
001

Citation: Zhang R, Lin M, Wang C, Li Y, Zhao X, et al. (2023) Biological toxicity evaluation of traditional medicine white tea extract liquid. Glob J Biotechnol Biomater 
Sci 9(1): 001-008. DOI: https://dx.doi.org/10.17352/gjbbs.000018

https://dx.doi.org/10.17352/gjbbsDOI: 2640-7817ISSN: 

Abstract
Purpose: The aim of this study was to evaluate the safety and toxicity of intravenous use of White Tea Extract Liquid (WT) in rabbits through routine blood tests and 

biochemical and  histopathological means. 

Design and methods: This study used the WT product produced by the company and the New Zealand rabbits at 2.0~2.5 kg of weight. Rabbits were divided into two 
groups: Control and WT groups. In the WT group, the diluted WT injection volume needed to be injected was calculated according to their body weight on days 1, 4, 7 and 
11...... for 4 weeks respectively. During the1, 2 and 4 weeks of the experiment, blood routine, blood biochemistry and the histopathological sections of the heart, spleen, 
lung, trachea, kidney, bladder, uterus, testicle, stomach, liver, small intestine, big intestine were evaluated in the study. 

Findings: By comparison, the blood routine test did not deviate from the normal ranges provided by the diagnostic laboratory. The blood biochemical indexes of all 
experimental rabbits are within a reasonable range and did not detect clinically signifi cant abnormalities between treatment and control groups. The WT had no obvious 
infl ammatory change in the whole tissue and no harmful effect on the organs of various systems of the rabbits’ system for 4 weeks.

Conclusions: After intravenous injection for 4 weeks in rabbits, white tea herb atomization liquid did not produce obvious toxic effects on the animals.
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Introduction

Commercially available technologies to transform a 
liquid dosage form into an aerosol for medical inhalation 
purposes have evolved signifi cantly over the last century. As a 
noninvasive and easy drug administration route, drug delivery 
via aerosolization administration also has the potential to 
minimize toxicity without compromising effi cacy and improve 
patient compliance [1]. Traditional Chinese medicine combined 
with aerosolization technology is different from traditional 
smelling inhalation and smoke inhalation, forming a new drug 

delivery mode. It has the characteristics of small atomized 
particles, easy absorption and a high drug utilization rate. It 
has been widely used in the treatment of respiratory, blood 
circulation and other system diseases, with remarkable effi cacy 
[2].

White tea herbal atomization liquid (WT) is a traditional 
Chinese herbal liquid product with white tea extract and 
glycerol as the main components. Its main functions are 
to clear away heat and detoxify, and have signifi cant anti-
infl ammatory effects [3]. The extract of white tea contains 
several polyphenolic compounds belonging to the fl avan-3-
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ol (catechin) family that possesses a wide range of biological 
activities, including anticancer, antiviral and antibacterial 
effects [4]. Glycerol has been widely used in food, medicine, 
and other industries. The existing experiment proved that rats 
had nasally inhaled glycerol for 90 days and were exposed to 
a dose of 750 mg/kg through the analysis and comparison of 
body weight and food consumption, blood, organs, etc, which 
had not produced obvious toxic effects on rats [5].

The way of atomization inhalation of drugs will lead to 
a large difference in the dose of each aerosol, thus greatly 
reducing the fi nal bioavailability of herbal liquid in the specifi c 
experimental process [6]. In order to fi nd a suitable way to test 
the safety and toxicity of Chinese herbal atomizing liquid, we 
chose to inject the sample into the New Zealand rabbits through 
auricular intravenous injection and conducted a biological 
evaluation on experimental rabbits regularly. Compared with 
atomization inhalation, intravenous injection is easy to operate 
and can control the amount of administration. At the 1st, 2nd, 
and 4th weeks after the administration, the clinical symptoms 
and food intake of the animals were observed, and their blood 
routine, blood biochemistry, and organ histopathology were 
examined.

