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 ITEM RECOMMENDATION Section/ 
Paragraph 

Title 1 Provide as accurate and concise a description of the content of the article 
as possible. 

      

Abstract 2 Provide an accurate summary of the background, research objectives, 
including details of the species or strain of animal used, key methods, 
principal findings and conclusions of the study. 

      

INTRODUCTION  

Background 3 a. Include sufficient scientific background (including relevant references to 
previous work) to understand the motivation and context for the study, 
and explain the experimental approach and rationale. 

b. Explain how and why the animal species and model being used can 
address the scientific objectives and, where appropriate, the study’s 
relevance to human biology. 

      

Objectives 4 Clearly describe the primary and any secondary objectives of the study, or 
specific hypotheses being tested. 

      

METHODS  

Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (e.g. 
Animal [Scientific Procedures] Act 1986), and national or institutional 
guidelines for the care and use of animals, that cover the research. 

      

Study design 6 For each experiment, give brief details of the study design including: 

a. The number of experimental and control groups. 

b. Any steps taken to minimise the effects of subjective bias when 
allocating animals to treatment (e.g. randomisation procedure) and when 
assessing results (e.g. if done, describe who was blinded and when). 

c. The experimental unit (e.g. a single animal, group or cage of animals). 

A time-line diagram or flow chart can be useful to illustrate how complex 
study designs were carried out. 

      

Experimental 
procedures 

7 For each experiment and each experimental group, including controls, 
provide precise details of all procedures carried out. For example: 

a. How (e.g. drug formulation and dose, site and route of administration, 
anaesthesia and analgesia used [including monitoring], surgical 
procedure, method of euthanasia). Provide details of any specialist 
equipment used, including supplier(s). 

b. When (e.g. time of day). 

c. Where (e.g. home cage, laboratory, water maze). 

d. Why (e.g. rationale for choice of specific anaesthetic, route of 
administration, drug dose used). 

      

Experimental 
animals 

8 a. Provide details of the animals used, including species, strain, sex, 
developmental stage (e.g. mean or median age plus age range) and 
weight (e.g. mean or median weight plus weight range). 

b. Provide further relevant information such as the source of animals, 
international strain nomenclature, genetic modification status (e.g. 
knock-out or transgenic), genotype, health/immune status, drug or test 
naïve, previous procedures, etc. 
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Housing and 
husbandry 

9 Provide details of: 

a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or 
housing; bedding material; number of cage companions; tank shape and 
material etc. for fish). 

b. Husbandry conditions (e.g. breeding programme, light/dark cycle, 
temperature, quality of water etc for fish, type of food, access to food 
and water, environmental enrichment). 

c. Welfare-related assessments and interventions that were carried out 
prior to, during, or after the experiment. 

      

Sample size 10 a. Specify the total number of animals used in each experiment, and the 
number of animals in each experimental group.  

b. Explain how the number of animals was arrived at. Provide details of any 
sample size calculation used. 

c. Indicate the number of independent replications of each experiment, if 
relevant. 

      

Allocating 
animals to 
experimental 
groups 

11 a. Give full details of how animals were allocated to experimental groups, 
including randomisation or matching if done. 

b. Describe the order in which the animals in the different experimental 
groups were treated and assessed. 

      

Experimental 
outcomes 

12 Clearly define the primary and secondary experimental outcomes assessed 
(e.g. cell death, molecular markers, behavioural changes). 

      

Statistical 
methods 

13 a. Provide details of the statistical methods used for each analysis. 

b. Specify the unit of analysis for each dataset (e.g. single animal, group of 
animals, single neuron). 

c. Describe any methods used to assess whether the data met the 
assumptions of the statistical approach. 

      

RESULTS  

Baseline data 14 For each experimental group, report relevant characteristics and health 
status of animals (e.g. weight, microbiological status, and drug or test naïve) 
prior to treatment or testing. (This information can often be tabulated). 

