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Abstract
Background: One classic traditional Chinese medicine theory is that the “lung
and intestine are exterior-interiorly related”; however, this has not been con-
firmed experimentally. The aim of this study was to provide a biological basis for
the theory by measuring the tissue distribution of andrographolide.
Methods: Acute pneumonia was induced in a mouse model by repeated stimula-
tion with lipopolysaccharide. The distribution of andrographolide in mice was
observed by positron emission tomography (PET) imaging with [18F]-labeled
andrographolide, and changes in the in vivo distribution before and after model-
ing were compared. Subsequently, the consistency of pathological changes in
lung and intestine was confirmed by observation of pathological sections. Finally,
the results were verified by cytokine detection.
Results: The value of organ uptake, pathological changes and inflammatory fac-
tor expression of the lung and intestine were consistent. The concentration of
andrographolide in the lung and intestine increased significantly, and was con-
firmed by pathology and enzyme-linked immunosorbent assays (ELISA).
Conclusions: Micro-positron emission tomography (microPET) can be used to
visually observe the distribution of medicinal ingredients in vivo, and [18F]-
andrographolide can be used as a tool to assess the interior-exterior relationship
between the lung and intestine.

Introduction

The idea that the “lung and intestine are exterior-interiorly
related” originated from “Huang Di Nei Jing”, one of the
important basic theories of Chinese medicine.1 This
ancient Chinese medicine theory means that pathological
changes in the lung and intestine reflect each other.2 These
two organs also influence each other pathologically, and
the pathological state of the lung affects the function of the
intestine. Pulmonary resistance and pulmonary compliance
have been reported to be closely related to rectal resting
pressure in the asthmatic rat model, while rectal resting
pressure was correlated with pulmonary resistance in the
rat model of constipation.3 For example, inflammation in
the lung can cause abnormal bowel function and constipa-
tion, and problems in the physiological processes of the

lung can lead to diarrhea. The outbreak of the new corona-
virus pneumonia (COVID-19) in Wuhan, Hubei Province,
China in December 2019 has attracted great attention at
home and abroad, posing a major challenge to clinical
treatment.4,5 Pneumonia induced by COVID-19 infection
is mainly characterized by fever, weakness and dry cough,
and a small number of patients also experience nasal con-
gestion, runny nose, diarrhea and other symptoms.6,7

Symptoms associated with the respiratory and digestive
systems are of great interest to us.5,8,9 The Chinese medi-
cine method focuses on the relationship between the lung
and intestine during treatment and achieves the purpose of
whole body treatment by rational use of traditional Chi-
nese medicine (TCM).10 However, there are no scientific
methods or suitable compounds to confirm the correlation
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between the physiological function and pathological
changes in the lung and intestine.
Andrographolide (AG) is the main effective ingredient

of Andrographis paniculata (Burm. f.) Nees, which has the
effect of dispelling heat and detoxification, reducing
inflammation and relieving pain, and has a special effect
on bacterial and viral respiratory tract infections and dys-
entery.11 As an important raw material, AG has been made
into tablets, capsules, drop pills and other dosage forms
that are widely used in upper respiratory tract infections,
acute pharyngitis, tonsillitis, bacterial dysentery, and gas-
troenteritis.12,13 Because of the specific distribution and
multitarget nature of AG in vivo, it is possible to use it to
study the functional relationship between the lung and
intestine.
Positron emission tomography (PET) is a new noninva-

sive nuclear medical imaging technique for measuring bio-
logical functions.14 Initially, it was used for human
research, especially blood flow and glucose metabolism in
the heart and brain.15 With research advancements, Micro-
PET has been used in clinical analysis to observe the occur-
rence and development of cancer,16 epilepsy17 and
neurological diseases18 and to guide other new develop-
ments.19 One promising application is that MicroPET can
be used to study the mechanism of action of drugs and
evaluate the effect of drugs through the establishment of
different animal models.20 It can also promote the results
of animal experiments to clinical practice, providing an
important experimental basis for the further use of clinical
pharmacokinetics and clinical pharmacodynamics.21 This
development has important implications for laboratory
and clinical trials.22 In the field of pharmacokinetics, the
use of MicroPET has become more widespread.23 Micro-
PET can observe the distribution of drugs in organs and
tissues in real time, providing a key technique for studying
correlations between the lung and intestine.
In this study, we utilized the acute pneumonia mouse