Materials and methods

Materials

White tea fl avor stock solution, Shenzhen Weiduo 
Technology Co., Ltd (Guangdong, China). Disposable vacuum 
blood collection tubes were purchased from Yongkang Medical 
Products Co., Ltd (Shandong, China). The Hematoxylin and 
Eosin (H&E) staining kit was purchased from Beyotime 
Biotechnology Co., Ltd (Jiangsu China). All chemicals in the 
experiments were in Analytical Reagent (AR) grade and used 
without further purifi cation.

Design

Rabbits’ weighing and intravenous injection volume 
calculation: In a sterile environment, the WT was diluted from 
1200 mg/ml to 30 mg/ml(C), and physiological saline was 
taken as the solution. On injection days, each animal received 
a single marginal ear vein dose of a diluted WT at a dose of 10 
mg/kg body weight (AD). The choice of the dose was based on 
published work [7] indicating that this is a therapeutic dose 
in most animal species (mammals and not) for all routes of 
administration. The animals were weighed(M)and the injection 
dose was calculated by Equation 1 as:


M  (kg) ×  AD  (mg / kg)

Injection Volume  (ml)  =  
C  (mg / ml)

(1)

10(m ale:5 and female:5) New Zealand white rabbits were 
routinely fed for 2 weeks before the experiment, and the body 
weight after feeding was 2.3-2.7 kg. The animals were randomly 
assigned to two separate surgical groups (an injection group (n 
= 6, male:2 and female:2) and a no injection normal group (n 
= 4; male:2 and female:2). All the procedures in this animal 
experiment were approved by the Ethics Committee of West 

China Hospital at Sichuan University. Before the injection of 
the sample, the hair on the vein of the ear margin was shaved 
and the injection site was cleaned with iodine disinfection 
(Figure 1A). 1ml bore needle syringes were used to obtain better 
precision. After injection (Figure 1B), apply pressure on the 
application site for 5 - 10 seconds to stop bleeding. The sample 
was injected on the day, 1, 3, 5 and 7…... of feeding and the 
control group did not receive any drug injection. The mental 
state, hair color, diet, feces and body weight of rabbits were 
observed.

C omplete blood count tests: A t the 1st, 2nd, and 4th weeks after 
intravenous injection, one female and one male rabbit were 
randomly selected from the injection group to be anesthetized 
by intravenous injection of sodium pentobarbital at a dose of 
40 mg/kg at the ear margin. After blood was collected in an 
EDTA anticoagulant tube, it was gently mixed, and then the 
blood routine parameters were measured on the automatic 
animal blood cell a nalyzer (BC-2800 Vet, Mindray, China). 
The routine blood tests contain 18 items, which are WBC 
(White Blood Cell), Lymph# (Lymphocytes Number), Mon# 
(Monocytes Number), Gran# (Granulocytes Number), Lymph% 
(Lymphocytes Percentage), Mon% (Monocytes Percentage), 
Gran% (Granulocytes Percentage), RBC (Red Cell Count), 
HGB (Hemoglobin), HCT (Hematocrit), MCV (Mean Red Cell 
Volume), MCH (Mean Red Cell Hemoglobin), MCHC (Mean Red 
Cell Hemoglobin Content), RDW(Red Cell Distribution Width), 
PLT (Platelet), MPV (Mean Platelet Volume), PDW (Platelet 
Distribution Width) and PCT (Procalcitonin). Statistical analysis 
was carried out using the mean ± standard deviation (SD).

Blood biochemical test: After the blood was collected 
with the blood collection vessel without anticoagulant, it 
was centrifuged at 3000r / min for 10min after standing 
for 0.5h and the upper serum was taken and the blood 
biochemical indexes were measured with the automatic animal 
biochemical analyzer (BS-240 Vet, Mindray, China). The 
biochemical blood tests contain 20 items, which are Fe (Iron), 
Mg (Magnesium), AST (Aspartate Aminotransferase), ALT 
(Alanine Aminotransferase), ALP (Alkaline Phosphatase), ALB 
(Albumin), -GT (Gamma-Glutamyl), Glu (Glucose), UA (Uric 
Acid), Ca (Calcium), P (Phosphorus), CK (Creatine Kinase), LDH 
(Lactate Dehydrogenase), UREA (Urea), CREA (Creatinine), TC 
(Total Cholesterol), TG (Triglyceride), TP (Total Protein), T-bil 
(Total Bilirubin) and GLO (Globulin). Statistical analysis was 
carried out using the mean ± standard deviation (SD).

