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Abstract: We present a robust, fresh-frozen approach to immunohistochemistry (IHC), without
committing the tissue to IHC via fixation and cryopreservation while maintaining long-term stor-
age, using LiCor-based infrared (IR) quantification for sensitive assessment of TH in immunore-
acted midbrain sections for quantitative comparison across studies. In fresh-frozen tissue stored up
to 1 year prior to IHC reaction, we found our method to be highly sensitive to rotenone treatment
in 3-month-old Sprague-Dawley rats, and correlated with a significant decline in rotarod latency-
to-fall measurement by approximately 2.5 fold. The measured midbrain region revealed a 31% lower
TH signal when compared to control (p<0.01 by t test, n=5). Bivariate analysis of integrated TH
counts versus rotarod latency-to-fall indicates a positive slope and modest but significant correla-
tion of R?>=0.68 (p<0.05, n=10). These results indicate this rapid, instrument-based quantification
method by IR detection successfully quantifies TH levels in rat brain tissue, while taking only 5 days
from euthanasia to data output. This approach also allows for the identification of multiple targets
by IHC with the simultaneous performance of downstream molecular analysis within the same an-
imal tissue, allowing for the use of fewer animals per study.

Keywords: neurodegeneration; dopamine; L-DOPA; dopaminergic; DBA; Western; IR; TH; Parkin-
son disease

1. Introduction

Rotenone is a mitochondrial complex I inhibitor which produces systemic inflamma-
tion [1], alpha-synuclein deposition [2], microglial activation [3] and loss of motor coordi-
nation and tyrosine hydroxylase (TH) positive neurons [4] in the substantia nigra (SN),
recapitulating human Parkinson's disease [5-7] much like other models [8-13]. However,
rotenone develops a robust PD phenotype [14-17]. Rotenone has disadvantages in han-
dling and storage because of its toxicity and chemical instability thus it has a short shelf
life [18].

Dopamine (DA) production is rate-limited by tyrosine hydroxylase (TH) [19]. Do-
paminergic neurons of the SN are tonic and their function is dependent upon the post-
synaptic receptor [20-24]. The high biosynthetic activity and mitochondrial dependence
of DA production lends itself to rotenone sensitivity [25-29], while dysfunction leads to
the motor deficits of PD [30-32]. The rotarod instrument is used to measure motor coor-
dination in laboratory animals and correlates with TH loss [33-35].

Our aim was to study a rodent model of parkinsonian using a sensitive and auto-
mated quantification method. The method presented here is robust because of the nature
of IR detection, having a wide linear range, and is fast and impartial due to the data col-
lection being performed by an instrument [36].

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

The procedure presented here avoids dedicating the entire rat brain tissue to im-
munohistochemical analysis, allowing for multiple biochemical quantifications to be per-
formed in the same animal. This procedure also reduces the time required to preserve and
prepare the rat brain tissue prior to immunohistochemical analysis by avoiding immer-
sion fixation and sucrose cryopreservation prior to sectioning.

Rats were randomly assigned to groups of Untreated, Vehicle-treated, and Rote-
none-treated followed by pre-screening of their performance on a rotarod machine at a
constant 5 rpm, as some could not be trained to perform on the rotarod, either escaping
or failing to properly negotiate the rotarod. Outlier performers on rotarod were excluded
from the study.

Using the Rotarod (Harvard Apparatus, LE-8305, Holliston, MA), animals were as-
sessed for motor coordination at day 14 using the Stanford Behavioral and Functional
Neuroscience Rotarod Protocol Version 4.0 [33-35]. Animals were acclimated to rotarod
for 60 second monitoring at constant 5 rpm. Using the Stanford protocol to quantify motor
coordination, animals were placed on rotarod at an initial 4 rpm with a constant accelera-
tion over 300 seconds until reaching maximal 40 rpm. Latency to fall and speed at fall
(rpm) were recorded for each animal. The rotarod apparatus was cleaned after each ani-
mal trial and the procedure was repeated for each animal three to five times with at least
15 minutes between each trial.

