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Article
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Blood and Vitreous Humor in the Celestial Goldfish
(Carassius auratus)
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* Correspondence: vicsun@163.com (Y.S.); 13901156204@163.com (X.Z.)

Abstract: The aim of this study was to examine and understand the physiological and biochemical
components of the blood and vitreous humor of goldfish (Carassius auratus). Blood was drawn
from the arterial (static) line and vitreous humour was extracted using a syringe from healthy
goldfish. An automatic haematology analyzer was used to detect 17 physiological indicators,
including white blood cells and red blood cells. At the same time, 20 biochemical indexes, including
albumin, calcium, and glutamic pyruvic transaminase, were found in the automatic biochemical
analyzer. Experiments were also conducted on the effect of blood and vitreous fluid collection on
the subsequent survival rate of the celestial goldfish. The findings demonstrated that there were
values for 17 physiological indicators in the blood of the goldfish, including red blood cells (2.19 x
1012), white blood cells (62.21 x 107), hemoglobin (138.25g/L), and no eosinophils or basophils.
However, no data for 17 physiological indications of vitreous humor were discovered. The
quantities of total protein, glutamic oxaloacetic transaminase, and potassium in the vitreous humor
were substantially lower than those in the serum (P <0.01) according to the results of 20 biochemical
indexes in the serum and vitreous humor of goldfish. Alkaline phosphatase, chlorine, and creatinine
between vitreous humor and serum did not differ significantly (P > 0.05). The levels of glutamic
pyruvic transaminase and y-glutamyl transpeptide in vitreous humor were significantly higher
than those in serum (P < 0.01). This experiment provides basic datas for the healthy culture of
goldfish and the perfection of hematology in goldfish, and the results will be convenient for the
further study of development and formation of celestial eye traits.

Keywords: the celestial goldfish; blood; vitreous humor; physiological indicators; biochemical
indicators

1. Introduction

The scientific name for the goldfish is Carassius auratus (Linnaeus, 1758), and it is a variety of
the crucian carp family (Sparidae, Carassius, Car-assiusauratu) [1]. The valuable species of goldfish
known as "the sky-watching dragon" or "sky-fazing" (eyes toward sky) is called the heavenly
goldfish. The eyeball is like a dragon's eye, and part of it protrudes beyond the eye socket. When
swimming in the water, the pupils are bright and more powerful than the dragon's eye. The beauty
of the fish is that the eyes are always facing the sky, and it seems to be looking at you from any angle.
This goldfish was a favorite in the imperial palace during the Qing dynasty since its name originally
meant "looking upward to the Son of Heaven"[2]. So far, few studies have been done on celestial
goldfish, much of which has focused on their genetics and body color [3-5]. Some reports have also
suggested that celestial goldfish have a degenerated retina and weak vision [6,7], making them
suitable as model animals for the study of human eye diseases [8]. Blood is an crucial component of
the fish organism and immune system [9], and blood indicators have historically been emphasized
by production practitioners and theorists, and are frequently used to assess the health, nutrition, and
environmental adaptation status of fish [10], as well as water quality monitoring [11]. According to
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the available reports, however, there are no research on the physiological and biochemical
components of the blood and vitreous humor of goldfish. The objective of this study was to measure
and analyze a few physiological and biochemical indicators of goldfish blood and vitreous humor in
order to provide a basic reference for the healthy culture and eyeball development of goldfish as well
as to provide data for enhancing the comparative study of goldfish hematology.

2. Methods

2.1. Experimental Materials

Celestial goldfish came from Xiaotangshan Aquatic breeding Base of Beijing Institute of Fisheries
Science. According to the breeding methods reported by Li Rongni et al. [4], the goldfish at the age
of 16 months, were cultured in a cement pond deep in 35cm water at the age of 16 months, with a
body length of about 12cm. In September, 45 individuals with eyeballs showing upward at a standard
90 degrees from horizontal were selected, as shown in Figure 1.

T <.

‘ %

Figure 1. the celestial goldfish (cultured and photographed by Institute of Fishery Sciences, Beijing
Academy of Agriculture and Forestry Sciences).