HE  staining of organs: At the 1st, 2nd and 4th weeks after 

Figure 1: The process of the WT injection: A: Iodine disinfection of injection area; 
B: Sample injection.
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intravenous injection, one female and one male rabbit were 
randomly selected from the injection group for euthanasia, 
and the heart, spleen, lung, trachea, kidney, bladder, uterus, 
testicle, stomach, liver, small intestine and big intestine were 
quickly removed and fi xed with 4% paraformaldehyde for more 
than 24 hours. Samples for histological analysis were embedded 
in paraffi n wax. The cutting sections (5 μm in thickness) were 
stained with H&E and observed by microscope (Ti-U, Nikon, 
Japan).

Results

The general state of animals

All the animals survived until the end of the study and 
no perioperative period complications were encountered. 
The rabbits in each group were in a good mental state, and 
there were no obvious abnormalities in their hair color, 
behavioral activities, food intake, drinking water and fecal 
respiration (Figure 2A). The body weight of the test animals 
was measured before the start of the test and at the 1st, 2nd, 
and 4th weeks after the injection of WT (Figure 2B). The body 
weight of the test rabbits increased from 2.44 ± 0.06 to 2.94 
± 0.14. There was no signifi cant increase or decrease in the 
body weight of the animals in each male and female group, 
and there was no statistical difference. It was seen that long-
term consumption did not produce any signifi cant change in 
growth or food ingestion, as Espinosa et al. previously reported 
[8]. In addition, research by Francisca et al. showed that White 
tea extract consumption did not signifi cantly change body 
weight gain, food intake, food effi ciency, protein effi ciency 

ratio, apparent protein digestibility, nitrogen balance, or the 
apparent absorption of calcium, phosphorus, magnesium and 
zinc [9].

Effects of WT on the blood routine of rabbits 

Complete blood counts are not only important basic 
indicators for biomedical evaluation but also the change of its 
results can reveal many diseases as well [10]. They can help to 
determine the overall physiological state of the experimental 
animals. WBC, Mon, Mon%, Gran, Gran%, Lymph%, and 
Lymph can refl ect the susceptibility of animals, suggesting 
infl ammation and infection; RBC, HGB, HCT, MCV, MCH, 
MCHC, and RDW can refl ect whether the animal is anemia; and 
PLT, MPV, PDW, and PCT can be used as one of the auxiliary 
diagnostic indicators for viral diseases, malignant tumors, and 
other diseases [11]. From the experimental results in Tab les 
1,2, it can see that the blood routine test did not deviate from 
the normal ranges provided by the diagnostic laboratory. 
Although several items were lower or higher than the reference 

Figure 2: Animals survival condition and clinical observation: A: Feeding place for 
test animals; B: Rabbits were weighed on time.

Table1: The results of complete blood count tests(a).

Parameters Control lW 2W 4W Refer

WBC(109/L) 5.9 ± 0.07 6.15 ± 0.07 9.35 ± 2.47 9.85 ± 1.34 5.2  3.5

RBC(1011/L) 6.47 ± 0.31 5.89 ± 0.62 6.75 ± 0.62 6.47 ± 0.33 5  7.6

HGB(g/L) 144 ± 5.66 125 ± 5.66 129 ± 19.80 134 ± 4.24 105  170

Mon(109/L) 0.3 ± 0.14 0.3 ± 0.14 0.45 ± 0.07 0.35 ± 0.07 0.1  0.6

Gran(109/L) 2.5 ±0.28 2.55 ± 0.78 4.85 ± 2.05 4.1 ± 0.85 2.0  7.5

Lymph(109/L) 2.8 ± 0.78 3.3 ± 0.84 4.05 ± 1.23 5.4 ± 0.3 3.2  9

Mon(%) 4.75 ± 0 78 4.55 ± 1.91 4.9 ± 0 3.85 ± 0.21 2.5  6

Gran(%) 42.85 ± 4 03 41.95 ± 3.5 I 50.8 ± 7.92 41.4 ± 3.53 20.2  59.3

Lymph(%) 48.5 ± 6 46 54 .4 ± 6.2 45.6 ± 2.56 55.45 ± 1.64 35.2  75.8

Table 2: The results of complete blood count tests(b).