Rotenone as prepared for injection in this procedure has a shelf life of less than one
week. To minimize waste while ensuring reactivity, we chose to prepare stock solutions
of rotenone every 3 days. Rotenone was prepared every 3 days as a 50X stock diluted in
100% dimethyl sulfoxide DMSO (Sigma, D8418-100mL, St Louis, MO) then diluted to a
final concentration of 2.8 mg/mL in 10 mL injection solution every 2 days using 100% me-
dium chain triglyceride solution Miglyol-812N. The solutions were ensured sterile by fil-
tration with a 0.22 um filter (Millex, PRO3691, Cork, Ireland) and 10 cc syringe (BD,
309604, Franklin Lanes, NJ) to create the final injection solution in sterile 4 mL amber au-
tosampler vials.

Daily intraperiotoneal injections were then performed for 14 consecutive days. Un-
treated animals were not injected throughout the experiment. With a %2 mL syringe (Bec-
ton Dickinson BD, 305620, Franklin Lanes, NJ), the vehicle-treated group was injected
with 2% DMSO in Miglyol-812N and the rotenone group was injected with a dose of 2.8
mg/kg (1 mL/kg) rotenone in 2% DMSO in Miglyol-812N solution daily intraperitoneally
(IP lower right quadrant) for 14 consecutive days.

The morning after the 14th day of treatment, animals were placed under deep anes-
thesia with 5% isoflurane using isoflurane vaporizer (Vet Equip, VE0615, Livermore, CA)
with O2 generator (Pureline, 12219508, Clackamas, OR) scavenged on activated charcoal
(Vet Equip, 931401, Livermore, CA), and followed by decapitation by guillotine. Brains
were removed and prepared for sectioning followed by both immunohistochemistry and
Western blotting procedures. For our Western blotting procedures, alpha-tubulin
(Sigma, St. Louis, MO, USA; T9026) was used as a loading control.

All animal procedures described in this study were approved by the University of
Central Florida, Institutional Animal Care and Use Committee (IACUC, A4135-01) accred-
ited by Assessment and Accreditation of Laboratory Animal Care (AAALAC). Male, 3-
month-old CD Sprague-Dawley rats (Charles River Laboratory, Catalog #24100534) were
housed at room temperature (20 + 2°C) under 12-hr light and dark cycles. The initial pilot
study contained 2 animals per group as described. no differences in the untreated and
vehicle groups were observed, thus they were pooled as the control group (CT). A second
experiment added one more untreated animal to the CT group, and 3 more animals to the
RO group, thus 5 animals for CT and 5 animals for RO, for a total of 10 animals used for
the study.

Waste rotenone, animal bedding and feces, and rotenone treated animal carcasses
were disposed of according to the University of Central Florida, Environmental Health
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and Safety Guidelines due to rotenone toxicity. Chemicals not specifically stated were at
least molecular biology grade and purchased from Sigma (St Louis, MO).

Statistical comparisons were performed using SPSS version 25 (64-bit edition) (IBM,
Armonk, NY, USA). Unless otherwise noted, one-tailed unpaired Student’s t tests were
performed to determine statistical significance between the CT and RO groups, defined
by a p-value < 0.05.