2.2. Methods

2.2.1. Preparation of EDTAK2 and Heparin Sodium Anticoagulant Solution

Weigh 3g EDTAK2 with an electronic balance, add distilled water to 200ml, mix well to make
15g/L EDTAK2 solution for use.

2.2.2. Effect of Three Methods of Pretreatment Syringe on Blood Sampling of Tail Vein of Goldfish
and Preparation of Anticoagulant

Wrap the fish with clean medical gauze to secure it during blood collection, and the entire blood
collection procedure must be completed quickly. To minimize harm to the fish body, the fish is
quickly returned to the pool and iodine wound disinfection following blood collection to ensure that
the fish are still alive. To test which pretreatment method is best for blood collection from the goldfish
tail vein, the following three methods were applied to the syringe:

Syringe pretreatment A: Blood was drawn from the subscale vein of the tail of living goldfish
using a moistened 1 ml syringe with 1% heparin sodium to see if it could be drawn smoothly and if
it agglutinated in the syringe.

Syringe pretreatment B: Blood was drawn directly into the sublateral scalar vein of the tail of a
living goldfish with a 1 ml syringe, and it was observed whether the blood could be drawn smoothly
and whether the blood in the syringe was clotted or not;

Syringe pretreatment C: A 1ml syringe was moistened with EDTAK2 solution prepared in step
1.2.1, and blood was drawn from a vein under the caudal lateral scale of a live goldfish, and whether
the blood in the syringe was agglutinated or not.

The method with the smoothest blood draw and non-clotting blood among the above three
syringe pre-treatment methods was chosen for blood collection from goldfish in the formal test. After

doi:10.20944/preprints202309.1866.v1


https://doi.org/10.20944/preprints202309.1866.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2023

3

the blood draw was completed, the blood was slowly injected into a centrifuge tube to which 0.01 ml
of EDTAK? anticoagulant (prepared in step 1.2.1) had been added beforehand, mixed well to make
anticoagulated blood, and placed in a refrigerator at 4° C for storage until use.

2.2.3. Preparating of Serum from Celestial Goldfish

Choose the pretreatment method used to draw the smoothest and non-clotting blood in step
2.2.2. The blood was slowly fed into the centrifuge tube without the use of an anticoagulant after the
moving (static) pulse of the live goldfish tails were drawn. Without using an anticoagulant, the blood
was spun at 8000 revolutions per minute for 10 minutes before the upper serum was absorbed and
the tubes were stored in the refrigerator at 4 °C.

2.2.4. Collection of Vitreous Humor in the Celestial Goldfish

The goldfish were fixed with only their eyes visible, wrapped in sterile medical moist gauze.
Select a 2ml syringe, insert the needle into the goldfish eyeball's posterior portion, slowly remove the
vitreous fluid, remove the syringe needle, and slowly inject the vitreous fluid into the centrifuge tube
with 0.01ml EDTAK2 anticoagulant (preparation step 1.2.1); then, store the centrifuge tube at 4 °C in
the refrigerator until needed.

The vitreous humor was absorbed and stored at 4 °C in the refrigerator after being extracted
using the aforementioned method. At the same time, withdraw the syringe needle and slowly inject
it into the centrifuge tube without using an anticoagulant.

When pumping vitreous humor, always pay attention to position the needle away from the
eyeball's blood vessels to prevent blood from mixing and to lessen damage to the fish. At the same
time to grasp the depth of the needle into the eyeball, not too deep in order to avoid piercing the
eyeball. After many experiments, during the actual operation of this trial, the needle was withdrawn
after the vitreous humor was drawn, and the whole process did not have the phenomenon of
mistakenly stabbing the blood vessels of the eyeball to the hemorrhage phenomenon of the eyeball.
To ensure the survival of the goldfish, return them to the original location right away after pumping
the vitreous humor.