model and labeled [18F]- AG and then applied MicroPET
to study the distribution of [18F]-AG in mice, collecting
dynamic data for statistical analysis. Pathological and
inflammatory factor analysis were then used to confirm
that the lung and intestine reflected mutual responses. It
was confirmed that AG could be used as a tool to study
the interaction between the lung and intestine, providing a
scientific basis for traditional Chinese medicine (TCM)
theory.

Methods

Reagents and chemicals

AG was purchased from Shilan S&T (Tianjin, China). P-
toluene sulfonyl chloride, pyridine, and tetrahydrofuran

were purchased from Aladdin (Shanghai, China). The
QMA and C18 chromatographic columns were purchased
from Waters Corporation (Milford, MA, U.S.A.).
Kryptofix2.2.2 (K2.2.2) was purchased from ABX Corpora-
tion (Radeberg, Germany). Lipopolysaccharide (LPS) was
purchased from Sigma-Aldrich Corporation (St. Louis,
MO, USA). Human tumor necrosis factor alpha (TNF-α)
was purchased from PeproTech (Rocky Hill, NJ, USA).
The ELISA kits (TNF-α, IL-8) were purchased from Bio-
source International Life Technologies Corporation
(Camarillo, CA, USA). The other reagents used were of
analytical purity. Double distilled water was obtained from
the Millipore filtering system (Tokyo, Japan).

Synthesis of 19-Ts-AG

4-toluene sulfonyl chloride (54 mg, 0.29 mmol) dissolved
in 2 mL pyridine was gradually added to a stirred solution
of AG (1 g, 0.29 mmol) in 20 mL of tetrahydrofuran. The
reaction mixture was allowed to stand for 48 hours at
room temperature. After completion, it was purified by sil-
ica column chromatography to obtain 19-Ts-AG. The gen-
eral synthetic strategy is shown in Fig 1a.

Synthesis of [18F] - AG

The QMA column was rinsed with 10 mL NaHCO3 solu-
tion (0.5 M) and 20 mL water for injection in the correct
order and then blow dried. Next, the C18 column was
rinsed with 10 mL methanol and 20 mL water for injection
in the correct order and then blow dried. Subsequently,
1.5 mL k2.2.2 and 2 mg 19-Ts-AG dissolved in 1.2 mL
anhydrous acetonitrile were added to a 10 mL vial. The
[18F]-water solution passed through the QMA at the pres-
sure of helium gas and was captured by the QMA, and the
measurement activity was 258 mCi. The [18F]− on the
QMA was rinsed into the reaction tube to bind K222 by
nitrogen, and the water was then removed at a temperature
of 110�C for the first time. Then, 2 mL dry acetonitrile was
added to remove the water at 110�C for the second time.
19-Ts-AG was added into the column and incubated for
10 minutes at 95�C. After the reaction was completed,
8 mL ultrapure water was added to the C18 column. The
product was eluted into the product bottle with 2 mL ace-
tonitrile, and the measurement activity was 2.33 mCi. The
stability study of [18F]-AG was performed by testing the
radiochemical purity after the end of synthesis.