2.1. Materials

¢ Rotenone (Sigma, St. Louis, MO, USA; R8875)
e 100% dimethyl sulfoxide DMSO (Sigma, St. Louis, MO, US; D8418-100mL)
e 100% medium chain triglyceride solution Miglyol-812N (IOI Oleochemicals, Hamburg, DE)
e Buffered-Formalde-Fresh (Fisher Chemical, Fair Lawn, NJ, USA; SF93-4)
o TBS:
o 137mM NacCl (Sigma, St Louis, MO, USA; S7653-1kg)
o 20 mM Trizma-base (Sigma, St Louis, MO, USA; T1503-500G)
o Adjusted to a pH of 7.6 with HCI (Sigma, St Louis, MO, USA; 320331-500mL)
e 10 mM trisodium citrate (Fisher Scientific, Fair Lawn, NJ, USA; 5279-500)
e 0.05% Tween-20 (Sigma, St Louis, MO, USA; P9416-50mL)
e 0.1% Triton X-100 (Sigma, St Louis, MO, USA; T8787-50mL)
e Odyssey Block Buffer TBS-based OBB (LiCor, Lincoln, NE, USA; 927-50000)
¢ Mouse monoclonal anti-Tyrosine Hydroxylase (Sigma St. Louis, MO, USA; MAB318)
e Goat anti-Mouse antibody-800nm (LiCor, Lincoln, NE, USA; 925-32210)
e Alpha-tubulin (Sigma, St. Louis, MO, USA; T9026)
e Hank's Balanced Salt Solution (ThermoFisher Scientific, Waltham, MA, USA; 14025126)
e  OCT (Thermofisher Scientific, Waltham, MA, USA; 23-730-571)
e Isopentane (Thermofisher Scientific, Waltham, MA, USA; 02-002-082)
e cOmplete Protease Inhibitor Cocktail (Sigma, St. Louis, MO, USA; 11836153001)
o Pierce Phosphatase Inhibitor Cocktail (ThermoFisher, Waltham, MA, USA; A32957)
e Pierce Rapid Gold Assay (ThermoFisher, Waltham, MA, USA; A53225)
o 7.5% TGX gel (BioRAD, Hercules, CA, USA; 456-1023)

2.2. Equipment

e 0.22 um filter (Millex, Cork, Ireland; PRO3691)
e 10 cc syringe (BD, Franklin Lanes, NJ; 309604)
e YAmL syringe (Becton Dickinson BD, 305620, Franklin Lanes, NJ)
e Rotarod (Harvard Apparatus, Holliston, MA, USA; LE-8305)
e Odyssey imaging system (LI-COR Biosciences, Model 9120, Lincoln, NE, USA)
o Li-Cor Odyssey software (Ver. 2.1.15)
e Superfrost +/plus slides (ThermoFisher Scientific, Pittsburg, PA, USA; 12-550-15)
e Drierite dessicant without indicator (Fisher Scientific, Fair Lawn, NJ, USA; 7778-18-9)
e Super PAP Pen (Biocare Medical, Pacheco, CA, USA; PEN1111)
e Isoflurane vaporizer (Vet Equip, Livermore, CA, USA; VE0615)
e 2 generator (Pureline, Clackamas, OR, USA; 12219508)
e Activated charcoal (Vet Equip, Livermore, CA, USA; 931401)
¢ 1 mm (Stoelting Co, Wood Dale, IL, USA; 51388) 3. Procedure

2.3.1. Prepare Solutions. Time for Completion: 30 Minutes

1. Prepare a Homogenization Buffer in 10 mL of distilled water:

a. 20 mM Tris Ph8
b. 150 mM NaCl
c. 2mM EDTA
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d. 1% SDS

e. 1 tab cOmplete Protease Inhibitor Cocktail (Sigma, St. Louis, MO, USA; 11836153001)

f. 1 tab Pierce Phosphatase Inhibitor Cocktail (ThermoFisher, Waltham, MA, USA; A32957
2. Prepare a stock solution of20 mM Trizma-base TBS solution, pH 7.6 in 1 L distilled water:

a. 137 mM NaCl

b. 20 mM Trizma-base

c. Adjust toapH of 7.6 with HCl

2.3.2. Euthanasia & Brain Dissection. Time for Completion: 30 Minutes

3. Perform euthanasia using 5% isoflurane overdose and decapitation by guillotine.

4. Open the skull by inserting the tips of the Adson 2/1 forceps into the foramen magnum and removing the parietal
bones laterally.

5. Cut the cranial nerves on the ventral side of the brain.

6.  Place the brain in 4°C child Hank’s Balanced Salt Solution for washing.

7. Place the brain supine in a pre-cooled 4°C stainless steel brain coronal matrix mold with slots separated at 1 mm
intervals to normalize brain slices with razor blades.

8. Locate the cerebral peduncles in the ventral view and take a 2 mm section beginning at their anterior extent (cor-
responding approximately to Bregma -5.2 to -5.6 mm).