2.2.5. Analysis of Physiological Indexes of Blood and Vitreous Humor of Goldfish

Taken three replicates each of whole blood with anticoagulant prepared in 1.2.2 and vitreous
fluid with anticoagulant prepared in 1.2.4, and the blood routine indexes were measured using an
automatic blood analyzer. White blood cells, red blood cells, hematocrit, mean corpuscular volume,
average erythrocyte hemoglobin content, mean erythrocyte hemoglobin concentration, platelet
count, erythrocyte distribution width (SD), neutrophils, lymphocytes, monocyte percentage,
eosinophil count or percentage, basophil percentage, neutrophil percentage, lymphocyte percentage,
and percentage of monocytes were the 17 indicators that were measured.

2.2.6. Analysis of Biochemical Indexes of Blood and Vitreous Humor of Goldfish

Both the upper vitreous humor and the goldfish serum that were made in 1.2.3 and 1.2.4 in
triplicates had their respective biochemical indexes measured by a fully automatic biochemical
analyzer. Total protein, albumin, alkaline phosphate plum, -glutamyl transpeptidase, total bile acid,
glucose, urea, uric acid, creatinine, total cholesterol, triglyceride, high density lipoprotein cholesterol,
low density lipoprotein cholesterol, potassium, sodium, chlorine, calcium, and cholinesterase were
the 23 indexes that were measured.

2.2.7. Effect of Collecting Blood and Vitreous Humor on the Follow-Up Survival Rate of Goldfish

The following three groups of experiments were created to watch and compare the follow-up
survival rate of goldfish collected blood and vitreous humor in order to examine the effect on the
follow-up survival of goldfish after collecting blood and vitreous humor in this experiment.

doi:10.20944/preprints202309.1866.v1
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In the first group, 15 goldfish after vitreous humor extraction in the experiment were randomly
divided into three groups of five in each group. They were individually isolated and kept in the
original location for two months, then the condition of the eyes was observed and the survival rate
was counted.

The second group was formed by randomly dividing 15 goldfish into three groups after blood
was drawn from their tail veins. After two months of isolation in the initial cement pond, their health
was assessed, and the survival rate was calculated.

The third group consisted of 15 goldfish from the original location who were separated into three
groups randomly as the control group. After fixing the fish with fresh, moist gauze for around 30
seconds (enough time to collect blood and vitreous humor), the gauze was taken off and the fish was
returned to the original location. After two months of separate breeding, the health state and survival
rate were assessed.

2.3. Calculations and Statistical Analysis

The data obtained from the test were statistically presented as mean+standard error (mean=SE)
using Excel 2007 software and the t-test was used to analyse the significance of differences at a
significance level of P<0.05 and a highly significant level of P<0.01.

3. Results and Discussion

3.1. Comparison of Methods of Collecting Blood from Arterial (Static) Pulse in the Tail of the Goldfish

After repeated tests, blood was drawn from the tail vein after moistening a 1 ml syringe with 1%
sodium heparin most smoothly, and the probability of blood coagulation occurring during the blood
draw was the smallest. The use of 15 g/L. EDTAK?2 solution to moisten 1 ml syringes or the use of 1
ml syringes to draw blood directly from goldfish has often resulted in blood clots clogging the
needles, making it impossible to complete the blood collection. Therefore, 1% sodium heparin
moistened 1 ml syringe was used in this experiment before tail vein blood collection.

3.2. Survival Statistics of the Celestial Goldfish after Blood and Vitreous Humor Extraction

After blood and vitreous humour were taken from the goldfish, they were cultured for another
2 months to observe the health status and survival rate. The survival rate was statistically analysed
and compared with that of the uncollected goldfish, the difference was not significant. Table 1
displays the specific observation and statistical findings.

Table 1. Statistics on the survival rate of goldfish in three groups.

Groups S;::;ZI Symptom Description
celestial goldfish grotp for 80+5.442 Recovered in about 1 month
blood collection
celestial goldfish group for Congestion in the eyeballs within 1 month,
. . 90+5.442 ,
vitreous humor collection blurring of the eyeballs after 2 months
Untreated celestial goldfish 9045442 normal
group

3.3. Analysis of Physiological Indexes of Blood and Vitreous Humor of Goldfish

Blood physiological indicators in celestial goldfish were detected by a fully automated
haematology analyser with data results, but no data were available for the indicators measured in
vitreous humor. The results showed that hemoglobin levels in celestial goldfish was 138.25g/L,
2.19x10"?/L for red blood cells, and 62.21x10%L for white blood cells. Table 2 displays the specific
results.

doi:10.20944/preprints202309.1866.v1
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Table 2-1. Result of blood and vitreous humor physiological indicators in the celestial goldfish.