Parameters Control lW 2W 4W Refer

HCT(%) 42.6 ± 2.83 38.45 ± 2.62 39.75 ± 6.01 41.65 ±2.19 31  46

MCV(fL) 67.23 ± 0.61 ó5.ó ± 2.41 58.75 ± 3.46 ó4.5 ± 0. 14 5ó.8  66.5

hICH(pg) 20.85 ± 1.77 21.3 ± 1.27 19 ± 1.13 20.65 ± 0.35 20.1  25.1

MCHC(g/L) 327.5 ± 4.95 325 ± 7.07 324 ± 1.41 321.5 ± ó. 36 320  370

RDW(%) 12.8 ± 0.85 14.5 ± 1.98 14 ± 0.14 15.5 ± 0.14 13  I 8.5

PLT(109/L) 420.5 ± 2.12 286.5 ± 15.03 411.5 ± 17.68 395 ± 6.77 100  712

XIPV(fL) 6.2 ± 0.14 6.15 ± 0.21 5.65 ± 0.07 5.8 ± 0.85 3.8  6.8

PDW 17.3 ± 0.14 17.1 ±0 16.3 ± 0.14 16.95 ± 1.06 15  19

PCT(%) 0.25 ± 0.02 0.17 ± 0.09 0.23 ± 0.01 0.11 ± 0.12 0.11  0.28
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ranges, the differences are relatively small. We consider these 
differences as minor variations from normal due to random 
variation within the herd and the detection of differences as 
a result of chance. The study of saral et al showed that white 
tea inhibited NF- B-related infl ammation, which inhibited its 
synthesis, leading to a signifi cant decrease in the expression 
level of infl ammatory factors such as IL-6 and TNF-  [12].

Effects of WT on the biochemical blood of rabbits 

Blood biochemical examination is often used to detect 
the contents of various ions, sugars, lipids, proteins, various 
enzymes, hormones and various metabolites of the body in the 
blood [13]. It is a refl ection of the functions and states of various 
tissues and organs of animals. Under normal health conditions, 
blood glucose (Glu) and inorganic salt ions (Fe, Mg, Ca and P) 
are stable in the body and kept in a certain balance range to 
maintain the normal metabolism and osmotic pressure of the 
body. Otherwise, glucose metabolism disorder and electrolyte 
imbalance will occur; [14]. AST, ALT and ALP are important 
indicators of liver function. When the liver cell membrane is 
damaged or cell necrosis, these enzymes will increase in the 
serum. By measuring the activity of enzymes in serum or 
plasma, the degree of liver cell damage can be refl ected. Among 
them, because AST is mostly distributed in the myocardium, 
it will be released into the blood when the heart is damaged, 
causing the increase of AST, which is also an important 
indicator of heart function; UREA and CREA are indicators of 

kidney function. When various kidney diseases cause renal 
insuffi ciency, they will increase [15]. For the results of blood 
biochemical indexes analysis (Tables 3,4), no abnormalities 
were detected. By comparison, the blood biochemical indexes of 
all experimental rabbits are within a reasonable range and did 
not detect clinically signifi cant abnormalities between WT and 
control groups. Tea and its components have been considered 
potential ingredients for ameliorating liver injuries in patients. 
In a double-blinded, placebo-controlled, randomized clinical 
trial, the green tea extract consumption (500 mg/day, 90 days) 
successfully decreased the levels of liver enzymes including 
ALT, AST and ALP in patients with non-alcoholic fatty liver 
disease [16]. In another clinical trial with hypercholesterolemic 
subjects, catechin-enriched green, and oolong tea treatments 
were found to signifi cantly decrease body weight, BMI, fat, lipid 
peroxidation and lipid profi les (TG, TC, LDL-C, and HDL-C), 
while improving GSH, SOD, CAT, GPX and GR in the liver [17]. 