Radiopharmaceutical quality control

Radiochemical identity and the purity of [18F]-AG were
assayed by ion chromatography and in-line conduct metric
and g-detectors (930 Compact IC Flex; Waters). The
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chromatographic column was Shodex IC I-524A
(4.6 × 100 mm), and the column temperature was
maintained at 40�C. The mobile phase was 2.5 mM
phthalic acid (pH 4.0) at a flow rate of 1.0 mL/minute.21

The concentration of [19/18F]-AG was assayed by a calibra-
tion curve. With silica gel (silica GF254, 5 x 10 cm; Qingdao
chem. Co.) as the stationary phase and methanol as the
mobile phase for thin layer chromatography (TLC), radia-
tion thin layer scanning was carried out on the plate using
the [18F]-AG peak (Rf = 0.683) to determine the radio-
chemical purity of the product (Fig 1b). A bacterial endo-
toxin assay was performed by Endosafe Portable Test
System (Charles River) with a sensitivity of
0.05–5.0 eu/mL.

Preparation of [18F]-AG

The eluted [18F]-AG was collected in the tube and dried in
a vacuum at 40�C. After 48 hours, [18F] completely deca-
yed to [19F], and the residue was stored at 4�C for subse-
quent determination of anti-inflammatory activity.

Anti-inflammatory assay in vitro

The anti-inflammatory activity of [19F]-AG (F-AG) was
determined according to previously reported methods24

and calculated as the ratio of firefly luciferase activity to
Renilla luciferase activity (internal control).

Animal grouping and administration

Male Kunming mice, weighing 20–25 g, were purchased
from the Experimental Animal Center of Cavensla
(Changzhou, China). A total of 16 mice were randomly
divided into two groups: the control group (Con) and the
model group (Mod). Mice in the control group were fed
standard food and given free access to water without any
treatment. Mice in the model group were given intranasal
(i.n.) LPS at 100 μL per day for three days, which induced
inflammation. During the modeling period, the mice had
free access to food and water. The mice were fasted for
12 hours before administration and subsequent dissection.
For MicroPET imaging and biodistribution studies, mice in
both groups were injected via the tail vein with 200 μL
saline containing 100 μCi radioactive tracers.

MicroPET imaging and data collection

After administration of radioactive tracers, the mice were
scanned with a MicroPET scanner (Focus F-120, Siemens)
at 5, 15, 25, 35, 45, 55, 90, and 120 minutes under anesthe-
sia with 1.5% to 3% isoflurane. MicroPET Manager (ver-
sion 2.4.1.1, Siemens) was used to reconstruct MicroPET
data using the OSEM3D/MAP algorithm (zoom factor,
2.164). The data processing software ASIProvm was used
to draw the organs of each tissue as regions of interest, and
the percentage of radioactive uptake concentration (μCi/mL)
of each region of interest to the injection dose (100 μCi/mL)
was the tissue or organ uptake ratio.

Figure 1 (a) The synthetic strategy of [18F]-AG; (b) Quality control of [18F]-AG.

Thoracic Cancer 11 (2020) 3365–3374 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 3367

Q. Zhang & Q. Cui AG in lung and intestine using MicroPET



Histomorphological observations

The lung and intestinal organs of the mice were harvested
and rinsed with normal saline to remove blood attached to
the organs and dried with filter paper. The organ was then
fixed, dehydrated and embedded in 4% paraformaldehyde
and stained with hematoxylin-eosin (H&E). The
histomorphological changes in tissue sections were
observed under an optical microscope (Precipoint O8,
Germany).

Assay of intestinal permeation

Intestinal permeability was evaluated following a modified
version of Langeʼs method. The proximal intestine was
incised at the junction with the cecum, and the fecal con-
tents in the intestine were washed out gently with PBS.
The proximal intestine and distal rectum were then ligated,
and 0.2 mL of 1.5% (w/v) Evans blue (EB) in PBS was
injected into the lumen of the intestine. After surgery, the
mice were warmed with an incandescent lamp until they
recovered from anesthesia. After 120 minutes of exposure
to EB, the mice were sacrificed by cervical spine disloca-
tion. The intestine was rapidly dissected out, and the
amount of EB that had permeated into the gut wall was
assayed.
The dissected intestine was opened and rinsed three

times in 6 mM acetylcysteine in PBS at room tempera-
ture. The intestine was dried on filter paper at 37�C. The
intestine was then weighed and incubated with 1 mL of
formamide at 50�C for 24 hours. The amount of dye
eluted was estimated with microplate reader (Thermo,
CA, USA) at a wavelength of 655 nm. The amount of EB
permeating the gut wall (μg EB/mg intestine tissue) was
calculated based on the standard curve of EB in
formamide.