9. 4\ CRITICAL STEP Remove the SN of the right hemisphere for Western blotting (refer to “3.3. Tissue Prepara-
tions for Western Immunoblot” below) and place in 200 uL ice cold homogenization buffer (refer to “3.1. Prepare
Solutions” above).

10. Prepare to section the remaining brain tissue by placing it on cork, covering with OCT (Thermofisher Scientific,
Waltham, MA, USA; 23-730-571), snap-freezing in isopentane (Thermofisher Scientific, Waltham, MA, USA; 02-
002-082), then store it at -80°C until use (refer to section “3.5. Brain Tissue Sectioning” below).

2.3.2. Tissue Preparation for Western Immunoblot. Time for Completion: 45 Minutes

11. Homogenize the tissue removed SN from section “3.2” with 20 strokes in a frosted glass Tenbroek tissue grinder
until visibly homogeneous.

12. Centrifuge the homogenate to remove cellular debris.

13. Quantify crude protein homogenates for equal loading using Pierce Rapid Gold Assay (ThermoFisher A53225,
Waltham, MA) following the manufacturer’s instructions.

14. Resolve 8 ug of homogenate on a 7.5 % TGX gel (BioRAD, 456-1023), transfer to PVDF (polyvinylidene fluoride),
and immunoblotted (as described in section “3.4. Western Immunoblot”).

2.3.4.  Western Immunoblot. Time for Completion: 6:00 Hours

15. Block the membrane by incubating in Odyssey Block Buffer TBS-based OBB (LiCor, Lincoln, NE, USA; 927-50000)
for 1 hour at room temperature (approximately 25°C)

16. Incubate with 1:1000 mouse monoclonal anti-Tyrosine Hydroxylase antibody (Sigma, St. Louis, MO, USA;
MAB318) in 1:1 TBS:OBB-TBS for 1 hour at room temperature.

17. Wash three times in TBS with gentle agitation on a rocker for 10 minutes each at room temperature.

18. Incubate with 1:4000 Li-Cor goat anti-mouse antibody-800nm (LiCor, Lincoln, NE, USA; 925-32210) in 3:1 TBS:OBB-
TBS for 3 hours at room temperature with gentle agitation on a rocker.

19. Wash three times in TBS with gentle agitation on a rocker for 10 minutes each at room temperature.

20. Image the membrane using an Odyssey imaging system (LI-COR Biosciences, Lincoln, NE, USA; Model 9120).

2.3.5.  Brain Tissue Sectioning. Time for Completion: 1:00 Hours per brain, depending on regions of interest.

21. Remove the brain tissue from storage at -80°C and store in dry ice prior to sectioning.
22. Section on cryostat at 20 um at -15°C and place on Superfrost +/plus slides.
a. OPTIONAL STEP Place sections from four separate animals on the same slide for direct com-
parison.
b. 4\ CRITICAL STEP A solvent barrier is required around the border of the slides in the stain-
ing section (“3.6. TH Immunohistological Staining” below), so be careful not to place tissue
sections close to the edge.
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23. Store slides in a sealed container with Drierite dessicant in a -80°C freezer until Immunohistochemical Staining
(refer to section “3.6. TH Immunohistological Staining”).

2.3.6.  TH Immunohistological Staining. Time for Completion: 3 Days

24. Remove slides from -80°C storage and, prior to opening the sealed desiccant container, allow the container to equil-
ibrate to room temperature (for approximately 2 hours).

25. Create a solvent barrier on the edge of the slide using a Super PAP Pen (Biocare Medical, Pacheco, CA, USA;
PENT1111).

a. A\ CRITICAL STEP If tissue is too close to the edge of the slide, trim it by scraping it away
with a razor prior to this step.

