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Traditional Chinese Medicine (TCM) is widely used in health preservation and non-radical treatment because of its relatively gentle therapeutic effect, which is reflected in many
products. Especially in atomization therapy, TCM shows its strong potential. This experiment focused on analyzing the extract of green tea (tea polyphenols) in a nebulizer, which
is very similar to e-cigarettes. After intravenous injection of relevant drugs into small experimental pigs, the results of blood tests and the HE staining of organ sections showed
no abnormalities in the experimental group. Since the dose of intravenous injection is much larger than that of nebulized inhalation, the safety of the product was verified by the
experiment. The relevant analysis results obtained in this experiment will be used for comparison with subsequent, longer-term (more than 3 months) injection experiments.

Introduction

Atomizing inhalation therapy is a popular treatment
method currently [1], which is usually used to treat respiratory
diseases [2]. It uses a medical atomizer to atomize the medicine
liquid into tiny particles. When patients breathe in the aerosol
solution through the nose or mouth, the medicine solution will
residue in the trachea, lungs, and other respiratory organs,
so as to achieve painless, rapid, and effective treatment. The
working principle of the herbal nebulizer is similar to that of
a medical atomizer, which atomizes the liquid medicine into
tiny particles and makes it reach the respiratory tract and
lungs by breathing into complete drug delivery [3]. Similar
products include e-cigarettes, which vaporize a concentrated
liquid to achieve a similar effect to traditional cigarettes [4].
Most e-cigarette concentrates are said to be free of many of
the harmful ingredients found in traditional cigarettes, such as
tar and carbon monoxide. Nicotine, however, is still included
[5]. The potential dangers of nicotine, including addiction,
should not be ignored. Compared with e-cigarettes, the biggest

advantage of herbal nebulizer is that it does not contain
nicotine. On the contrary, it is replaced by various herbal
medicines, which greatly reduces the potential harm.

Traditional Chinese Medicine (TCM) has been widely
used nowadays, and its therapeutic effects on many diseases
have impressed people deeply. At present, a large number of
herbal ingredients, prescriptions, related targets, drugs, and
diseases have been recorded, facilitating the modernization of
TCM in the world. Existing studies have shown that tea and
its biologically active ingredients have various physiological
and medicinal effects such as reducing fat and losing weight,
lowering blood sugar, protecting the liver, and protecting the
liver [6]. Numerous studies have established that green tea
contains chemical elements that are directly related to human
health. Green tea polysaccharides, caffeine, theanine, and tea
polyphenols have pharmacological properties that include
anticancer [7], antioxidant [8], neuroprotective [9], and
reducing blood sugar [10]. According to the result of Xiong’s
group, both raw tea and cooked tea had a strong inhibitory
effect on the weight gain of obese rats, and the weight, wet
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fat weight, and fat coefficient of the rats were decreased
[11). In this experiment, the regent is Pu’er tea, which has a
similar main component to green tea extract. Although tea has
a variety of pharmacological effects and has a long history of
application, its pharmacological effects have not been used in
People’s Daily life, and a certain effect has not been developed
[12]. To realize the transformation of tea from a daily drink to
a medicine that can treat diseases, there are still many places
worth studying and discussing, which need further exploration
and development by the majority of researchers [13,14].
Therefore, the research on Green Tea and relative production is
valuable for the development of pharmacy.

The nebulizer supplied by Shenzhen Vido Technology has
been tested by bacterial experiment and rabbits’ intravenous
injection [15] but has not been tested on large animals to
further demonstrate its safety. In order to further study the
effects of this product on the human body, in this experiment,
the nebulization solution contained in the product was injected
into small experimental pigs, and biological evaluation was
conducted regularly. At the same time, since the pigs could
not use the nebulizer, the drug was directly delivered through
intravenous injection (IV), indicating that a larger than usual
dose will be injected into the pigs. If this dose does not cause
damage to the organs of the pigs, it means that the dose of the
solution in the nebulizer that people normally use is perfectly
safe.

Materials and methods

All surgical procedures were approved by the Ethics
Committee of West China Animal Experiment Center of Sichuan
University. The experimental protocol was approved by the
Sichuan Provincial Laboratory Animal Management Committee
with approval number 20230512002, and the experimental
procedure followed the International Association of Veterinary
Medical Editors’ “Consensus of Authors’ Guide on Animal
Ethics and Welfare” and local and national regulations.