Tissue histopathological changes of rabbits’ main 
organs 

Circulatory system: The circulatory system is a continuous 
and closed pipeline system, including the cardiovascular 
system and lymphatic systems. As the power pump of the 
cardiovascular system, the heart can promote the continuous 
circulation of blood in the blood vessels and provide suffi cient 
blood fl ow, oxygen, and various nutrients for organs and 
tissues [18]. HE staining of myocardial tissue showed that 

Table 3: The results of biochemical blood tests(a).

Parameters Control lW 2W 4W Refer

Fe(μmol/L) 28.34 ± 0.32 31.53 ± 1.60 27.01 ± 8.3 I 37.52 ± 9.12 23  40

Mg(mmol/L) 1.49 ± 0.24 1.86 ± 0.28 1.51 ± 0.56 1.18 ± 0 0.8  2.2

Ca(mmol/L) 3 42 ± 0.2 3 54 ± 0.13 2 8 ± 0.35 2 5 ± 0.06 2.2  3.9

Glu(mmol/L) 8.98 ± 2.71 10.1 ± 1.17 6.66 ± 0.33 4.535 ±0 25 5.5  12.5

UA(μmol/L) 7.6 ± 4. 10 17 35 ± 2.33 17.8 ± 4.71 11.85 ± 3.46 9.1  25.5

AST(U/L) 25.04 ± 2.6 44.9 ± 3.96 23.7 ± 3.25 39.05 ±4 92 10  78

ALT(II/L) 44.22 ± 8.65 72.35 ± 6.86 57.95 ± 0.07 42.85 ± 8.14 27.4  72.2

ALP(U/L) 185.62 ± 10.3 195.05 ± 11.68 97.35 ±7.37 95.8 ± 1.79 10  96

ALB(g/L) 38.88 ± 0.45 32.5 ± 0.57 32 ± 2.97 27.35 ±1.77 27  50

γ-GT(U/L) 7.85 ± 0.35 7.3 ± 1.13 7.35 ± 1.63 4.25 ± 0.64 0  8

Table 4: The results of biochemical blood tests(b).

