina (Fig 1A) in the METH-treated group at 

Day 5 (47.6±2.4 mm/mm2, number (N)=3) and Day 12 (52.2±1.0 mm/mm2, N=5) were not 

significantly different from the saline-treated group at Day 5 (46.9±2.1 mm/mm2, N=3) and 

Day 12 (49.9±1.2 mm/mm2, N=5). However, the vessel length density at Day 26 was 

significantly increased by METH administration (55.8±1.5 mm/mm2, P<0.05, N=5), 

compared with saline-treated group (47.7±2.1 mm/mm2, N=5). The vessel length density of 

the peripheral retina (Fig 1B) was also significantly increased by METH administration at 

Day 26 (43.7±0.4 mm/mm2, P<0.001, N=4), compared with the saline-treated group 

(40.5±0.3 mm/mm2, N=4). The vessel length densities of the peripheral retina were not 

changed by METH administration at Day 5 (39.7±0.6 vs 39.9±0.8 mm/mm2, N=3) or Day 

12 (40.4±0.3 vs 40.6±0.6 mm/mm2, N=3).

We additionally quantified the number of perfused retinal arterioles and venules using 

intravital microscopy with an infusion of FITC-dextran through the femoral vein. The 

number of venules did not change due to METH administration at Day 26 (an average of 5.3 

venules/retina in both METH and control groups). However, as shown in Fig 2, the average 

number of arterioles per venule increased from a value of 1.02 ± 0.02 (N=7) in controls to 

1.22 ± 0.05 with METH (N=7; p<0.01) at Day 26. In 6/7 control mice, the number of 

arterioles was equal to the number of venules; however, in 6/7 METH mice, the number 

arterioles exceeded the number of venules.

We also examined the protein expression level of retinal VEGFa, which is a key mediator of 

retinal and choroidal angiogenic diseases among the VEGF family. At Day 5, the protein 

expression level of VEGFa in the retina was not changed in the METH-treated group 

compared with the control group (Fig 3A). However, retinal VEGFa protein expression in 

the METH-treated group was significantly increased 2.4-fold (N=5, p<0.05) at Day 12 (Fig 

3B) and 3.1-fold (N=6–8, p<0.05) at Day 26 (Fig 3C), compared with controls, indicating 

that METH administration elevates retinal VEGF levels.

Low tissue oxygen in the retina stimulates VEGF signaling and promotes vascularization 

(Penn et al., 2008). To determine the extent of retinal hypoxia, we quantified the level of 

pimonidazole adducts formed in the retina, with and without METH administration. As a 

positive control, the detection of pimonidazole adduct formation under hypoxia in the retina 

was confirmed by the immune reaction of the primary pimonidazole antibody with whole 

retinal protein lysates (Fig 4A) and using a retinal flatmount (Fig 4B) after common carotid 

artery occlusion for 30 min. As shown in Fig 5, the formation of pimonidazole adducts in the 

retina was significantly increased 2.9-fold (N=3, p<0.05) by METH administration at Day 

12 (Fig 5B), compared with the control group. At Day 26 (Fig 6), pimonidazole adduct 

formation was also significantly increased 5.8-fold (N=4, p<0.01) with METH 

administration, compared with the control group (Fig 6B). In retinal flatmounts, the 

immunoreactivities of pimonidazole adducts (red) were increased in the retinas of METH 
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mice at Day 12 (Fig 5C) and Day 26 (Fig 6C), compared with the control groups, indicating 

METH-induced retinal hypoxia.

With the finding of METH-induced retinal hypoxia, we further examined the retinal protein 

expression level of HIF-1α, which is activated by tissue hypoxia. As shown in Fig 7, the 

protein expression level of HIF-1α in the METH retina was significantly increased 2.3-fold 

(N=5, p<0.001) at Day 12 (Fig 7A and B) and 5.3-fold (N=8, p<0.001) at Day 26 (Fig 7C 

and D) compared with the control groups.

4. Discussion

Long-term METH users have been reported to have the ocular consequences of CRAO, 

ischemic retinopathy, and retinal neovascularization (Anderson and Sung, 2003; Guo et al., 

2019), with the mechanisms of METH-induced retinal angiogenesis yet to be explored. In 

this study, we found that the retinas of mice treated with METH for 26 days showed 

evidence of retinal angiogenesis with an increased number of arterioles and vascular density. 

We also found increased retinal hypoxia in mice given METH for 12 and 26 days, with the 

METH-induced retinal hypoxia the likely stimulus for retinal angiogenesis, with potential 

disadvantages for retinal function. As a highly metabolic tissue, the retina requires a 

constant vascular supply; however, a dense vascular network anterior to the photoreceptors 

would interfere with light absorption, with the outer retina receiving most of its oxygen from 

the choroid. Regression of retinal capillaries occurs in oxygen-induced (hyperoxia) 

retinopathy animal models (Iizuka et al., 2015), with subsequent retinal neovascularization 

following restoration of normoxia (Madan and Penn, 2003).