Pig intravenous injection

The green tea nebulization solution (378 mg/L) was provided
by Shenzhen Vido Technology Co., Ltd. Shenzhen, Guangdong.
Diluting the stock solution with normal saline from 378 mg/L
to 37.8 mg/L in the clean bench, and 30 mL Green tea diluted
solution were prepared [16]. The diluted solution then was
injected through the hindlimb vein. Before each injection, the
pigs were placed on the restraint device, weighed, and then
record their weight. The injected volume was determined by
the following formula [17,18]:

Animal weight x Animal dose
concentration

Injection volume =

In the experiment, two miniature pigs with similar physical
conditions are prepared. One of the pigs was taken as the
control group. The other pig was taken as the experimental
group, marked with the green tea group. The control group
was fed for 7 days without injection and then dissected. For the
Green tea group, the green tea solution was injected every three
days over a period of two weeks and then dissected (Figure 1B).
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Histological staining analysis

After the pigs were dissected, their organs (trachea, lung,
heart, liver, spleen, kidney, small intestine, large intestine, and
duodenum) were removed, sampled, and fixed with a fixative
solution (Figure 1D). Samples were dehydrated in gradients
(50%, 75%, 83%, 95%, 100%) of ethanol and then embedded
in paraffin. The embedded tissues were then sliced into 5 pm
~ 10 pm tissue sections along the transverse or sagittal plane.
Hematoxylin-eosin (HE) staining kits were used to stain the
tissue sections [19]. Photographs were observed under the
bright field of an optical microscope (Ti-U, Nikon, Japan).

Toxicological analysis of the nebulization solution

The blood was sampled from each group of pigs before
they were dissected and the serum biochemical tests and blood
routine examination were performed [20].

The serum biochemical tests contain 16 items, which are AST
(Aspartate Aminotransferase), ALT (Alanine Aminotransferase),
ALP (Alkaline Phosphatase), ALB (Albumin), y-GT (Gamma-
Glutamyl), Glu (Glucose), Ca (Calcium), CK (Creatine Kinase),
LDH (Lactate Dehydrogenase), UREA (Urea), CREA(Creatinine),
TC (Total Cholesterol), TG (Triglyceride), TP (Total Protein),
GLO (Globulin), and P (Phosphorus).

The trace elements in blood tests contain 6 items, which
are: K (kalium), Cl (chlorine), Ca (Calcium), Mg (Magnesium),
Fe (Iron), and Na (sodium).

The blood routine examination contains 12 items, which
are WBC (White Blood Cell), HGB (Hemoglobin), RBC (Red
Cell Count), HCT (Hematocrit), MCV (Mean Red Cell Volume),
MCH (Mean Red Cell Hemoglobin), MCHC (Mean Red Cell
Hemoglobin Content), RDWCV (Coefficient of variation of
RBC distribution width), PLT(Platelet), MPV (Mean Platelet
Volume), and PDW (Platelet Distribution Width).

Figure 1: Animal surgical procedures. (A) The fixation of experiment pig. (B) The injection
of green tea solution. (C) The anesthetization of the experiment pig. (D) Organs of the
experiment pig.
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Results
HE staining of the green tea group

The histopathological examinations of the trachea are
shown in Figure 2. After intravenous injections for two weeks,
there is no change in the green tea group. Mucosa, submucosa,
and adventitia parts are clear [22] in the green tea group.
Additionally, inflammatory factors were not observed, either.
Thus, there is no influence on the trachea during two weeks
of injection, which indicates the biosafety of the green tea
nebulization solution.

Figure 3 shows the HE-stained images of the control and
green tea groups. The structure of lung tissue is clear and
complete. Uniform pulmonary alveolar was observed, as well as
the smooth alveolar wall. Besides, no edema and inflammatory
cells are in the surrounding tissue. The findings lead to the
conclusion that a two-week injection of green tea nebulization
solution is safe for the pig’s lung.

In Figure 4, the structures of the stained section of the
heart are shown. The images of both the control group and
the green tea group have similar appearances. Red-stained
myocardial cells and blood vessels are embodied in the section.

Figure 2: HE staining results of the trachea. (A1) Control group in 40X; (A2) Control group
in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X; Short arrow refers to
mucosa, long arrow refers to submucosa [21].