      

Numbers 
analysed 

15 a. Report the number of animals in each group included in each analysis. 
Report absolute numbers (e.g. 10/20, not 50%2). 

b. If any animals or data were not included in the analysis, explain why. 

      

Outcomes and 
estimation 

16 Report the results for each analysis carried out, with a measure of precision 
(e.g. standard error or confidence interval). 

      

Adverse events 17 a. Give details of all important adverse events in each experimental group. 

b. Describe any modifications to the experimental protocols made to 
reduce adverse events. 

      

DISCUSSION  

Interpretation/ 
scientific 
implications 

18 a. Interpret the results, taking into account the study objectives and 
hypotheses, current theory and other relevant studies in the literature. 

b. Comment on the study limitations including any potential sources of bias, 
any limitations of the animal model, and the imprecision associated with 
the results2. 

c. Describe any implications of your experimental methods or findings for 
the replacement, refinement or reduction (the 3Rs) of the use of animals 
in research. 

      

Generalisability/ 
translation 

19 Comment on whether, and how, the findings of this study are likely to 
translate to other species or systems, including any relevance to human 
biology. 

      

Funding 20 List all funding sources (including grant number) and the role of the 
funder(s) in the study. 
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	Text2: Abstract/
Purpose: Acetylcholinesterase (AChE) inhibitors have been used for patients with Alzheimer’s disease. However, its pharmacokinetics in non-target organs other than the brain has not been clarified yet. The purpose of this study was to evaluate the relationship between the whole-body distribution of intravenously administered 11C-Donepezil (DNP) and the AChE activity in the normal rat, with special focus on the adrenal glands.
Methods: The distribution of 11C-DNP was investigated by PET/CT in 6 normal male Wistar rats (8 weeks old, body weight = 220 ± 8.9 g). A 30-min dynamic scan was started simultaneously with an intravenous bolus injection of 11C-DNP (45.0 ± 10.7 MBq). The whole-body distribution of the 11C-DNP PET was evaluated based on the Vt (total distribution volume) by Logan-plot analysis. A fluorometric assay was performed to quantify the AChE activity in homogenized tissue solutions of the major organs.
Results: The PET analysis using Vt showed that the adrenal glands had the 2nd highest level of 11C-DNP in the body (following the liver) (13.33 ± 1.08 and 19.43 ± 1.29 ml/cm3, respectively), indicating that the distribution of 11C-DNP was the highest in the adrenal glands, except for that in the excretory organs. The AChE activity was the third highest in the adrenal glands (following the small intestine and the stomach) (24.9 ± 1.6, 83.1 ± 3.0, and 38.5 ± 8.1 mU/mg, respectively), indicating high activity of AChE in the adrenal glands.
Conclusions: We demonstrated the whole-body distribution of 11C-DNP by PET and the AChE activity in the major organs by fluorometric assay in the normal rat. High accumulation of 11C-DNP was observed in the adrenal glands, which suggested the risk of enhanced cholinergic synaptic transmission by the use of AChE inhibitors.
	Text3: Introduction/
Acetylcholinesterase (AChE) is one of the most crucial enzymes in the nervous system. AChE is a tetrameric serine hydrolase that rapidly degrades the neurotransmitter acetylcholine (ACh) into choline and acetate.[1] It is mainly found at the neuromuscular junctions and cholinergic synapses in the central nervous system, where its activity serves to terminate synaptic transmission. Progressive loss of cholinergic neurons is observed in Alzheimer’s disease (AD) patients with severe memory loss and impairment of cognitive function,[2] and AChE inhibitors have been used for such patients to protect against the reduction of acetylcholine in the synapses and to enhance cholinergic activity in the affected regions of the brain.[3] Recently, various types of AChE inhibitors have been used for the treatment of AD, such as donepezil (DNP), galantamine, and rivastigmine.[4] Among these, DNP is the most well-known, with a 15-year history of clinical use in AD patients.