Determination of inflammatory factors in
the lung and intestine

The lung and intestinal organs of the mice were
harvested and rinsed with normal saline to remove
blood attached to the tissues and dried with filter
paper. A triploid volume of precooled PBS was added
to the organs, which was ground with a tissue homog-
enizer and kept at 4�C. The tissue homogenate was
centrifuged at 4�C. The levels of TNF-a and IL-8 in
the supernatant were then determined and the absor-
bance of each sample measured at 450 nm using a
microplate reader (Bio-Rad Model 680, Hercules, CA,
USA), following the manufacturer’s instructions
(Biosource International Life Technologies Corporation,
Camarillo, CA, USA).

Results

Biodistribution of [18F]-AG in mice

Structural identification of 19-Ts-AG
The yield of 19-Ts-AG was 39%, and the structure was char-
acterized by 1H NMR and 13C NMR. 1H NMR (DMSO-d6,
300 MHz) δ 0.52 (3H, s), 0.95 (3H, s), 1.14–1.26 (3H, m),
1.31–1.44 (2H, m),1.47–1.57 (1H, m), 1.63–1.75 (2H, m),
1.86 (2H, s), 2.29 (1H, d, J = 12.6 Hz), 2.41 (3H, s), 2.46
(1H, s),3.08–3.21 (1H, m), 3.88–3.99 (1H, m), 4.00–4.08
(1H, m), 4.14 (1H, d, J = 10.0 Hz), 4.32–4.42 (1H, m), 4.61
(1H, s), 4.76–4.97 (2H, m), 5.74 (1H, s), 6.45–6.70 (1H, m),
7.48 (2H, d, J = 8.0 Hz), 7.74 (2H, d, J = 8.3 Hz). 13C NMR
(101 MHz, CDCl3) δ 14.1, 21.6, 22.9, 24.2, 25.4, 27.9, 36.7,
38.0, 39.1, 42.4, 53.9, 55.9, 65.0, 74.8, 76.5, 108.8, 128.1,
130.6, 132.5, 145.3, 146.7, 147.8, 148.4, 170.4.

Quality control
The purity of [18F]-AG of all batches was greater than
98.5%, and the radiochemical purity was 100%. The mean
quality control and SD of the injected [18F]-AG was
12.3 ± 3.83 mg, and the activity at injection was
10.23 ± 3.75 MBq/μg. All batches were free of insoluble
impurities, sterile and free of pyrogen. There were no sig-
nificant changes in vital signs during the experiment.

Biodistribution of [18F]-AG in mice
A typical biodistribution curve of the radiotracer from the
first (five minutes) to the last MicroPET scan
(120 minutes) in the mice is shown in Fig 2. As seen in
Fig 2a in the control group, AG was mainly distributed in
the heart, lung, stomach, liver, kidney and intestine of mice
and gradually decreased with time, indicating that the drug
underwent normal primary metabolism in these organs
and tissues. The drug concentration in the liver increased
first and then decreased, reaching a peak within
15 minutes, indicating that the liver was the main meta-
bolic organ of AG. The drug concentrations in the muscle
and brain were always at the lowest level, indicating that
AG could not penetrate the muscle or blood-brain barrier.
As shown in Fig 2b, the concentrations of

andrographolide in the lung and intestine were significantly
higher in the model group than in the control group.
Comparing the imaging of the two groups (Fig 2c), as