Retinal blood flow is an important determinant of inner retinal oxygenation, as shown by 

oxygen tensions near 0 mmHg in the inner retina following laser-induced occlusion of the 

retinal microcirculation (Yu et al., 2007). The retinal vasculature is vulnerable to METH-

induced complications, with ocular manifestations of METH including retinal vasculitis, 

vasoconstriction, ischemia, and occlusion of the CRA (Anderson and Sung, 2003; Guo et al., 

2019; Hazin et al., 2009; Kumar et al., 2006; Shaw et al., 1985; Wijaya et al., 1999), with the 

CRA responsible for supplying the inner retina. Lack of blood supply by the CRAO 

typically presents an acute visual loss (Cugati et al., 2013), but also causes 

neovascularization (Mason et al., 2015). Moreover, ocular neovascularization occurs up to 2 

years after the CRAO diagnosis (Mason et al., 2015). Occlusions can occur due to platelet 

and leukocyte adhesion leading to thrombi, with these adhesive events in some 

circumstances enabled by loss of the endothelial glycocalyx. In our previous study, we found 

a METH-induced loss of the endothelial glycocalyx molecules syndecan-1 and glypican-1 

from the retina and CRA (Lee et al., 2020).

Irrespective of occlusive events, retinal blood flow may decrease with METH administration 

through vasoconstriction. Although we did not measure either retinal blood flow rate or 

occlusion events in our mice administered with METH, a group of patients who used METH 

prior to traumatic brain injuries showed decreased cerebral blood flow (O’Phelan et al., 

2013), and an in vivo study with acute METH administration in C57BL/6 mice has shown a 

decrease of cerebral blood flow (Polesskaya et al., 2011). Extrapolation of these previous 
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reports could suggest that lower blood flow rate with METH administration might cause 

retinal hypoxia, which is present in our METH mouse model.

HIF-1α, a transcriptional regulator for angiogenic genes including VEGF, is an oxygen 

sensor (Wang and Semenza, 1993). In normal oxygen levels, HIF-1α is ubiquitously 

degraded by hydroxylation of its proline residues. However, with low oxygen, the pathway 

of HIF-1α degradation is suppressed and cellular protein levels of HIF-1α are increased 

(Hurst, 2016; Wang and Semenza, 1993). Our findings of increased levels of HIF-1α protein 

in the retina of METH-treated mice at Day 12 and Day 26 are consistent with the 

measurements of retinal hypoxia induced by METH. Once HIF-1α is activated, it promotes 

the expression of target genes such as VEGF. The mechanism of hypoxia inducing increases 

in HIF-1α and VEGF, which then stimulates angiogenesis, is well-established in retinal 

degenerative diseases including retinopathy of prematurity, aged-related macular 

degeneration, and diabetic retinopathy, which are leading causes of visual loss. Suppression 

of HIF-1α decreases retinal VEGF levels and neovascularization in an in vivo oxygen-

induced retinopathy model (Lin et al., 2011), which mimics retinopathy of prematurity and 

diabetic retinopathy. With increased HIF-1α in the retina following administration of METH 

for 12 and 26 days in our current study, levels of VEGF were substantially elevated.

VEGF signaling regulates endothelial proliferation and vascular development. The growth 

factor has a major role in retinal neovascularization in retinal degenerative diseases and 

therefore, anti-VEGF therapies are used to suppress retinal neovascularization and recover 

visual function (Tah et al., 2015). In addition, VEGF is associated with a loss of barrier 

proteins, and increases of adhesion molecules and matrix metalloproteinases (Lee et al., 

2017). Moreover, VEGF is a chemoattractant for leukocytes, including monocytes and 

macrophages (Nakao et al., 2012), via the VEGF receptor 1 (Sawano et al., 2001). With its 

ability to promote monocyte/macrophage infiltration into the retina, excessive levels of 

VEGF are also associated with retinal inflammation (Lee et al., 2017; Penn et al., 2008). 

Anti-VEGF antibody treatment reduces leukocyte trafficking in the retina (Nakao et al., 

2012), which could suppress retinal inflammation. It is possible that the elevation of VEGF 

in the retina following METH administration may play a major pathogenic role in METH-

induced retinal angiogenesis and retinopathy.

In conclusion, we observed METH-induced retinal angiogenesis (increased numbers of 

arterioles and vascular density), with associated increases in hypoxia, HIF-1α, and VEGF. 