Figure 3: HE staining results of the lung. (A1) Control group in 40X; (

100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X; Short arrow refers to the
pulmonary alveolus, long arrow refers to the bronchus [23].
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Considerable inflammatory cells are not observed, which
indicates that the green tea nebulization solution makes no
damage to the pig’s heart.

In Figure 5, both the control and green tea groups have
complete hepatic lobules with clear boundaries. The contour
and color of the liver in the HE-stained image are normal.
Thus, the results provide evidence of the safety of green tea
nebulization solution on the liver.

As shown in Figure 6, both the control group and green
tea group have complete red medullar slice region. No obvious
cell aggregation is observed, which means no inflammation is
found. The result proves that green tea nebulization solution is
safe for the spleen.

Figure 7 shows the result of histopathological examinations
of the kidney in two weeks. In the Green tea group, no
significant difference is observed after an intravenous
injection of two weeks. The renal corpuscle and renal tubule
are still clear and remain normal in Figure 1-B1. In addition,
no obvious inflammation is observed. Therefore, the green tea
nebulization solution has no harmful effect on the pig’s kidney
for two weeks.

Figure 4: HE staining results of heart. (A1) Control group in 40X; (A2) Control group in
100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X; The arrow refers to
myocardial cell [24].

Figure 5: HE staining results of the liver. (A1) Control group in 40X; (A2) Control group
in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X; The arrow refers to
hepatic lobule boundary [25].
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Figure 6: HE staining results of the spleen. (A1) Control group in 40X; (A2) Control group

in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X; The arrow refers to
marginal region [26].

TS b ‘*‘% {
(A1) Control group in 40X; (A2)
in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X; Short arrow refers to
the renal capsule, long arrow refers to glomerulus [27].

HE-stained sections of other organs were also made, which
include the thyroid, stomach, small intestine, large intestine,
duodenum, and bladder. As seen in Figure 8B, there was a slight
sign of enlargement of the thyroid follicles in the experimental
group. Given that no other parts of the organ sections showed
obvious inflammatory reactions, it is likely that this is a
disturbance of the endocrine system caused by irregular and
unstable rest in the experimental animals, thus increasing the
burden on the thyroid cells. No goblet cells were discovered in
stomach sections, and there were tight connections of mucus
cells that had significant protective effects in the gastric
fovea. Both groups exhibited entire and transparent mucosa,
submucosa, and muscle linings in the small intestine, large
intestine, and duodenum. A lot of goblet cells and absorptive
cells, as well as a dearth of stem cells and endocrine cells, were
present in the densely and regularly distributed small and large
intestinal glands. In these sections, no structure change and
inflammatory cells are observed. These findings show that
intravenous injection of green tea nebulization solution for two
weeks does not cause histopathological changes in pigs. The
results are shown below (Figure 8-13).
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Figure 8: HE staining results of the (A1) Control group in 40X; (A2) C
in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X.

Figure 9: HE staining results of the stomach. (A1) Control

group in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X.

g results of the small
00X; (B1) Green tea gro

40X; (B2): Green tea group in 100X.
Blood analyses of the green tea group

The blood biochemical, blood electrolyte, and blood routine
of the pigs were analyzed. There is no standard blood index
for Bama pig up to now, therefore, according to the literature,
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frequently used to determine the composition of various ions,
lipids, proteins, different enzymes, and other bodily metabolites
in the blood. It is a reflection of the roles and conditions of
diverse animal tissues and organs [30]. Blood glucose (Glu)
and inorganic salt ions are stable and kept in the body in a
specific equilibrium range under normal health conditions to
maintain the normal metabolism and osmotic pressure of the
body [31]. Otherwise, there will be an electrolyte imbalance and
a disturbance in glucose metabolism. In Table 1, Glu, CK and
TG data range differs greatly from the reference value range.
However, these data can be affected before and after feeding.
In the experiment, all pigs stayed on empty stomachs for
eight hours before the blood was collected, so Glu and other
items data can be below reference data and these data will not
influence the normal growth and development of pigs. Since
the performance of both the control and experimental groups
was similar as seen in the other results, we speculate that
this may be a change due to fasting. The values of the control
group, however, were closer to the reference values. Therefore,
further experiments are still needed to justify the speculation.

Figure 11: HE staining results of the large intestine. (A1) Control group in 40X; (A2)
Control group in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X.

