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Abstract
Intracerebroventricular (ICV) administration through cannulas is a direct way to deliver large molecules and 
substances that are blocked by the blood-brain barrier into the central nervous system (CNS). It is widely used in 
brain studies on monkeys. However, this method is invasive, as it requires guide cannulas to be implanted into the 
brain. Whether the long-term implantation of the cannula and the administration of molecule-delivering vehicles, 
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usually saline, can affect the brain by inducing chronic CNS inflammation or even worse brain atrophy, remains an 
issue to be solved. To answer this question, we investigated inflammatory markers and brain structures on three 
vehicle-control monkeys who received cannula implantation and one-year ICV saline administration in another 
study. During the experiment, the monkeys’ cerebrospinal fluid (CSF) samples were collected periodically, and the 
level of three classic inflammatory markers (IL-1β, IL-6, and TNF-α) were measured by electrochemiluminescence 
immunoassay. The monkeys’ brain structures were imaged in vivo periodically by 9.4 Tesla magnetic resonance 
imaging, which can provide the best-resolution magnetic resonance images of living monkeys, and the volume of 
the hippocampus was measured to evaluate the brain atrophy. The data reveal that, during the administrating 
period, the long-term levels of the inflammatory markers in the CSF and the volumes of the hippocampus did not 
change significantly compared with the baseline. These results suggest that the long-term ICV administration of 
saline through cannulas did not induce chronic neuroinflammation or brain atrophy in these rhesus monkeys, 
suggesting chronic ICV administration via implanted cannulas is a reliable method in monkey brain research.
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The central nervous system is protected by the blood-brain barrier (BBB), which is a semipermeable 
structure composed of tight endothelial junctions to provide a physical barrier for the entry of large 
molecules[1]. It restricts circulating toxic particles but facilitates nutrients to be delivered into the brain. 
Meanwhile, some therapeutic substances and test articles are also blocked by the BBB[2]. 
Intracerebroventricular (ICV) injection physically breaches the BBB and enables the direct administration 
of large molecules, including chemicals, virus vectors, and therapeutic substances, into the central nervous 
system (CNS) through pre-implanted guide cannulas. Studies on the distribution of injected large molecules 
revealed that large molecules including adenovirus vectors and proteins can spread into the subarachnoid 
space, meninges, and choroid plexus along with the flow of the CSF and diffuse into the brain parenchyma 
adjacent to these sites[3-5]. Although this method is an effective way to deliver molecules into the CNS, it is 
invasive and could affect the brain in many ways.

One major concern in chronic cannula-guided ICV administration comes from the implantation of the 
guide cannulas. To ease the repeated ICV injection, one or two guide cannulas must be implanted into the 
lateral ventricles. Drugs or test articles are injected into the lateral ventricles via the guide cannulas without 
repeated penetration of the brain parenchyma. The implantation of guide cannulas causes acute brain 
injury. It is well established that an acute brain injury induces acute inflammation in the brain, which is one 
important step in the repair of the injury. However, it is not clear if long-term implantation of cannulas can 
induce chronic neuroinflammation.

Chronic neuroinflammation is a persistently activated immune response in the CNS, which is always 
marked by sustained release of pro-inflammatory cytokines, including interleukins, tumor necrosis factor-α 
(TNF-α), transforming growth factor-β (TGF-β), and interferon-γ (IFN-γ)[6, 7]. Pro-inflammatory cytokines 
exert various functions in neuroinflammation, including induction of chemokines and adhesion molecules 
and recruitment of the peripheral immune cells into the CNS, leading to neuronal apoptosis and activation 
of the glial cells[6]. Increasing evidence suggests that cytokine-mediated neuroinflammation plays an 
important role in initiating or deteriorating neurodegenerative diseases[8-10]. Clinical evidence reveals that 
the pro-inflammatory cytokines are elevated in the body fluid of individuals with neurodegenerative 
diseases, including Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral sclerosis[11-13]. 
Therefore, if cannula-based ICV administration can induce chronic neuroinflammation, the results of 
studies on brain diseases and mechanisms would be seriously confounded, and the application of this 
method would be seriously limited.
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Non-human primates are phylogenetically closer to humans than rodents. They share with humans many 
brain regions, circuits, and neural cells, which are critical for higher cognitive capacity. Thus, monkeys are 
widely used in the study of brain diseases and mechanisms, including in CNS disease modeling with ICV 
administration[14-16]. Unfortunately, no study on whether cannula-based ICV administration can induce 
chronic neuroinflammation in monkeys has been reported thus far.

To investigate if long-term cannula implantation and ICV saline administration can induce chronic 
neuroinflammation in monkeys, the levels of three most studied pro-inflammatory cytokines (IL-1β, IL-6, 
and TNF-α) in the CSF of three vehicle-control monkeys used as vehicle-control in another study were 
continuously monitored during one-year cannula-guide ICV saline administration [see Supplementary 
Materials for more method details]. The measurement of IL-1β, IL-6, and TNF-α in the CSF was carried out 
by an electrochemiluminescence immunoassay system, which has an extremely low detection limit in the 
measurement of biomarkers in body fluid.

The levels of CSF IL-1β, IL-6, and TNF-α were measured at 12 weeks before the administration (the 
baseline) and the 4, 9, 14, 19, 24, 29, 34, and 39 weeks after the administration [Figure 1A]. Kruskal-Wallis 
H test revealed the effect of ICV saline administration on the average levels of IL-1β and IL-6 was not 
significant (P = 0.597 for IL-1β, P = 0.112 for IL-6, Figure 1B and C). The levels of CSF TNF-α were around 
the low detection limit, and no meaningful statistics could be applied. The data for TNF-α are not shown. In 
summary, the results reveal that there was no elevated CSF IL-1β, IL-6, or TNF-α during the administration, 
which suggests there was no significant neuroinflammation during the ICV saline administration.