To our knowledge, this is the first study of in vivo retinal hypoxia and angiogenesis by 

chronic METH administration. The mechanisms of hypoxia/HIF-1α/VEGF by METH may 

represent a potential target for addressing METH-induced retinopathy.
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Abbreviations

CCA Common carotid artery

CCAO common carotid artery occlusion

CRA central retinal artery

CRAO central retinal artery occlusion

FITC Fluorescein isothiocyanate

GSL-1 griffonia simplicifolia lectin I

HIF-1α Hypoxia-inducible factor 1-alpha

METH methamphetamine

PBS phosphate-buffered saline

PECAM-1 platelet endothelial cell adhesion molecule-1

VEGF vascular endothelial growth factor
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Highlights

• Chronic methamphetamine administration induces retinal angiogenesis in 

mice.

• Methamphetamine causes retinal hypoxia.

• Methamphetamine activates HIF-1α/VEGF signaling in the retina.
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Figure 1. 
Effect of METH on retinal vascularity. Fixed eyes were stained with GSL-1 and flat 

mounted for microscopic photographs. Graphs provide total retinal blood vessel length per 

unit area as measured by AngioTool, with N=3–5 per group. Panels A, mid-peripheral retina; 

B, peripheral retina. Scale bar = 100 μm. *p<0.05 and ***p<0.001 vs saline-injected 

controls.
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Figure 2. 
A. Number of retinal arterioles per venule in control (saline-) and METH-injected mice at 

Day 26. N=7 per group. **p<0.01. B. Example of arteriolar and venular filling of 

fluorescent dye to determine the number of primary arterioles (filling first; numbered A1-

A7) and venules (filling subsequently).
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Figure 3. 
Effect of METH on protein expression of VEGFa in the retina. VEGFa protein expression in 

the retina at Day 5 (A, N=3 per group), Day 12 (B, N=5 per group), and Day 26 (C, N=6–8 

per group) was examined by immunoblot. The relative protein expression level of VEGFa 

was normalized to β-actin expression using ImageJ. *p<0.05 vs saline-injected controls.
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Figure 4. 
Detection of retinal hypoxia. As a positive control, retinal hypoxia induced by CCAO in 

mice was detected with formation of pimonidazole (Hypoxyprobe) adducts in retinal lysates 

on nitrocellulose membranes (A). The fixed eyes were stained with Hypoxyprobe primary 

antibody (red) and GSL-1 (green) and dissected and flat mounted for microscopic 

photographs (B).
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Figure 5. 
Effect of METH on hypoxia in the retina at Day 12. Pimonidazole (Hypoxyprobe) adducts 

from retina whole lysates were detected on nitrocellulose membrane (A). The relative 

pimonidazole adduct level was normalized to total protein using Image J (B). *p<0.05 vs 

saline-injected controls; N=3. The fixed eyes were stained with Hypoxyprobe primary 

antibody (red) and GSL-1 (green) and dissected and flat mounted for microscopic 

photographs (C). Scale bar = 1 mm.
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Figure 6. 
Effect of METH on hypoxia in the retina at Day 26. Pimonidazole (Hypoxyprobe) adducts 

from retina whole lysates were detected on nitrocellulose membrane (A). The relative 

pimonidazole adduct level was normalized to total protein using Image J (B). *p<0.05 vs 

saline-injected controls; N=4. The fixed eyes were stained with Hypoxyprobe primary 

antibody (red) and GSL-1 (green) and dissected and flat mounted for microscopic 

photographs (C). Scale bar = 1 mm.
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Figure 7. 
Effect of METH on protein expression of HIF-1α in the retina, examined by immunoblot. 

The relative protein expression level of HIF-1α was normalized to β-actin expression using 

ImageJ. (A) Day 12 (N=5), (B) Day 26 (N=8). ***P < 0.001 vs saline-injected controls.
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Table 1.

Schedule of methamphetamine administration of four injections per day over an approximate four-week 

period.

Day
METH (mg/kg)

1 2 3 4

1 0 0 0 0

2 1 1 2 2

3 3 3 4 4

4 5 5 5 5

5 6 6 6 6

6 - - - -

7 - - - -

8 0 0 0 0

9 3 3 4 4

10 5 5 5 5

11 6 6 6 6

12 6 6 6 6

13 - - - -

14 - - - -

15 0 0 0 0

16 3 3 4 4

17 5 5 5 5

18 6 6 6 6

19 6 6 6 6

20 - - - -

21 - - - -

22 0 0 0 0

23 3 3 4 4

24 5 5 5 5

25 6 6 6 6

26 6 6 6 6
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Table 2.

Animal information

Total body weight (g) Saline

Saline METH

I Day 0 (N=3) 29.1±0.8 28.8±0.6

Day 5 (N=3) 28.7±0.7 28.0±0.7

II Day 0 (N=8) 29.1±0.6 29.0±0.8

Day 12 (N=8) 27.2±0.5 27.6±0.4

III Day 0 (N=19) 28.3±0.5 28.1±0.6

Day 26 (N=19) 27.1±0.4 27.3±0.4
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