<.mole WBC RBC HGB HCT _ . MCH MCHC PLT RDW-CV
P g0 100 gL % Pg gL 1L %
62.21+82.19+0. 138.25+14.7 41.70+ 187.10=1. 75.75+1. 410.50+2. 6.00+0.9
blood = - 49 4 158 44 16 05 g 21708095
vitreous

humor No data display after test

Table 2-2. Result of blood and vitreous humor physiological indicators in the celestial goldfish.

NEU LYM MON EOS BAS . R R
sample  yon g 10 10/ 10 U LYM% MONY
blood  1.37+0.10 59.53+14.32 2.05¢0.19 0 0 2.05+0.03 94.75+0.26 2.50+0.28
vitreous

humor

No data display after test

3.4. Analysis of Biochemical Indexes of Blood and Vitreous Humor of the Goldfish

After analysis by a fully automated biochemical analyser, serum 20 biochemical components
were also detected in the vitreous humor of the goldfish, including total protein, albumin, ghrelin,
total bile acids, glucose, potassium, sodium, total cholesterol, triglycerides, HDL cholesterol, LDL
cholesterol, 11 indicators of the concentration of the vitreous fluid were lower than the serum;
alkaline phosphatase, total bile acids, Alkaline phosphatase, total bile acids, urea, chloride, calcium,
creatinine, and cholinesterase, the concentrations of those were not significantly different between
vitreous humor and serum; but glutamine transaminase and gamma-glutamyltransferase, the
concentrations of them were significantly higher in vitreous humor than in serum. The results of
biochemical indexes of blood and vitreous humor of the celestial goldfish are shown in Table 3.

Table 3-1. Result of blood and ocular humor biochemical indicators in the celestial goldfish.

ALT TP ALP  GGT TBApmol GLU UREumol UA
sample ;,; AST UL, ALB gL .  yup /L mmol/L /L  umol/L
v 26.3311.0 235.31313.8 31.6210.5 14.9?10.0 30.6;11.1 76032 0705000 3755016 2.3450.08 13.6;10.2
i 7.0044.0 114.00+1. 26.00+0.5 14.89+0.4
vitreous 87.00+4.0 114.00£1.0 ) o 05 5 540,03 2000405 1489204 ) 1 011 0.700.02 1.860.02 -5.55+0.72
humor 3 9 4 7
differenc *ok *o% *% *o% NS % NS %% NS *%

e

Table 3-2. Result of blood and ocular humor physiological indices in the celestial goldfish.

samole Na Cl Ca CREA CHOL TG HDL-C LDL-C CHE
P’€ mmol/L mmol/L mmol/L mmol/L pmol/L mmol/L mmol/L mmol/L. mmol/L. mmol/L
5.17+0.0 149.40+0. 162.47+19.2.62+0.0 29.67+0. 6.37+0.1 2.42+0.0 345.00+11.
serum 95 15 - - 6 4 2.37+0.131.41+0.01 43
2.24+0.0132.85+0. 151.20+15.2.61+0.0 30.00+2. 1.13+0.0 0.10+0.0 323.00+8.5
eyeball 5 08 05 5 05 5 5 0.39+0.02 0.17+0.00 0
dlffceeren % % NS NS NS *3% 4% % *% NS

Note: ** indicates a very significant difference (P<0.01), * indicates a significant difference (P<0.05), NS indicates
an insignificant difference (P>0.05).
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4. Conclusions

