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Enhancing Localization of AAV
True Gas-Tight System for Precision Drug Delivery

APPLICATION NOTE

A 2023 study was conducted using an inhibitory DREADDS (Designer Drugs Exclusively Activated by Designer Receptors) virus 
carrying the inhibitory DREADDS receptor and florescent reporter (AAV5-hSyn-hM4D(Gi)-mCherry) or a control virus carrying a 
florescent reporter (AAV5-hSyn-eGFP) to target anterior dorsal thalamic neurons (ADN). The ADN has been shown to play a notable 
role in driving accurate spatial representations, projecting head direction information to update place cell representations of space 
via the hippocampus. Proper localization was critical to appropriately assess the relationship between the ADN and the CA1 of the 
hippocampus during spatial navigation, before, during and after silencing of the thalamic structure.

Using a competitor 10µL syringe with a needle (non-insertable to the syringe barrel body), showed significant inconsistency in 
delivering AAV vectors across a sample of C57BL/6J mice (n = 29) versus AAV delivery utilizing World Precision Instruments’ NanoFil™ 
Gas-Tight Syringe system (n = 32). Using the competitor syringe, marketed as gas-tight, was found to carry about 10µL of dead volume 
between its coupling mechanism between the plunger to needle base. The NanoFil™ system was identified as having zero dead 
volume, where the needle inserts directly into the syringe barrel for a true gas-tight system. 

Using the competitor syringe model, the success rate of AAV localization to the ADN was about 28%, where 8 out of 29 subjects 
showed positive ADN localization. 21 of the total subjects either showed complete leakage of the viral vector, unilateral expression, or 
total absence of positively tagged neurons. All priming and loading steps remained consistent between use of the competitor syringe 
model versus the NanoFil™ Gas-Tight Syringe system. Success rate of AAV localization using the NanoFil™ syringe resulted in an 87% 
success rate of localized vector into the ADN, where 28/32 subjects showed positive localization of AAV to the ADN—a roughly 59% 
increase in targeting success using the NanoFil™ Gas-Tight system. 

Fig. 1—Expression of Fluorescent Reporter in Anterior Thalamic Nuclei (ADN): 
hM4Di Localization. Histological verification of bilateral infusion of experimental 
DREADD virus AAV5-hSyn-hM4D(Gi)-mCherry placement into the anterior thalamic nuclei 
using a NanoFil 10µL syringe (World Precision Instruments, LLC). Arrowheads indicate the 
bi-lateral localization of the fluorescent tag in the anterior dorsal region of the thalamus 
(-2.50mm V). 50µm slice, -1.01mm from bregma.

Fig. 2—Expression of Fluorescent Reporter in Anterior Thalamic Nuclei (ADN): 
eGFP Localization. Histological verification of bilateral infusion of control AAV5-
hSyn-eGFP placement into the anterior thalamic nuclei using a NanoFil 10µL syringe 
(World Precision Instruments, LLC). Arrowheads indicate the bi-lateral localization of the 
fluorescent tag in the anterior dorsal region of the thalamus (-2.50mm V). 50 µm slice, 
-0.98mm from bregma.

Fig. 3—Off-Target eGFP Expression of Fluorescent Reporter in Anterior 
Thalamic Nuclei. eGFP subject that was included in the study displaying viral leakage 
during histological analysis. Occurring in the hippocampal region, leakage of viral vector 
using a popular competitor gas-tight syringe, with ~10µL dead volume. While anterior 
dorsal thalamus had been targeted, a majority of control virus had dispensed superiorly 
into hippocampus. 50 µm; -0.92mm from bregma.

Fig. 4—Off-Target eGFP Expression of Fluorescent Reporter in Anterior 
Thalamic Nuclei. eGFP subject that was included in the study displaying viral leakage 
during histological analysis. Occurring in the hippocampal region, leakage of viral vector 
using a popular competitor gas-tight syringe, with ~10µL dead volume. While anterior 
dorsal thalamus had been very minimally targeted, a majority of the control virus had 
dispensed superiorly into hippocampus. 50 µm; -0.94mm from bregma.
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Conclusions
Although there was some success using the competitor syringe system, the inconsistency of the performance makes for extended 
study timelines due to the failure rate of placement, primarily with the compromised gas-tight design. WPI’s NanoFil™ Gas-Tight 
Injection System has a specific design made for a completely gas-tight, vacuum-like environment to be established with its contact of 
needle-to-plunger. The NanoFil™ needles insert directly into the syringe barrel, making 1:1 contact between the syringe plunger and 
needle base—creating a virtually zero dead volume system. The control and precision of low-volume sample delivery is considerably 
improved with this design, and permits for accelerated application timelines, as well as decreased failure rates for desired sample 
localization. While many competitors claim to boast a gas-tight design, it is critical to consider the design of the syringe versus needle 
coupling mechanism when choosing the best injection system for your application. Try WPI’s NanoFil™ Gas-Tight Injection System for 
results you can trust, time and time again. 
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