time went on, the radiation intensity of the lungs and
intestine of mice in the model group was significantly
higher than that of the control group, and the radiation
intensity of mice in the model group was continuously
higher than that of other tissues and organs within two
hours. Therefore, the main uptake of AG was in the lung
and intestine, which had specific distribution.
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NF-κB inhibitory activity of F-AG
The NF-κB inhibitory activity of F-AG was tested after
complete decay of the radioactive element. F-AG and AG
were respectively added to HEK 293T cells already acti-
vated by TNF-α, and its activity determined (Fig 3a). High
concentrations (10−4 M) of F-AG and AG showed signifi-
cant inhibition of NF-κB activity, which was similar to that
of the positive control drug (Dex, 10 μmol/L). At medium
concentrations (10−5 M), they also showed significant
activity, while the anti-inflammatory activity of F-AG was
weak at low concentrations (10−6 M). Due to its pharma-
cological action and dose dependence, F-AG has a similar
anti-inflammatory activity to AG; thus, it can be used as

an approximately equivalent compound to study the distri-
bution of AG in the lung and intestine.

Changes in tissue distribution after modeling
The lungs of mice were scanned at different time points to
record the radiation intensity and mapped with Prism Gra-
phPad 5. Variation in the uptake of each organ was com-
pared after modeling, as shown in Fig 3b. The elevation of
intestine was the most significant, at two times that of the
control group. The uptake of lung was also significantly
increased, at 1.5 times that of the control group. Interest-
ingly, there were no significant changes in other organs.
This indicates that AG can be specifically distributed in the

Figure 2 Biodistribution of [18F]-AG. (a) Organ uptake (expressed as a percentage of the injected dose) for [18F]-AG over time in the control group.
(b) Organ uptake (expressed as a percentage of the injected dose) for [18F]-AG over time in the model group ( ) Brain ( ) Heart ( ) Lung
( ) Liver ( ) Kidney ( ) stomach ( ) intestine ( ) muscle. (c) Whole body biodistribution of [18F]-AG over time.
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lung and intestine and indicates the correlation between
the lung and intestine. The lung radiation intensity of the
model group was significantly higher than that of the con-
trol group, as shown in Fig 3c. The same method was then
used to compare the radiation intensity of the intestine,
which was again higher in the model group than in the
control group (Fig 3d).

Histopathological changes of the lung

Morphology of the lung
In the control group, the lung tissue boundaries were clear
and complete, the alveolar morphology was uniform, no
obvious exudation or congestion was observed in the alve-
olar wall, the thickness of the alveolar interstitium was

moderate, and there were few secretions or inflammatory
cells in the bronchial lumen (Fig 4a).
In the model group, the lung tissue was severely dam-

aged, and the borders were not clear or intact. The number
of alveoli had decreased significantly, the alveolar wall was
thickened, and some inflammatory cells significantly infil-
trated the alveolar cavity. Epithelial detachment of the
bronchial mucosa resulted in a large number of tissues,
inflammatory cells, and red blood cells visible in the
lumen, as shown in Fig 4b.

Inflammation of the bronchi
Compared with the control group, there was a significant
difference between the model group and the control group
(P < 0.001), and the proportion of bronchial inflammatory

Figure 3 The uptake in organs. (a) Confirmation of NF-κB inhibition activity of F-AG by the luciferase reporter assay system. Each bar represents the
means ± SEM, n = 6 per group. **P < 0.01 versus control group; ***P < 0.005 versus control group. (b) Changes in the absolute value of each organ
after modeling. ( ) Control ( ) Model. (c)The lung uptake in the control and model group. ( ) Control ( ) Model. (d) The intestine uptake in
the control and model groups. ( ) Control ( ) Model.
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infiltration was significantly increased, as shown in Fig 4b.
This suggests that mice have fewer functioning bronchi
and limited lung function.

