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Abstract

Objective: To explore an intervention method to reduce the mortality of al-
loxan diabetes model, and to preliminarily analyze the mechanism of alloxan
induced animal death. Methods: Healthy New Zealand rabbits were randomly
divided into injection group, control group, experimental group and blank
group. The single injection group was injected with 100 mg/kg alloxan once.
The control group was given 5% glucose solution and 100 mg/kg alloxan was
injected in two times. The experimental group was given 5% glucose solution
orally, 100 mg/kg alloxan, 7 mL 0.9% NaCl intravenously and 5 mL 5% glu-
cose intraperitoneally immediately, and blood glucose was continuously mo-
nitored, 10 mL 5% glucose intravenously and 10 mL 5% glucose intraperito-
neally every 4 h in the hypoglycemic stage. The blank group does nothing.
Liver and kidney tissues at different time periods were stained with HE and
organ index was evaluated. Results: 1) A single injection of 100 mg/kg allox-
an without any intervention resulted in 100% mortality. Before modeling,
oral administration of 5% glucose solution, divided into two injections of 100
mg/kg alloxan, mortality reached 100%; A single injection of 100 mg/kg al-
loxan and continuous intervention of normal saline and glucose for 20 h can
significantly reduce the mortality of alloxan induced diabetic rabbit model. 2)
Liver and kidney tissues were damaged in different degrees at different time
periods, and liver and kidney indexes were significantly increased after allox-
an injection compared with the normal group, with statistical significance (P >
0.05). Conclusion: 1) Every 4 hours of hypoglycemia, 10 ml 5% glucose was
injected intravenously + 10 ml 5% glucose intraperitoneally. It can reduce the
death rate of alloxan diabetic rabbit model and shorten the time of blood
glucose measurement. 2) After the injection of alloxan, acute lesions of liver
and kidney may occur in different degrees, or one of the causes of acute death
of experimental animals.
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1. Introduction

The incidence of diabetes mellitus (DM) is increasing worldwide. Complications
such as Diabetic nephropathy, diabetic retinopathy and Diabetic foot ulcer (DFU)
bring irreversible damage to patients, and the healthcare system is faced with a
heavy burden [1]. DFU is a common and serious complication of diabetes with-
out effective clinical intervention, and its pathogenesis is complex and related to
multiple signaling pathways [2]. Therefore, the application of animal models in
the basic experimental research of DM becomes particularly important.

Alloxouracil is often used as a chemical drug to construct DM models, and
has been successfully constructed in rats, mice, rabbits and other animals [3] [4]
[5] [6]. Due to its strong toxicity, the survival rate of rabbits with the same route
of administration, gender, weight and age is not consistent, and the specific me-
chanism of death is unclear. Most of the articles did not mention the dose used
and the treatment done during modeling, for example, the rabbit diabetes model
was constructed with 80mg/kg alloxouracil, and the mortality rate was 75%, and
the mortality rate was 100% when the dose was increased to 150 mg/kg, or vague
reports such as “abnormally low mortality” and “no significant mortality” were
given [7] [8] [9].

Alloxan injection has three characteristic stages (hyperglycemia-hypoglycemia-
hyperglycemia), hypoglycemia is the destruction of islet beta cells by alloxan, a
large amount of insulin into the blood, if no intervention, the death rate is as
high as 100%. Bacevic ef al [10] administered 100 mg/kg intravenous injection
(iv), monitored blood glucose every 1 h/time, recorded BFL <100 mg/dL, and
intraperitoneally injected 5 ml 5% glucose solution (ip). Record value BGL &lt;
50 mg/dL, intravenous (iv) 5 ml 5% glucose solution, this intervention can re-
duce the mortality of rabbits to about 8% [7]. Bacevic [10]’s intervention method
requires 36 h continuous glucose monitoring, which consumes a lot of time and
resources, and is difficult to reproduce in realistic model making. Therefore, based
on the above intervention methods, we aim to propose a modeling method that
can not only guarantee the success rate of diabetes model, but also greatly shorten
the blood glucose monitoring time, and preliminarily explore the lethal mechan-
ism of alloxouracil, so as to provide strategies for researchers to carry out basic

research on DM.