Parameters Control lW 2W 4W Refer

P(mmol/L) 1.57 ± 0.29 1.55 ±1.41 2. l4 ± 0.13 0.87 ± 0.08 1  2.2

CK(U/L) 67.6 ± 10.84 88.35 ± 3.73 69.65 ± 1.44 63.85 ± 8.86 58.6  175

LDB(U/L) 91.25 ± 0.07 62.85 ± 19.83 78.75 ± 3.02 88.5 ± 7.01 27.8  101.5

UBEA(mmol/L) 7.74 ± 0.44 6.95 ± 1.2 6.73 ± 0.52 8.85 ± 0.74 6.1 17.1

CREA(μmo1/L) 81.69 ± 1.68 116.05 ± 12.09 88.8 ± 7.21 76.55 ± 8.98 74  171

TC(mmol/L) 2.85 ± 0.28 1.355 ± 0.08 1.32 ± 0.8 1.l6 ± 0.28 1.1  3.9

TG(mmo1/L) 1.64 ± 0.11 1.035 ± 0.71 1.52 ± 0.28 1.19 ± 0.23 1.4  1.76

TP(g/L) 54.7 ±1.84 52.6 ± 4.81 54 ± 2.47 58.95 ±1.77 49  71

T-bil(μmol/L) 2.15 ± 0.41 3 81 ± 0.77 2.64 ± 0 92 6.51 ± 0.08 2.6   17.1

GLO(g/L) 20.7 ± 5.52 20.1 ± 4.24 21.95 ± 5.44 12.86± 1.77 15  33
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the muscle fi ber structure of the rabbit myocardial tissue 
in the control groups (Figure 3A1, A2) and the experimental 
groups (Figure 3B1-D2) was clear, and the transverse striations 
were visible. The ladder-like disc structure was seen at the 
junction of the myocardial fi bers, and no infl ammatory cell 
infi ltration was found. As a part of the lymphatic system, the 
spleen acts as a hematopoietic organ in the embryonic period. 
After the bone marrow starts to make blood, the spleen has 
evolved into the largest lymphoid organ in the human body, 
with the functions of hematopoietic stem cells, antigen 
clearance, aging red blood cells, and immune response [19]. 
On the fresh section of the spleen in the experimental group 
(Figure 4B1-D2), most of the tissues were crimson red pulp, 
with abundant blood vessels distributed there. Various fi ne 
structures formed by the lymphoid tissue in the spleen were 
regularly distributed along the blood vessels. Optical images 
of HE-stained sections showed that after week 4 of injection, 
no signifi cant pathological changes were observed in the heart 
and spleen, indicating the biosafety of WT. Intake of tea and 
its extracts can decrease CVD risk, mainly by improving redox 
status, inhibiting infl ammation, decreasing blood pressure, 
ameliorating hyperlipidemia, regulating endothelial function, 
preventing myocardial damage, and regulating sympathetic 
nerve activity [20]. This further explains the protective effect 
of tea on the cardiovascular system.

Respir atory system: The main function of the lungs is to 
exchange air. The lungs are rich in blood vessels. The alveoli 
exchange gas with the blood through the respiratory membrane 
(i.e., the alveolar-capillary membrane, also known as the 
blood-air barrier) [21]. It can be seen from the HE staining 
images of the control group (Figure 5A1, A2) and the WT group 
(Figure 5B1-D2) that the lung tissue structure was clear and 
complete. The alveolar structure was normal, the alveolar wall 
is smooth, and the bronchi are evenly distributed. There were 
no edema and infl ammatory cells in the surrounding tissues. 
The trachea and bronchus are the air channels outside the lung. 
The wall of the trachea is divided into mucosa, submucosa and 
adventitia from the inside to the outside [22]. The mucosa is 
composed of abundant ciliated cells, goblet cells and basal cells, 
which have the function of clearing foreign bodies, bacteria, 
and other harmful substances. The complete and clear mucosa, 
submucosa and adventitia parts can be observed in the control 
group (Figure 6A1, A2) and sample groups (Figure 6B1, D2). The 
submucosa contained abundant blood vessels, lymphoid tissues, 
and many mixed tracheal glands. The structure of tissue had 
no signifi cant change and the results provided evidence of the 
safety of white tea on the respiratory system. Acute lung injury 
and acute respiratory distress syndrome are serious clinical 
complications with high morbidity and mortality [23]. A study 
in mice showed that treatment with tea catechins improved 
histopathological lesions, reduced pro-infl ammatory markers, 
and improved lung regeneration capacity by improving the 
expression of Ki67, PCNA and Ang-1 proteins [24]. 

Urinary system: To study the effect of the sample on the 
urinary system of rabbits, we observed the kidney and bladder 
sections of rabbits injected with WT at different times. The 
kidney can maintain the water and electrolyte balance of 

the body by regulating the urine production process and 
changing the excretion of water and inorganic ions [25]. In 
the normal control group (Figure 7A1, A2), the glomeruli of 
the kidney were full, there was no gap with the capsule wall, 
and the structure was neat. In the WT group (Figure 7B1-D2), 
both renal corpuscle, and renal tubule can be observed. There 

Figure 3: Microscope images of heart HE staining sections. Female rabbits: A1-
D1; Male rabbits: A2-D2 (1. Myocardial tissue: Elongated cylindrical striated cellular 
tissue).

Figure 4: Microscope images of spleen HE staining sections. Female rabbits: A1-D1; 
Male rabbits: A2-D2(1. Blood vessel: It is composed of a circle of a large number of 
cells and connective tissue of intercellular substance; 2. Lymphoid tissue: Reticular 
tissue full of lymphocytes, macrophages, and plasma cells).