26. Incubate slides for 1 minute at room temperature with Buffered-Formalde-Fresh (Fisher Chemical, Fair Lawn, NJ,
USA; SF93-4)

27. Wash for 30 seconds in TBS.

28. Perform antigen retrieval overnight at 4°C in 10 mM trisodium citrate (Fisher Scientific, Fair Lawn, NJ, USA; S279-
500) with 0.05% Tween-20 (Sigma, St. Louis, MO, USA; P9416-50mL) adjusted to a pH of 6 with HCL

29. Wash 3 times for 20 minutes each in TBS with 0.1% Triton X-100 (Sigma, St. Louis, MO, USA; T8787-50mL)

30. Wash for 20 minutes with TBS.

31. Incubate for 1 hour at room temperature with Odyssey Block Buffer TBS OBB (LiCor, Lincoln, NE, USA; 927-50000).

32. Wash for 20 minutes with TBS.

33. Incubate overnight at 4°C in a humidity chamber with the primary anti-tyrosine hydroxylase monoclonal antibody
(EMD Millipore, Burlington, MA, USA; MAB318) at 1:1000 in 1:1 OBB:TBS.

34. On the next day, wash 3 times for 20 minutes each in TBS.

35. Incubate for 3 hours at room temperature in a humidity chamber with the secondary antibody (Goat anti-Mouse
antibody-800nm, LiCor, Lincoln, NE, USA; 925-32210) at 1:4000 dilution in 3:1 TBS:OBB.

36. Wash 3 times for 20 minutes each in TBS.

37. Wash in sterile-filtered tap water for 5 minutes.

38. Dry tissue for 1 hour prior to imaging (see section “3.7. Imaging and Quantitation” below).

2.3.7.  Imaging and Quantitation. Time for Completion: 45 Minutes

39. Place slides in Li-Cor Odyssey scanner and perform quantification according to manufacturer’s instructions.
40. Use a resolution of 21 um at the highest quality with an offset of 1 mm from the scanner surface and an intensity
setting of five. Excite the tissue fluorescence at 685 nm and 785 nm, and detect signal at 800 nm.
41. Trace the SN (and/or ventral tegmental area, VTA) as the region of interest (ROI) using free-hand tracing and
quantitate the signal after scanning.
a. A\ CRITICAL STEP Copy free-hand tracing ROI to unstained tissue to subtract background
within the software.
b. Choose sections for quantification by visualization of the oculomotor nerve root between the
SN and VTA +/- 200 pm, corresponding approximately to Bregma -5.2, -5.4, and -5.6 mm ante-
rior-posterior.
42. Measure multiple sections per animal and report as averages or data based on a specific anterior-posterior offset
from Bregma according to your protocol.
43. OPTIONAL STEP Store slides at 4°C for re-imaging as needed. In our hands, sections minimal signal decay up to
1 year in storage under these conditions.

3. Results

Motor coordination assessment by rotarod is illustrated in Figure 1. Latency-to-fall
measurements indicate rotenone treatment (RO) results in a 2.5 fold lower rotarod perfor-
mance when compared with control (CT). (61.0 + 8.2 vs. 173 + 15 seconds, *p<0.01, n=5,
mean = SEM). No significant differences were found in untreated vs. vehicle-treated rats,
(data not shown) thus they were pooled as CT.
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Figure 1. Motor assessment by rotarod. Latency-to-fall indicates a 2.5 fold lower rotarod perfor-
mance (RO) compared with control (CT). (61.0 + 8.2 vs. 173 + 15 *p<0.01, n=5, mean + SEM)