4.1. Exploration of Blood Collection Methods for the Celestial Goldfish

The technique of taking fish blood from the arterial (static) pulse of the syringe is very popular
and has the benefits of being quick and easy [12]. This approach was used in the study, although
there were some issues in practice: Firstly, there is the inability to find blood vessels and repeated
lancing, resulting in excessive bodily injury to the fish; Secondly, the needle slips out when the fish
struggles, making it difficult to draw blood; Lastly, the use of syringes to draw blood is prone to
clotting, making it difficult to carry out subsequent experiments. Before conducting this experiment,
exploratory pre-experiments were conducted to address these issues: First, some experimental
goldfish were dissected to examine the position and tissue structure of the tail arterial (static) pulse.
It was discovered that the arterial (static) pulse of the goldfish tail were distributed in the muscles
under the lateral line and on the tailbone, so the needle was chosen to be positioned obliquely below
the lateral line scale of the goldfish tail stalk. Second, the medical gauze is moistened with the goldfish
pond water before being wrapped around the fish to fasten it, particularly to hide its eyes so that only
the tail stem and tail fin were visible. Wetting medical gauze and then wrapping the goldfish can
help to reduce the stress and harm to them during the blood collection. Compared to tap water or
distilled water, the osmotic pressure and oxygen content of the goldfish's pool water were more
suitable for goldfish, allowing them to live in a more familiar and secure environment. With this
method of stabilising the goldfish, the goldfish struggled the least and had the least effect on the
blood sampling, which is in line with the suggestion of 'wrapping the fish with a wet towel during
blood sampling, and only the needle penetrating into the fish body well' as mentioned by Zhao
Haipeng][12]. Finally, to address the problem of coagulation that tends to occur with syringe blood
draws, after repeated comparative experiments, it was found that 'the use of 1% sodium heparin to
moisten a 1 ml syringe and then proffer blood in the tail vein' was the most effective. Additionally,
anaesthetics are frequently used to keep fish from struggling, but considering the possible effects of
anaesthetics on the fish's blood indicators, anaesthetics were not used in this study. The goldfish
utilized in this experiment were medium-sized individual of about 12 cm, wrapped in medical wet
gauze, and easy to control without anesthetics, so anaesthetics were not used throughout the
experiment.

Anticoagulants are frequently used by researchers to treat blood draws or blood storage
containers in order to stop premature blood clotting. Anticoagulants commonly used in fish
haematology studies include heparin, EDTA.Na2, EDTA.K2 and sodium citrate, etc. Different
anticoagulants have different effects on the results of haematological indexes due to their different
compositions and anticoagulant mechanisms[13]. According to Li Ping's studies, EDTA-K2
anticoagulants were the best for detecting blood cells [14]. In order to measure the physiological
parameters of goldfish blood in this experiment, EDTA-K2 was also added as an anticoagulant to the
blood collection tube.

4.2. Effect on Subsequent Survival of Goldfish after Extraction of Blood and Vitreous Humor

The celestial goldfish are ornamental fish with ornamental, economic and scientific value. [15].
Ensuring the survival of goldfish is positive for their subsequent research, conservation or economic
value. In this study, celestial goldfish were subjected to blood collection and then cultured for 2
months to observe their health and survival rate. It was found that the difference in survival rate was
not significant when compared to untreated celestial goldfish. It also shows that the method of
collecting blood from celestial goldfish in this study did not affect their subsequent survival. In the
diagnosis and treatment of human diseases, blood collection is not life-threatening when controlled
within appropriate limits. Therefore, when collecting blood from celestial goldfish, minimising
irritation and damage to the fish and controlling the amount of blood collected will also ensure its
subsequent survival.

In some Studies on human eye diseases , aqueous humor of patients had be directly collected by
syringe extraction [16], and vitreous humor was also studied in this study using syringe extraction.
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Surgical removal of the vitreous body is sometimes used as a treatment for human eye-related
diseases, but it is also prone to infectious endophthalmitis after surgery[17]. In this study, we also
found those fish’ eyes were intraocular congestion and turbidity, after extracting the vitreous humor
from the celestial goldfish, who were reared for an additional two months. And those fish ‘eyes
maybe had some intraocular infection and inflammation . At the same time, it was discovered that
the survival rate difference between the two groups was not statistically significant, when compared
to normal celestial goldfish. This revealed that celestial goldfish can survive after extracted vitreous
humor. The Experimental results would provid assurance for the subsequent study of celestial
goldfish.