Changes in the lung index
The lung index in the model group (Mod) was significantly
higher than that in the control group (Con), with a statisti-
cally significant difference (P < 0.001), as shown in Fig 4c.
This suggests that LPS causes inflammatory lesions in the
lungs of mice, and inflammatory exudation causes weight
gain in the lungs.

Histopathological changes of the intestine

Morphology of the intestine
The intestinal tissues in the control group had intact
mucosa and uniform folds. There was no obvious

inflammatory exudate, the vascular course was clear, and
there was no obvious ulceration. The intestinal wall was
uniform, and the intestinal cavity space was large. There
was no significant inflammatory proliferation, glandular
proliferation, or polyp formation, as shown in Fig 5a.
In the model group, the intestinal tissues of the mucosal

folds disappeared, and hyperaemia and oedema were exfo-
liated. Mucous membrane inflammation exudates
increased, and a pleomorphic shallow ulcer was formed.
The intestinal wall thickened, and the lumen narrowed sig-
nificantly. The glands were disorganized and had various
inflammatory cell infiltrates, as shown in Fig 5b.

Changes in intestinal permeability
Compared to that in control mice, the amount of EB that
had permeated into the intestinal wall increased significantly

Figure 4 Histopathological changes of the lung. (a) H&E staining of
the lung in the control group. (b) H&E staining of the lung in the model
group. (c) Statistics of the proportion of injured bronchi. (d) Statistics of
the lung index. **P < 0.01 versus control group; ***P < 0.005 versus
control group.

Figure 5 Histopathological changes of the intestine. (a) HE staining of
the intestine in the control group. (b) HE staining of the intestine in the
model group. (c) The permeation of EB into the gut wall from the
lumen in the intestine after 120 minutes of exposure in the control and
model groups. (d) Statistics of the proportion of injured intestinal villi.
(e) Statistics of the thickness of the wall of the intestine. *P < 0.05 ver-
sus control group; ***P < 0.005 versus control group.
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(Fig 5c). The amount of EB in the model group was approx-
imately twice as high as that in the control group. The mean
amount of EB that had permeated into the intestinal wall in
the control group was 0.685 μg/mg, while the mean amount
in the model group was 1.687 μg/mg.

Pathological changes of intestinal villi
The villi morphology of the model group (Mod) and the
control group (Con) changed significantly. Less than 20%
of the villi were shed in the control group, while 60% of
the villi were shed in the model group, as shown in Fig 5d.
This indicates that LPS stimulation had a greater effect on
the intestinal villi of mice.

Pathological changes in the thickness of the
intestinal wall
There was a significant difference in the intestinal wall
thickness between the model group (Mod) and the control
group (Con) (P < 0.001), as shown in Fig 5e. The thickness
of the intestinal wall in the model group increased signifi-
cantly, indicating that LPS stimulation caused glandular
hyperplasia and inflammatory thickening of the intestine.

Assay of inflammatory factors in the lung
and intestine

TNF-α and IL-8 are two important inflammatory factors
that trigger and participate in various inflammatory
responses. The expression levels of TNF-α and IL-8 were
positively correlated with the severity of lung and intestinal
tissue disease and could be used as an important indicator
in respiratory and digestive systems. After LPS modeling,
TNF-α and IL-8 were significantly elevated in the lung and
intestinal tissues of mice, as shown in Fig 6a,b.

Discussion

As a noninvasive medical imaging tool, MicroPET can
reflect changes in small molecules in cells or tissues in real
time, and it has been widely used in the clinical diagnosis

of tumors and other medical processes.25,26 With the devel-
opment of MicroPET technology in recent years, it can be
applied to the study of in vivo distribution of pharmacoki-
netics to visually trace labeled molecules of animals in vivo
and explore drug distribution in tissues and organs.27