	Text5: Introduction/
The purpose of this study was to evaluate the relationship between the whole-body distribution of intravenously administered 11C- DNP by PET and the activity of AChE in specific organs by fluorometric assay, with special focus on the adrenal glands, in the normal rat.
	Text6: Materials and Methods/
All animal experiments were performed in compliance with the guidelines of the Institute of Experimental Animal Sciences of the Osaka University Graduate School of Medicine. The protocol was approved by the Animal Care and Use Committee of the Osaka University Graduate School of Medicine (Approval number: 20-144-008) and all efforts were made to minimize suffering.
	Text7: Materials and Methods/
Normal male Wistar rats from Japan SLC Inc. (Hamamatsu, Japan) were used for this study. The animals were housed under a 12-h light/12-h dark cycle and had free access to food and water.
	Text8: Materials and Methods/
Six rats (8 weeks old, body weight = 220 ± 8.9 g) were anesthetized with 2% isoflurane plus 100% oxygen and a Terumo 24G indwelling cannula was inserted into the tail vein. PET data were acquired by means of small-animal PET (Inveon PET/CT system, Siemens Medical Solutions, Knoxville, USA).[8] The animals were placed in a feet-first prone position in the PET scanner. 11C-DNP (45.0 ± 10.7 MBq) was administered intravenously via the catheter cannula, and dynamic PET measurements (list-mode acquisition) were started at the same time in two bed positions (axial FOV = 127 mm).
	Text9: Materials and Methods/
Normal male Wistar rats from Japan SLC Inc. (Hamamatsu, Japan) were used for this study. The animals were housed under a 12-h light/12-h dark cycle and had free access to food and water.
	Text10: Materials and Methods/
Normal male Wistar rats from Japan SLC Inc. (Hamamatsu, Japan) were used for this study. The animals were housed under a 12-h light/12-h dark cycle and had free access to food and water.
	Text11: Materials and Methods/
Six rats (8 weeks old, body weight = 220 ± 8.9 g) were anesthetized with 2% isoflurane plus 100% oxygen and a Terumo 24G indwelling cannula was inserted into the tail vein.
	Text12: Materials and Methods/
Six rats (8 weeks old, body weight = 220 ± 8.9 g) were anesthetized with 2% isoflurane plus 100% oxygen and a Terumo 24G indwelling cannula was inserted into the tail vein.
	Text13: Materials and Methods/
Euthanasia was performed by deep inhalation anesthesia after the PET/CT study.
	Text14: Materials and Methods/
Correlations between the two parameters were determined by by Pearson’s rank test for the parametric data and Spearman’s rank test for the non-parametric data, followed by the Shapiro-Wilk test for normal distribution. Probability values of less than 0.05 were considered to denote statistical significance.
	Text15: Materials and Methods/
Normal male Wistar rats from Japan SLC Inc. (Hamamatsu, Japan) were used for this study. The animals were housed under a 12-h light/12-h dark cycle and had free access to food and water.
	Text16: Materials and Methods/
Six rats (8 weeks old, body weight = 220 ± 8.9 g) were anesthetized with 2% isoflurane plus 100% oxygen and a Terumo 24G indwelling cannula was inserted into the tail vein.
	Text17: Results/
The determined values of Vt by Logan plot analysis of the PET images, SUVs at 30 min, radioactivity counts determined by the well counter, and AChE activities determined by fluorometric assay are shown in Table 1. Analysis of the PET images showed that the Vt was the highest in the liver, followed by that in the adrenal glands, stomach, salivary glands, and small intestine. The SUVs at 30 min showed the same trend as the Vt. Well counts after the PET study showed the highest accumulation in the adrenal glands, followed by the pancreas. The AChE activity was the highest in the small intestine, followed by that in the stomach and adrenal glands.
	The relationships among the Vt values, well counts, AChE activities and ACh levels are shown in Fig.3. Significant correlations were observed between the well counts and SUVs at 30 min, AChE activities and ACh levels, whereas no significant relationship was observed between the Vt values and AChE activities.
	Text18: Results/
No adverse events
	Text19: Discussion/