4.3. Comparison of the Contents of Erythrocyte and Hemoglobin in the Celestial Goldfish

Red blood cells are the main components of fish peripheral blood cells and play an important
role in the body [18]. The red blood cell number of the celestial goldfish was (2.19x10%2/L) , which
was close to the goldfish measured by Watson L] et al (2. 03x10'%/L) [19]. Celestial goldfish belongs to
the Sparidae, Carassius, Car-assius auratus [1], and the number of red blood cells are similar to
Xiangjiang wild carp (2.06x10'%/L) [20] and carp (2.01x10'%/L) [21], but there were differences from
carp (1.41x10%2/L) [22], furong crucian carp (1.47x10'2/L) [23], crucian carp (1. 27x10'2/L) [24] and koi
(2.75-5.75x 10"/L) [25], which may be due to the species and the environment affecting the red blood
cell count of the fish. By comparing with carps, it can be determined that healthy celestial goldfish
have a red blood cell count order of 10'?/L.

The main function of hemoglobin is to transport and store oxygen,and it also plays a part in
controlling the level of carbon monoxide, regulating pH and immune response[26]. HCT implicates
in blood transporting oxygen [27]. The hemoglobin content of celestial goldfish measured in this
study was 138.25 g/L, which was higher than that of common carp (88.7g/L) [22] and furong crucian
carp hemoglobin(71.0g/L) [23]. The HCT of the goldfish was 41.70%, which was similar to crucian
carp (39.92%)[24]. Goldfish has wide adaptability and has the ability to survive under low dissolved
oxygen, which may be closely related to its own oxygen carrying capacity of hemoglobin and the
ability of erythrocyte specific volume to utilize oxygen.

4.4. Analysis of the Number and Composition of White Blood Cells in the Celestial Goldfish

White blood cells are the main immune defense tissue of fish, and sometimes the changes of
them in peripheral blood are used to evaluate the immune system [28]. The number of white blood
cells of celestial goldfish was 62.21 x 10° /L, which was slightly higher than that of goldfish (21.99 x
10°/ L) [19] and carp (20.95 x 10° / L) [22], but All three have the same order of magnitude (10° / L).
While the white blood cells of koi carp were 2.37-372 x 10" / L [25]and that of Furong carps were 7.45
x 101 / L[23]. The order of magnitude of these two were both 10" /L, which were much higher than
the celestial goldfish. It may be that different fish species, different environments of the same fish
species, different measurement methods and so on can lead to differences in white blood cells [12].

The types of white blood cells in fish mainly include neutrophils, monocytes, lymphocytes,
eosinophils, basophils and so on [12]. Studies have shown that neutrophils in fish are important non-
specific immune cells in fish, which participate in the inflammatory response of the body [29]. In this
study, the number of neutrophils of the celestial goldfish was 1.37x10%L, which was close to that of
goldfish (1.132x10°/L) [19]. Monocytes also have a non-specific immune function, capturing their own
senescent cells and foreign material for phagocytosis and digestion[30]. In this study, the monocytes
of the celestial goldfish were 2.05x10%L. Lymphocytes are the most common white blood cells,
accounting for the highest proportion [12]. In this test, the number of lymphocytes of the celestial
goldfish was 59.53 x 10%/L, which was slightly higher than that of goldfish (20.32x10°/L) [19].
Eosinophils are rarely observed in the peripheral blood of fish, and eosinophils and basophils can be
observed in the peripheral blood of only a few fish. Some fish have neither basophils nor eosinophils
[31]. The eosinophils and basophils of goldfish were 0.499 x109/L and 0.04x109/L determined by
WatsonL] et al. [19], but no eosinophils and basophils were detected in the peripheral blood of
goldfish in our study, which is consistent with previous findings. Eosinophils and basophils were not

doi:10.20944/preprints202309.1866.v1
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found in the blood of various ploidy crucian carp according to Liu Qiao et al. [32], and basophils were
not discovered in the peripheral blood of crucian carp according to Zhu Hongwen et al. [33].
Eosinophils and basophils were not discovered in three varieties of Pu'an crucian carp by Zhou
Xianjun et al. [34]. Eosinophils and basophils were not discovered by Zhao Haipeng [12] in the blood
of several economic fish in middle and upper reaches of Yangtze river. Eosinophils and basophils in
the blood of fish are mainly found in tissues such as the head, kidney, spleen, and liver, and are less
abundant in peripheral blood [12].It may be due to the fact that the blood of celestial goldfish tested
was peripheral blood and its eosinophils and basophils were not detected due to their low or almost
absence.