Rotenone treatment suggests a loss of tyrosine hydroxylase (TH) in the midbrain as
shown (Figure 2). Homogenates of the SN were assessed by TH immunoblot suggesting
a loss of TH in rotenone-treated animals (RO) when compared with control (CT), (repre-
sentative data, Figure 2B) (CT = 564333+117282, RO = 140500+26600, (mean+SE), p=0.0360
by one-tailed t test, n=3 right-hemispheres/group). The resultant quantification of TH-im-
munosignal in the midbrain indicates lower TH signal in the midbrain of RO animals
when compared with CTs (representative images, 3 animals per group, Figure 2C). Anti-
body specificity is suggested by human recombinant TH block (TH Block) and reactivity
with secondary antibody alone (2°) (Figure 2C). The region of interest (ROI, yellow, upper
panel of Figure 2C) defined the area of measurement for IR signal (Figure 2D) performed
at a digital magnification of 1.5x. Numerical counts of the TH IR signal indicate 31%
lower TH signal in RO animals when compared to controls (3.32 + 0.13 vs. 4.78 + 0.34 x
106, *p<0.01, n=5, Figure 2E; scale bars = 2 mm).
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Figure 2. Rotenone treatment correlates with loss of TH detection in the midbrain. (A) Schematic
of regions studied: substantia nigra pars compacta (SNpc, gold), SN pars reticulata (SNpr, ma-
genta), and ventral tegmental area (VTA, blue, adapted from [37]). (B) SN homogenates assessed
by TH immunoblot suggests a loss of TH with rotenone treatment (RO) when compared with con-
trol (CT), (representative data). (C) TH immunoreactivity in midbrain and quantification indicates
aloss in TH signal primarily in the midbrain of RO animals (representative images, 3 animals per
group). Antibody specificity confirmed by human recombinant TH block and 2° antibody staining
alone. (D) 1.5x digital magnification of the upper panel in (C) defines the ROI (yellow) for the
measurement of IR signals. (E) TH IR signal quantification indicates 31% lower TH signal in RO
animals compared to controls (3.32 + 0.13 vs. 4.78 + 0.34 x 106, *p<0.01, n=5). Scale bars = 2mm.

Bivariate analysis of TH IR 800nm signal was performed against rotarod latency-to-
fall (Figure 3). Linear regression analysis of the data set yields a slope of 12120 and y-
intercept of 3 x 10¢indicating a modestly positive, significant correlation of the data set
with the estimated regression line (R? = 0.68, F=15.5, p<0.05, by two-way ANOVA, n=10).
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Figure 3. Bivariate analysis of TH IR 800 nm signal against motor coordination measurement by
rotarod latency to fall. Linear regression analysis of the data set, yields the equation y=12120x+(3 x
10°), indicating a positive slope, a modest correlation of the data set with the estimated regression
line, and 2-way ANOVA analysis indicates the relationship is significant (R? = 0.68, F=15.5, p<0.05,
n=10)

4. Discussion

Several reports have quantified relative tyrosine hydroxylase levels using near-infra-
red detection as part of a larger study [38-42]. However, the lesions were all produced
differently from this report. The most common inducer was 6-OHDA injected directly into
a region of the nigrostriatal pathway [38-40]. One study employed rAAV overexpression
of a-synuclein [42] and another report performed a functional block/agonist approach of
the histamine H1 receptor [41]. While we provide functional correlation between motor
coordination and TH levels, these studies did not report correlative data on physiological
or functional outcomes with TH levels. Here, we describe, for the first time, IR detection
of the quantity of TH after rotenone induction.

Many important differences between our approach and previous studies involve
how the brain tissue is processed. The studies cited above applied near-IR detection to
traditional pre-processing involving transcardial perfusion fixation followed by a long
step of immersion fixation (taking up to 7 days [40]). Fixation is followed by cryopreser-
vation in sucrose (for a period of days, often reported as complete when the specimen
sinks) prior to producing thick (40-50 uM) free-floating sections for staining [38,42]. These
steps commit the tissue to histological visualization only, precluding homogenization and
molecular approaches. The method we report here accomplishes the same task without
fixation, making it distinct in the efficiency and flexibility it provides. In fewer steps, we
present in this study an additional tool to assess TH in a method resulting in less time to
complete experiments and without concerns of error or subjectivityfrom intra- and inter-
observer variability. Notably, the method presented here using near-IR detection is dis-
tinct from other sources because the processing prior to staining is fast and flexible. Fur-
thermore, valuable tissue is saved using 20 pm sections as opposed to thicker sections
required by the free-floating section approach. Also, we did not perform transcardial per-
fusion fixation, allowing us to pursue further molecular studies as demonstrated by the
TH Western blot (Figure 2B) performed on the same animal in which we performed im-
munohistochemical analysis, providing verification of the potential for two different
methods from the same animal as a proof-of-concept. However, the gross anatomical dis-
section we performed for Western blot analysis is not equivalent to the precise ROI-tracing
possible in the LiCor quantification. Because of the gross nature of this dissection for West-
ern, please note that these results are not directly comparable. Western was intended
merely as a validation of the potential for analysis of multiple endpoints through different
methodologies in the same animal.
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Our present method circumvents the weeks of post-processing by using our fresh
frozen approach, where the specimen remains frozen continuously until the section con-
tacts the slide at room temperature, at which time it desiccates within about 20-30 seconds.
This rapid desiccation serves some of the same purposes as the traditional sucrose-medi-
ated cryopreservation step. During long-term storage at -80°C, we found that we could
still detect robust differences in TH levels when comparing RO to CT up to 1 year after
harvest from tissue blocks and 6-9 months from fresh frozen mounted slides. The data
from tissue treated in this manner indicate that our method sufficiently preserves the spec-
imens to detect differences in TH signal.