We investigated the distribution of the AChE inhibitor drug DNP by the micro-dose PET technique. The dynamic PET images showed that 11C-DNP was metabolized in the body and excreted via the liver and the kidney. On the 11C-DNP PET images, high accumulation was observed in the excretory organs (liver and kidneys), digestive tract (stomach and small intestine), and glandular organs (adrenal glands, pancreas, and salivary glands). Among these, the highest distribution of 11C-DNP was observed in the adrenal glands, except for that in the excretory organs. Dynamic PET images showed the kidney had the highest accumulation in the early phase (0-5 min) after the administration of 11C-DNP. This distribution is mainly caused by renal blood flow, and uptake in the kidney was immediately excreted into the bladder. This rapid increase and washout pattern in the kidney was usually observed in many PET studies, and not reflecting the specific binding to AChE. A previous study evaluated the pharmacokinetics and tissue distribution after oral administration of 3H-galantamine, an AChE inhibitory drug recently developed for Alzheimer’s disease, and reported the following ratios of the 0–24h area under the curve of tissue to plasma; liver (10.6), kidney (7.47), salivary gland (4.45), adrenal gland (3.32), spleen (2.92), and brain (0.60).[9] These results were consistent with our results, although the tracer and administration method were different.
There were some limitations of this study, especially in relation to the analysis in the PET/CT study and of the metabolites. While setting the ROIs on the PET images, it was difficult to identify the pancreas due to the spillover from the high accumulation in the small intestine. Furthermore, the influence of the partial volume effect is not negligible for small organs, such as the adrenal glands. Measurement of the counts by a well counter was performed after the PET study as a substitute or accurate method to evaluate the accumulation in the adrenal glands and the pancreas. Another limitation was that the accumulation in the small intestine was partly affected by the excretion from the biliary tract into the enterohepatic circulation, which resulted in variable accumulation depending on the position of the excreted radioactivity. Yet another limitation was that the proportions of the metabolites in each organ were not evaluated in this study due to the short half-life of 11C (20 min). The influence of metabolites should be assessed in future studies to clarify the AChE inhibitory effect in each organ from the distribution of 11C-DNP.
	Text20: Discussion/
In the micro-dose PET study, the administered dose of the radiolabeled drug is far below the pharmacological dose.[5] We evaluated the whole-body distribution by a planar imaging system, and no significant difference was observed between the use of a micro-dose of the radiolabeled drug and of the pharmacological dose mixed with non-radiolabeled drug (unpublished data). Therefore, micro-dose PET is useful for the prediction of adverse effects of drugs as it allows determination of the distribution in non-target organs. DNP is an AChE inhibitor which prevents degradation of acetylcholine.[4] Excessive inhibition of AChE might influence cholinergic neurotransmission.[17] In the rat adrenal medulla, inhibition of AChE activity not only enhanced cholinergic synaptic transmission, but also elicited muscarinic receptor-mediated synaptic transmission for epinephrine release.[11] AChE inhibitors might exert serious adverse effects by affecting acetylcholine-induced catecholamine release in the adrenal glands. There are a few reports that AChE inhibitors were associated with QT prolongation and torsades de pointes ventricular tachycardia as well as syncope and bradycardia.[18] These adverse effects might be caused by unstable catecholamine release from the adrenal glands. Adverse cardiovascular effects are less common than other adverse gastrointestinal effects, but they should be considered in the susceptible patients.
	Text21: In Financial Disclosure
	Text1: Title/
Distribution of intravenously administered acetylcholinesterase inhibitor and acetylcholinesterase activity in the adrenal gland: 11C-Donepezil PET study in the normal rat