In addition, we also investigated whether there was any brain atrophy caused by long-term cannula 
implantation and ICV administration, considering reports on brain atrophy induced by traumatic brain 
injury and neuroinflammation[17-19]. The structures of the monkeys’ brains were imaged periodically by 
magnetic resonance imaging (MRI) (see Supplementary Materials for more method details). To increase the 
accuracy in the measurement of hippocampus volumes, the monkeys’ brains were scanned by a 9.4 Tesla 
MRI system, which provides the highest resolution structural images currently available on living monkeys.

The measurement was carried out one week before the administration (the baseline) and 4, 9, 14, 19, 25, 31, 
37, 43, and 49 weeks after administration [Figure 2A]. First, longitudinal MR images from the same subject 
were realigned to examine general structural changes in the brain. No significant brain atrophy was 
observed on MR images from each time point compared with the baseline [Figure 2B]. Then, the volume of 
the hippocampus was calculated to evaluate the atrophy in the brain because it is one of the most vulnerable 
structures in the brain and has a clear contour on MR images. Kruskal-Wallis H test revealed that the effect 
of ICV saline administration on the average volumes of total hippocampus was not significant (P = 0.775, 
Figure 2C). We further compared the average volumes of the left and right hippocampus independently. 
Kruskal-Wallis H test also revealed that the difference between each time point in the volumes of the left 
and right hippocampus were both not significant (P = 0.770 for the left hippocampus, P = 0.606 for the right 
hippocampus, Figure 2D and E). In summary, the results from the ultra-high-resolution MRI scan revealed 
that there was no reduction in the volume of the hippocampus, which suggests there was no significant 
atrophy in the brain.

Here, we demonstrate that, compared with the baseline, there was no elevated IL-1β or IL-6 in the CSF of 
the three cannula implanted monkeys during 1-year ICV saline administration, suggesting that the cannula-
guided long-term ICV administration technique did not induce chronic neuroinflammation in the 
monkeys. The other finding that there was no significant decrease in hippocampus volumes supports this 
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Figure 1. (A) The schedule of CSF sample collection. Cannula implantation was carried out in Week 11. ICV administration began in 
Week 1. CSF samples were collected in Weeks 12, 4, 9, 14, 19, 24, 29, 34, 39, 44, and 49. CSF sample collected at Week -12 was taken as 
the baseline. (B,C) Kruskal-Wallis H test revealed no significant difference between different time points in the average levels of CSF IL-1
β (P = 0.597) and IL-6 (P = 0.112). Data are presented as mean ± standard deviation (SD). CSF: Cerebrospinal fluid; ICV: 
intracerebroventricular.

conclusion.

To increase the accuracy of the measurement of inflammatory cytokines in the body fluid, an advanced 
detection method was employed in this study. Inflammatory cytokines in the body fluid exert their 
physiological functions at low levels, and many of them are usually below the low detection threshold under 
physiological conditions using common enzyme-linked immunosorbent assay kits[20]. Advanced techniques 
are developed to detect the cytokines in the body fluids, with much higher detection sensitivity and smaller 
specimen volumes. Among the newly developed assay techniques, the MSD multiplex immunoassay 
platform represents a combination of electrochemiluminescence and patterned arrays with an ultra-low 
detection limit, which is also one of the most used methods in the measurement of cytokines in body fluids 
nowadays. The detection sensitivity can reach 0.1 pg/mL for some cytokines using this method. The 
reliability of this method was validated in three recent studies, which proved that this method had a high 
detection rate for most of the cytokines and displayed a moderate-to-excellent intra-individual 
variability[21-23]. In our experiment, the detection rate was 100% for IL-1β and IL-6, but only 60% for the 
TNF-α, which indicates that the level of TNF-α in the CSF of monkeys under physiological conditions was 
extremely low.

The hippocampus is one of the most vulnerable structures in the brain under many conditions such as 
injury, aging, and neurodegenerative diseases[24], and it is lying in the inferior horn of the lateral ventricle, 
directly affected by ICV administration. Due to the vulnerability and clear contour in MR images, the 
hippocampus volume was taken as an indicator of brain atrophy in this study. To investigate if ICV saline 
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Figure 2. (A) Schedule of MRI scans. Cannula implantation was carried out in Week -11. ICV administration began in Week 1. MR images 
were acquired in Weeks 1, 4, 9, 14, 19, 25, 31, 37, 43, and 49. MR images acquired in Week -1 were taken as the baseline. (B) 
Representative MR images show there was no significant brain atrophy in Week 49 when compared with the baseline (Week 11). (C-E) 
Kruskal-Wallis H test revealed no significant difference between different time points in the average total hippocampus volumes (P = 
0.775), the average left hippocampus volumes (P = 0.770), and the average right hippocampus volumes (P = 0.606). Data are 
presented as mean ± standard deviation (SD). MRI: Magnetic resonance imaging; ICV: intracerebroventricular.

administration can induce atrophy, ultra-high magnetic field MRI was employed to image the brain. The 
fact that we did not find any decrease in the hippocampus volumes strongly suggests no brain atrophy in the 
monkeys’ brains, which also supported the conclusion that there was no significant inflammation in the 
brain.

Taken together, our results reveal that long-term cannula implantation and ICV administration of drug-
vehicle do not induce chronic neuroinflammation and brain atrophy in rhesus monkeys, which suggests 
that chronic ICV administration is a reliable method for brain studies on monkeys.
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