4.5. Analysis of the Characteristics of Blood Biochemical Indexes in the Celestial Goldfish

The stability of different inorganic components in blood is crucial for maintaining the
homeostasis of the fish, and Na* and Cl-, which account for more than 95% of the blood's cations and
anions, respectively, are crucial for maintaining plasma osmolality and the acid-base balance [35].
Hisao Ozaki [27] generalized the range of serum inorganic constituents of scleractinian fishes, and
the concentrations of potassium, sodium, Cl, and calcium in the blood of celestial goldfish measured
in the present study were within the range of the generalized standard values.

The blood's organic components include triglycerides, protein, cholesterol, creatinine, and blood
sugar. The level of blood glucose reflects the metabolic level of the fish[36]. Triglycerides are the main
substances in the metabolism of fish lipids, and cholesterol is the raw material for the synthesis of
some hormones and enzymes, all of which are essential for normal life activities in fish [37].
Creatinine implicates in muscle activity [38]. The blood glucose of the celestial goldfish was
3.75mg/L and lower than that of grass carp (5.60-19.05mg/L) , abalone (6.60-26.61 mg/L) [12] and
Furong carp [23]. The blood triglyceride (2.42mg/L) and total cholesterol (6.37mg/L) of goldfish were
higher than those of Furong carp[23]. In this study, the celestial goldfish’s blood creatinine was lower
than grass carp and bighead carp [39] and was close to long-snout catfish [39]. Goldfish is an
ornamental fish, it is easier to obtain bait, because of less activity, so the content of blood glucose and
creatinine is low, the consumption of energy is also low, the stored fat is more, the total cholesterol
and triglyceride content is higher.

Blood proteins are important in determining health, nutrition and disease in goldfish[40].
According to Yukio Ozaki [27], the majority of bony fish had serum protein concentrations between
30 and 50 g/L. The total blood protein concentration of goldfish in this study, 31.62 g/L, was
comparable to that of allogenic silver crucian carp [41]. The measured HDL and LDL content of blood
of celestial goldfish was closer to that of furong crucian carp measured by Cheng Xiaofei et al [23].

Alkaline phosphatase, glutamic pyruvic transaminase, glutamic oxaloacetic transaminase,
cholinesterase, and other enzymes are also included in the blood's organic components. Alkaline
phosphatase (ALP), glutamic pyruvic transaminase (ALT), and glutamic oxaloacetic transaminase
(AST) are not only found in blood but also in tissues such the liver, heart, Gill, kidney, and muscle in
fish [42]. The celestial goldfish's blood ALP and AST levels were comparable to those of Furong
carp and grass goldfish, respectively [23,43]. The level of ALT was between that of Furong carp[23]
and grass goldfish[43].

The data for this experiment were obtained from the healthy celestial goldfish, whose
biochemical indicators can be used as basic blood index parameters for goldfish.

4.6. Biochemical Components in Vitreous Humor of the Celestial Goldfish

Human eyeballs contain 80% vitreous humor, which is made up of 99% water and the remaining
1% of proteins, inorganic salts, carbohydrates, lactic acid, urea, vitamin C, amino acids, lipids, and
other substances. Hyaluronic acid, proteoglycan, collagen, and non-collagen protein are the
structural macromolecules of vitreous [44]. There are only a few vitreous cells in the vitreous, and
they are mostly found at the base and in the vitreous cortex [44]. In our investigation, the vitreous
humor was taken from the middle of the goldfish's vitreous body.,so no cells were found,
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Chen CH et al [45] summarized that most of the serum components can be present within the
vitreous fluid, but in lower concentrations than serum. The concentrations of 11 indexes in the
celestial goldfish vitreous humor were lower than those in the serum, and this results were consistent
with the findings of ChenCH et al. [45], but there was no appreciable difference in the concentrations
of ALP, total bile acid, urea, chlorine, calcium, creatinine, and cholinesterase between in the vitreous
humor and the serum. In addition, levels of glutamic pyruvic transaminase and -glutamyl
transpeptidase in serum were substantially lower than those in vitreous humor. The synthesis of
alanine was associated to glutamic pyruvic transaminase [46], while the transmembrane transport of
amino acids and the control of glutathione (GSH) level were related to y-glutamyl transpeptidase
[47]. These two might be connected to the aberrant metabolism in the celestial goldfish’s vitreous
humor.