AST, ALT and ALP are widely distributed in the human liver,
bone, intestine, kidney, and placenta that are excreted by the
liver to the bile [32]. These enzymes will increase in the serum
when the liver cell membrane is harmed or when there is cell
necrosis. The degree of liver cell damage can be determined
by monitoring the activity of enzymes in serum or plasma. In
the control group and experiment group, both of the ALP data
were below the reference group, which means pigs may have
Hepatitis or liver injury. However, the liver sections of both
the control group and the green tea group look similar, and

e e no inflammatory reaction was found. Thus, these data changes

% . 3'2‘?‘& may be caused by individual differences in pigs. In addition,

(A1) Control group in 40X; (A2) Control the ALP value is significantly affected by the amount of vitamin

group in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X. D intake or the fasting time before the blood draw. So, it can

be predicted that during the experiment, pigs get too much
vitamin D from their diet and short fasting time resulted in
lower ALP values than normal.

After comparing the blood biochemical data of the control
and green tea groups, it was found that most of the test items’

Table 1: The results of biochemical blood tests for Green tea.

Parameter Control group Green tea group Reference
AST (U/L) 26.43 £3.29 25.40 +2.90 289+12.0
ALT (U/L) 4937 £0.82 4327 +3.02 458+10.5
ALP (U/L) 180.03 +3.22 152.77 +10.80 297 +22.0
ALB (g/L) 41.40 £0.37 4277 +2.17 40.1+7.3
Y-GT (U/L) 47.63 +12.90 55.77 +2.32 53.88 +5.04
Glu (mmol/L) 509+0.13 3.10+ 061 528+1.0
\ 1 i i o g Ca (mmol/L) 2.81+0.03 2.72+0.08 2.81+0.02
Figure 13: HE staining results of the bladder. (A1) Control group in 40X; (A2) Control CK (/L) 45340+6.33 323.03+£31.24 402.00+17.00
group in 100X; (B1) Green tea group in 40X; (B2): Green tea group in 100X. LDH (U/L) 504.30+21.30 488.73 +26.94 502.00 + 14.00
UREA (mmol/L) 2,99 +0.04 3.87+0.03 23+097
CREA (umol/L) 5217 3.1 70.27 +7.60 86+ 183
the reference data come from Chen’s [28] and Zhao’s research TC (mmol/L) 2544003 3084017 224+ 0.066
[29]. A small difference between the blood test results and G (mmol/L) 0814002 041 +0.02 072 +0.29
reference is acceptable. P (g/L) 74,03+ 0.59 78.63 +3.49 778+106
. . . . . GLO (g/L) 32,63 +0.29 35.87 +1.36 31.56+0.7
Biochemical blood test: The biochemical blood test is P (mmol/L) 199+ 0.06 209+ 0,04 972 40.05
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data are within a reasonable range, which reveals the biosafety
of the Green tea nebulization solution.

Blood electrolyte test Table 2: It can be found that Blood
electrolyte test data are relatively within the range of the
reference group. For K, Fe, Cl, and Na content, the values in
the experiment are slightly smaller than the reference group.
As pigs were fasting before blood was drawn, these electrolytes
could flow out of the body through sweating, urination, etc. As
a result, these items’ content shows lower than the reference.
Overall, pigs’ blood electrolyte was stable before and after
medical injection, which proves that the green tea nebulization
solution has no significant effect on the metabolism of blood
electrolyte in pigs.

Complete blood routine: A complete blood routine is an
essential fundamental marker for biomedical evaluation,
which alter over time and can show a variety of disorders [33].
It can be used to assess the experimental animals’ general
physiological condition.

In Table 3, it can be seen that except for the WBC value,
Blood routine numbers are all in the range of reference, which
indicates the biosafety of the solution. Both the control group
and green tea group’s WBC are higher than the reference range.
However, as shown by the HE staining sections, inflammation
was not present in the major organs of the pigs. Therefore,
it can be hypothesized that the repeated injections and blood
collection may have caused a localized subcutaneous infection
in the pigs, which led to an increase in the leukocyte count,
rather than being caused by the green tea nebulization solution.

Discussion

With the rise of new tobacco products, glycerin has become
an important part of tobacco raw materials, especially in
e-cigarettes, glycerin is often used as an atomizer of e-cigarette

Table 2: The results of blood electrolyte tests for green tea.