Figure 5: Microscope images of lung HE staining sections. Female rabbits: A1-D1; 
Male rabbits: A2-D2(1. Bronchiole: The outer smooth muscle is obvious, and the inner 
mucosa is folded; 2. Alveolar sac: It is a sac formed by the common opening of 
many alveoli; 3. Pulmonary alveolus: It is a polyhedral alveolar sac with openings).

Figure 6: Microscope images of trachea HE staining sections. Female rabbits: A1-D1; 
Male rabbits: A2-D2(1. Mucosa: It is composed of epithelium and lamina propria; 2. 
Submucosa: It is located in the deep part of the mucosa and is loose connective 
tissue, including blood vessels, lymphatic vessels, glands and adipose tissue; 3. 
Adventitia: It is the outer layer of trachea and its branches are composed of hyaline 
cartilage, smooth muscle and connective tissue).
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was no obvious expansion or atrophy of glomeruli, which 
showed similar conditions to the control group. The bladder 
is an organ that stores urine. Its muscle layer is thick, and the 
mucosa contains many folds. When the bladder is fi lled, the 
folds decrease or disappear. From the sections of experimental 
groups (Figure 8B1-D2), we can see that the bladder at this time 
was in an empty state, and the epithelium had multiple layers 
of epithelial cells connected without damage. These fi ndings 
showed that intravenous injection of WT for nebulization for 
4 weeks did not cause histopathological changes in the urinary 
system in rabbits. So far, it has been reported that tea catechins 
improve albuminuria in diabetic nephropathy in a human trial 
[26]. The main mechanism involved the activation of DGK, so 
protecting kidney activity. It has been shown that tea catechins 
could act also as an iron chelator, resulting in decreased ROS 
production and subsequent protection against kidney damage 
[27]. 

Reprodu ctive system: The uterus and testis are important 
components of the reproductive system. By observing the 
changes in the sections of these two organs, we can further study 
the effects of WT on the physiological activity and reproductive 
offspring of rabbits. From the sections of the uterus (Figure 
9B1-D1), the perimetrium, myometrium, and endometrium of 
the injected sample groups were demarcated. The endometrial 
mucosa formed many branched folds that protruded into the 
offi cial cavity. The offi cial cavity was irregular and contained 
abundant blood vessels, uterine glands and a large number 
of stromal cells. Testicular sections (Figure 9B2-D2) showed 
that the testicular capsule tissue was composed of dense 
connective tissue rich in elastic fi bers with uniform thickness, 
and the seminiferous tubules were closely arranged which 
contained abundant germ cells and Sertoli cells. There was no 
abnormality in the interstitial tissue. Therefore, the white tea 
had no obvious infl ammatory change in the whole tissue and 
no harmful effect on the rabbits’ reproductive system for 4 
weeks. tea catechins can stimulate and regulate the hormones 
that govern the menstrual cycle. They can also modulate the 
levels of progesterone and oestrogenic hormones, as well as 
improve fertility, and are a possible treatment for increasing 
the pregnancy rate [28]. Testicular tissue is predisposed to 
the action of free radicals due to its high rate of cell division. 
Thanks to the antioxidant properties of tea, infl ammation and 
DNA fragmentation can be reduced, and sperm motility and 
viability can be increased [28,29]. 

Digestiv e system : We also take HE-stained images of other 
organs of the digestive system, which included the stomach, 
liver, small intestine, and large intestine. Gastric sections in 
the control groups (Figure 10A1, A2) and WT groups (Figure 
10B1-D2) showed tight junctions of mucus cells with important 
protective effects in the gastric fovea, and no goblet cells were 
found. In addition, many fundus glands were closely arranged, 
containing lots of blue chief cells and red parietal cells. In the 
liver section (Figure 11A1-D2), the hepatocytes were arranged 
radially around the central vein to form a plate-like structure 
and the hepatic cords were connected to form a network 
channel. Also, no noticeable infl ammatory cells are captured. 
Both the small intestine (Figure 12B1-D2) and the large intestine 

Figure 7: Microscope images of kidney HE staining sections. Female rabbits: A1-
D1; Male rabbits: A2-D2(1. Glomerulus: Porous capillary network; 2. Renal capsule: 
Cup-shaped upper skin sac with double walls; 3. Renal tubule: The structure of 
renal tubules includes proximal convoluted tubules, medullary loops, and distal 
convoluted tubules).