In the vitreous humor, there was a small amount of albumin, which could be utilized as a gauge
for the health of the blood-ocular barrier [48]. According to David [48], the albumin concentration in
the vitreous humor of the telescope goldfish increased with the expansion of the eye in larger fish.
.and the largest group of telescope goldfish had an albumin content in vitreous humor of 2.41g/L,
which was only marginally higher than our celestial goldfish (2.50g/L). Both celestial and telescope
goldfish had suffered from visual function deficit, but the eye diseases were different between them.
Celestial goldfish and goldfish with dragon's eyes both have abnormal functioning of the eyes,
however, the development of celestial goldfish is accompanied by varying degrees of retinal
degeneration [6], resulting in narrow vision and low light; Although the telescope goldfish 's eyeballs
were protruding as well, its myopia was severe, and there was no retinal degeneration [49]. By
comparative analysis, the albumin concentration in the vitreous humor of our celestial goldfish was
higher than that of David’s telescope goldfish [48], so it is speculated that probably celestial goldfish
have a more severe degree of change in the condition of the membranes associated with the blood-
retinal barrier than goldfish with dragon's eyes.

The celestial goldfish had lower levels of glucose, creatinine, and urea in their vitreous humor
than the dead people [48]. It may be due to the fact that with the death of cells associated with the
blood-eye barrier after the death, the membrane permeability increases and the relevant substances
within the blood can enter the vitreous humour, so the vitreous humour of the celestial goldfish taken
in this case was sampled in vivo. Additionally, there was no discernible difference of the contents of
urea and creatinine between in vitreous humor and blood of the celestial, while the contents of urea
and creatinine in the vitreous humor of cattle [50] and humans [48] were lower than their respective
blood. It may be due to the altered permeability of the blood-retinal barrier to urea and creatinine in
the eye of celestial goldfish.

The content of Ca? in vitreous humor of the celestial goldfish was similar to of humans (2.45
mmol/L) [51]. There was no discernible difference between the contents of Ca?* and Cl, in vitreous
humor and blood, whereas the contents of Ca2?* and Cl-, in human vitreous humor were different from
those in blood [48]. The ion transport and metabolism pathway in the celestial goldfish’s vitreous
humor might be different from that of human vitreous body.

1) The difference in subsequent survival rates after blood and ocular fluids were extracted from
the celestial goldfish was not significant when compared to the non-experimental goldfish. (P>0.05).

2) Tn the tested celestial goldfish blood, the red blood cells were 2.19x10'2/L, the white blood
cells were 62.21x10°L, the hemoglobin was 138.25g/L, and eosinophils and basophils were not
detected.

3) A total of 20 biochemical indexes of celestial goldfish’s blood and vitreous humor were
determined, of which 11 indexes had lower concentrations in vitreous humor than serum, including
alkaline phosphatase, total bile acid, urea, chlorine, calcium, creatinine, cholinesterase ; 7 indicators
were not significantly different in vitreous humor from those in serum; The concentrations of alanine
aminotransferase and y-glutamyl transpeptidase in vitreous humor were significantly higher than
in serum.

The measured data were all from the constitutionally healthy celestial goldfish, and the ranges
of physiological and biochemical indicators could be used as the basic blood index parameters of the
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celestial goldfish. Through the study of the physiological and biochemical indicators of celestial
goldfish blood and vitreous humor, it could provide basic reference materials for better
understanding of its biological characteristics and disease prevention and control, as well as the
mechanism of celestial goldfish's unique eye formation.
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