We have presented near-IR detection of TH derived from a gross, anatomy-traced
format, which may be considered a limitation of the method. Our quantitation included
the anatomically adjacent ventral tegmental area, but researchers may choose to limit their
anatomical analysis to different regions or nuclei using the same approach. Future ad-
vances to this methodology might employ a second target for multiple outcome measures
or a control protein that might provide a measure for ratiometric normalization. Concep-
tually comparing our method to DAB detection of TH in the SNpc and Str, near-IR detec-
tion has a greater linear range of detection compared DAB detection due to the enzymatic,
exponential nature of DAB, suggesting that the presented near-IR methodology is more
capable of detecting subtle changes in TH levels, such as at the early stages of cellular
stress; however, future studies are needed to address which detection methods are more
statistically sensitive and appropriate for specific study endpoints. Our use of the out-
bred Sprague-Dawley rats was intentional, as the inter-animal variability represents the
variability in the human population. With our technique, we report significant differences
with an n=5 per group in this out-bred rat model. Refinement of the molecular target and
anatomical regions and nuclei for future studies could benefit different study aims. The
effects of long-term storage and tissue handling reported here on the detection of other
targets are also not quantified. We have explored the detection of other targets with some
success detecting CD11b, a pan microglial marker, in these same tissues using a fluores-
cence detection approach (data not published). Remarkably, we have also had some suc-
cess detecting microglial markers by fluorescence approaches on tissues that have already
been processed for near-IR TH studies (data not published). If successful in these re-stain-
ing approaches, it will be possible to use tissue previously stained and detected by near-
IR for re-staining with immunofluorescent antibodies by epifluorescence microscopy.
With this advance in the technique, researchers have the capability to study a multitude
of targets dependent only upon the number of near-IR and fluorescent probes available
for each tissue per slide, allowing researchers to address more questions with fewer tissue
sections and possibly with smaller cohorts of animals.

5. Conclusions

The methods present in the present provide an automated method of quantifying
expressed TH levels in sectioned rat brain tissue. We report that the presence of TH signal
correlates with motor coordination and show that immunohistochemical detection of TH
enzyme by IR-linked secondary antibody may provide a useful measure. We achieve sta-
tistical significance with only 5 animals per group, indicating the statistical power of the
method using a method without subjective assessment. Our data is presented as its raw
output, without normalization or transformation, and so can be directly compared with
other studies that use the technique. The presented fresh frozen section approach allows
for multiple methodologies in the same tissue, and the time from animal euthanasia to
data output can be completed in roughly 5 working days. Furthermore, the fresh frozen
tissues presented in this study have been under long-term storage conditions for up to
one year prior to immunoreaction and quantification. Once scanned, the saved images can
be presented as raw data that can be quantified independently using reported settings to
mitigate irreproducibility in reported immunohistological endpoint determination. Using
this method also allowed us to reduce the number of animals used while measuring
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multiple endpoints. We invite other investigators to validate our approach and to expand
its use to other model systems.
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