Figure 8: Microscope images of bladder HE staining sections. Female rabbits: A1-D1; 
Male rabbits: A2-D2(1. Epithelial cells: They are mainly in the mucosal layer, which is 
a very thin layer of migrating epithelial tissue, and the ureter and urethral mucosa 
are connected to each other).

Figure 9: Microscope images of reproduction organs HE staining sections. Female 
uterus: A1-D1; Male testicle: A2-D2(1. Endometrium: It is a pink mucosal tissue, which 
mainly consists of a mucous membrane layer, functional layer, endometrial layer, 
and basal layer; 2. Myometrium: Smooth muscle tissue in the middle layer of the 
mammalian uterus; 3. Perimetrium: The outer serosa of the uterus; 4. Seminiferous 
tubule: The seminiferous tubule is a curved slender tube located in the testicular 
lobule. The wall of the tube is a special stratified epithelium - seminiferous 
epithelium; 5. Interstitial tissue: Loose connective tissue, rich in blood vessels and 
lymphatic vessels).

Figure 10: Microscope images of stomach HE staining sections. Female rabbits: 
A1-D1; Male rabbits: A2-D2(1. Gastric pit: Irregular small pores on the surface of the 
gastric mucosa; 2. Fundic gland: It is branched and tubular, consisting of main cells, 
parietal cells, cervical mucus cells, stem cells and endocrine cells; 3. Muscularis: It 
is composed of three layers of smooth muscle, the outermost layer is longitudinal, 
the middle layer is circular, and the innermost layer is oblique).
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(Figure 13B1-D2) had complete and clear mucosa, submucosa 
and muscular in the WT groups. The small intestine and 
large intestine glands were densely and regularly arranged, 
containing a lot of absorptive cells and goblet cells, as well as a 
small number of stem cells and endocrine cells. On the whole, 
the structure of organ tissue had no signifi cant change and a 
few infl ammatory cells were found. Thus, a 4-week injection of 
WT was safe for the rabbits’ digestive system. Tea extracts and 
their bioactive components possess strong anti-infl ammatory 
activity, thus can be a potential agent for arthritis, sepsis and 
SLE, with the mechanisms mainly including the regulation 
of pro-infl ammatory and anti-infl ammatory factors, like 

interleukins, chemokines, TNF-, NF-B, and COX-2, as well 
as the related signaling pathways [30]. Infl ammation of the 
intestinal epithelial barrier is important in diseases such as 
infl ammatory bowel disease or Crohn’s disorder. Rodent models 
have shown that catechin-rich white tea extract improves 
the integrity of the intestinal barrier [31]. This generates 
a modulation in the translocation of endotoxins derived 
from the intestine and their consequent pro-infl ammatory 
responses [32]. Tea catechins treatment signifi cantly increased 
antioxidant capacity and reduced the signs of related colitis, as 
well as mitigating less severe symptoms white tea extract also 
reduces the entry of immunoreactive nitrotyrosine into the 
colon and reduces the over-regulation of intercellular adhesion 
molecule 1 (ICAM-1) [33,34]. 

Conclusion

After the rabbits were given WT intravenously for 1, 2, and 4 
weeks, our fi ndings suggested that there were no biological and 
toxicological changes related to herbal solution in animal body 
weight, hematology, blood biochemistry and organ HE sections 
in each experimental group. In conclusion, the WT may not 
cause signifi cant adverse effects on rabbits. Finally, all studies 
on WT have been conducted in cells or animal culture models. 
Further clinical trials are needed to provide conclusive evidence 
of the protective effects of the biological toxicity evaluation.
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