In this study, we labeled AG with [18F], evaluated the
anti-inflammatory activity of [18F]-AG, and then used
MicroPET technology to study the distribution of AG
in vivo. We then observed changes in the uptake of the
lung and intestine before and after modeling. The results
showed that changes of the lung and intestine were consis-
tent. This suggests that AG can be used as a suitable carrier
to study correlations between the lung and intestine and
that MicroPET technology can be used to observe changes
in the distribution of drugs in the animal as a whole.
While observing the images, we collected dynamic data

to calculate the average and maximum uptake values of
radioactive substances in organs and tissues (SUV and %
ID/g). According to the data, a drug time curve was drawn.
Based on the drug time curve in the control group, AG
was distributed in the major tissues and organs in mice,
such as heart, lung, liver, kidney, stomach and intestine,
which corresponded to normal metabolic processes and
was consistent with the results of an existing study on the
distribution of AG in vivo.28,29 Comparing the uptake
before and after, the AG concentration in the lungs and
intestines of the model group increased significantly. AG
showed consistency in the pathological changes of lung
and intestine, which could be used to study correlations
between the two organs. We then calculated the absolute
value of the drug concentration difference between the
control group and the model group at the same time, and
compared the tissue distribution changes after administra-
tion, and observed changes in the lung and intestinal imag-
ing at the same time interval. The results showed that the
increased drug concentrations in the lung and intestine
were the largest and significantly higher than that in other
tissues. This result is consistent with current research,30,31

proving the similarity of pathological and pharmacological
responses between the lung and intestine and providing a

Figure 6 Assay of inflammatory fac-
tors in the lung and intestine. (a)
Detection of inflammatory factors in
the lung ( ) Con ( ) Mod. (b)
Detection of inflammatory factors in
the intestine. *P < 0.05 versus control
group; **P < 0.01 versus control
group; ***P < 0.005 versus control
group.
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new avenue for the theoretical research of traditional Chi-
nese medicine.
In molecular biological organ studies, LPS has been

reported to significantly induce inflammatory factors, such
as TNF-α and IL-8, leading to inflammatory injury of
bronchi, increased lung index, decreased intestinal villi and
thickening of the intestinal wall.32 Coincidentally, it has
been reported that AG can inhibit the expression of
inflammatory factors, such as NO, TNF-α and IL-8, in a
dose-dependent manner, thus inhibiting the inflammatory
response.33–35 This confirmed that it was appropriate to
choose AG to study the correlation between the lung and
intestine, laying a foundation for follow-up research on the
mechanism of action and providing a new appreciation of
traditional Chinese medicine theory.
Previous study had confirmed that both the lung and

intestine were organs with secondary endocrine functions
which could synthesize a serial of active substances when
receiving signals from the internal and external environ-
ments.36 LPS is widely used as a reference allergen to induce
allergic asthma, which can cause the imbalance of CD4+ T
lymphocytes, secretion of cytokines, and immune inflamma-
tion.3 In our model of LPS-induced asthma, the expressions
of immune related factors, such as TNF-α and IL-8, were
changed; meanwhile, the corresponding receptors were subse-
quently altered in the intestine; in this way the pathological
condition of lung may influence the status of the intestine.
In conclusion, a modification was made to AG by

4-toluene sulfonyl chloride followed by radio labelling with
[18F]. The newly synthesized probe molecule was injected
into mice to compare the drug concentration in the lung
and the intestine. MicroPET imaging showed that the bio-
distribution could be detected using this radiotracer, which
provides a direct tool for future research into the connec-
tion between these two organs. These results warrant fur-
ther development of MicroPET imaging to substantiate the
traditional Chinese medicine theory.
AG can therefore be used as a tool to measure patholog-

ically relevant changes in the lung and intestine. MicroPET
can be used for real-time imaging of drug distribution in
organs, which can visualize the interrelationship between
organs. The real-time distribution of AG in the lung and
intestine was consistent in our study, and changes in
pathology and transcription factors in the lung and
intestine confirmed that “the lung and intestine are
exterior-interiorly related”. These results provide an impor-
tant theoretical basis for further development and applica-
tion of MicroPET imaging in TCM theory in the future.
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