Parameter Control group Green tea group Reference
K (mmol/L) 4.23+0.21 ¥4.69 + 0.04 5.89+0.11
Cl (mmol/L) 98.96 = 1.19 103.65 +0.48 153.9+4.20
Ca (mg/L) 1124+£1.2 108.8+3.2 1124+£0.8
Mg (mmol/L) 0.93 £0.02 1.07 £0.02 1.39+£0.02
Fe (mmol/L) 2448+9 2136 £0.58 24.86 +0.48
Na (mmol/L) 140.33 +1.88 145.28 £ 0.47 153.5+0.80
Table 3: The results of complete blood routine tests for Green tea.
Parameter Control group Green tea group Reference
WBC (1019/L) 22.25+2.75 16.43 +0.87 43-115
HGB (g/L) 148.50 £ 4.5 163.67 £ 1.70 99-173
RBC (10A12/1) 8.39+0.27 9.09 = 0.09 5.34-10.6
HCT(%) 45.35+0.75 48.73+0.38 27.3-485
MCV (fL) 54.20+0.9 53.67 £0.29 42.5-53.1
MCH (pg) 17.60 £ 0.1 17.93+0.25 15.1-19.3
MCHC (g/L) 3255035 335.33+249 344 -368
RDWCV (%) 16.70+0 17.00 +0.24 0-99
PLT (1019/L) 355.00 + 56 224.00 = 15.51 0-999
MPV (fL) 7.80+£0.2 8.03+0.21 6-115
PDW 16.80+0.3 17.07 £0.31 5-20
PCT (%) 0.28 +0.04 0.18 £ 0.02 0-99
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liquid, content can be as high as 90% [34]. In the product used
in this experiment, the main composition of the nebulization
solution is also glycerin and a small amount of TCM herbal
ingredients. Previously, nebulized inhalation studies based on
mice [35] and rats [36,37] and intravenous injections in rabbits
[15] have been performed. The result shows that glycerol
makes no considerable influence on experimental animals’
respiratory systems. Therefore, glycerol fogging used as an
electronic cigarette agent is free of harm to animals.

Generally speaking, the higher rank of the experiment
animal, the more complex its biological structure, and the
closer its response is to human beings. Furthermore, the pig
has a similar circulatory system to a human being [38]. Thus,
compared with rats and rabbits, the pig has more advantages.
As a large mammal, a pig has a much similar biological
structure to a human being, and the circulatory system, which
will ensure the medicine through intravenous injection can
simulate the effect in the human body. Although the pig is much
more expensive in price, in order to have a better simulation of
the human body, the pig is selected as the experimental animal.

Drug injection dose is another part that needs to be decided
before the experiment. A low dose makes the result not so
believable and a high dose will cause toxicity. For different
animals, the injection dose is absolutely different. However,
in Nair and Jacob’s research, they point out a dose conversion
between animals which is based on the weight [39]. Thus, it is
reasonable to decide the injection dose for pigs based on other
animals’ injection doses. For the removal of blood, too large an
amount of removal could not only cause fluctuation of blood
biochemical index or even death of experiment animal and too
small an amount will cause insufficiency for blood examination.
Research shows that an animal can recover in two weeks if
the removal of blood is not beyond 10% of its total amount of
blood and hemodynamics will not change if not beyond 20%
[40]. Thus, for our experimental cycle, the collection of less
than 10% of the total amount is considered not to influence the
experiment result.

In this study, most of the results of HE section staining
and blood tests showed that the experimental group remained
in a similar condition to the control group after intravenous
injection. This proves the safety of green tea herbal nebulized
products. However, there are still data that may be influenced
by diet or emotion such as Glu/CK/TG that differ from the
control group. Therefore, it is necessary to focus on testing the
changes in these data in further long-term experiments in the
follow-up.

Conclusion

This experiment verified the safety of green tea nebulizer
through intravenous injection of small experimental pigs. The
results of blood tests and HE staining of organ sections together
confirm the safety of this herbal nebulizer. Although some of
the indicators in the blood tests fluctuated, these parameters
were influenced by factors such as eating and were similarly
affected in the control group. Combined with the observations
of organ sections, no inflammatory reactions were observed in
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the organs of the pigs. Therefore, the biosafety of the green
tea nebulizer can be assured by the results of this experiment,
which indicate a promising prospect for the application of TCM
in herbal nebulizers. For further studies, longer-term (more
than 3 months) injection experiments will be considered to
further ensure the safety of the nebulizer so that it can be used
in clinical trials and daily life as early as possible.
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