2. Materials
2.1. Drugs and Materials

Alloxouracil, domestic Sanuo blood glucose meter, Sanuo GA-3 blood glucose
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test paper (manufacturer: Zhuoyi Biochemical Co., Ltd.); 0.9%NaCl injection,
specification: 100 ml/bottle (Manufacturer: Guangxi Yihe Medical Co., Ltd.); Pe-
nicillin sodium, specification: 400,000 U/bottle (manufacturer: Anhui Fengyuan
Pharmaceutical Co., Ltd. Huaihai Pharmaceutical Factory); 95% alcohol (manu-
facturer: Guangxi Yihe Medical Co., Ltd.); Iodophor (Maoming Disinfection
Supplies Factory Co., Ltd.); 5% glucose, specification: 500 ml/bottle (Henan
Shuanghe Huali Co., Ltd.); Insulin injection, specification: 400 u/box (Manufac-

turer: Jiangsu Wanbang Biochemical Pharmaceutical Group Co., Ltd.

2.2. Laboratory Animal

Fifty-two 6-month-old healthy New Zealand rabbits were purchased from Gua-
ngxi Tiandong Longxiang Rabbit Industry Co., Ltd. (Qualification certificate No.
0009810), weighing about 2.0 - 3.0 KG. The experiments were all conducted in
the Animal Experimental Operation Room of Youjiang Medical College for Na-
tionalities (license No. SYXK GUI 2017-0004), the experiment was approved by
the Animal Ethics Committee of Youjiang Medical College for Nationalities
(approval number: 2021082501). All animals were routinely and adaptively fed
for one week, the light was kept in circadian rhythm for 12 hours, the tempera-
ture was controlled at 24°C - 26°C, and the relative humidity was controlled at
50% - 70%, in accordance with the “3R principle” of experimental animals. Fif-
ty-two experimental animals were randomly divided into four groups according
to random number table method: A single injection group (n = 13, A1 - A13); B
Control group (n = 13, B1 - B13); Experimental group C (n = 13, C1 - C13); D
Blank group (n = 13, D1 - D113).

3. Treatment of Laboratory Animals

3.1. Preparation before Molding

The blood sugar of the four groups of experimental animals was measured be-
fore modeling to ensure that the blood sugar of all animals was normal before
the experiment. B and C were given grape solution orally before surgery to an-
tagonize excess insulin, overnight; Group A and D were given regular diet with-

out special treatment.

3.2. Establishment of Diabetes Model

The preparation of the diabetes model was established according to Bacevic’s
[10] method: routine iodophor disinfection and 95% alcohol wiping filled the
rabbit ear border vein. Group A received a single dose of 100 mg/kg alloxouracil
without intervention. The B component was twice iv100 mg/kg alloxouracil, 1/2
of the total amount injected in 1d, and the remaining dose was injected again in

2 d. Group C single dose iv100 mg/kg alloxouracil. Group D is not processed.

3.3. Liver and Kidney Staining

The experimental animals were dissected, liver and kidney tissues were taken
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out, and the tissue changes were observed by HE staining.

3.4. Statistical Analysis

Data were analyzed by GraphPad 8.02 statistical software, and the survival rate
of different groups was compared by Logrank test for trend analysis. The surviv-
al rate between groups was compared by Gehan-Breslow-Wilcoxon test. By P&lt;

0.05 was considered statistically significant.

4, Result

4.1. Animal Survival Rate

The blood glucose values of all rabbits were in the normal range before model-
ing. Experimental animals in group A began to die successively after 6 h injec-
tion of alloxouracil, and all died on the 2nd day. About 6 h after the first injec-
tion of alloxouracil, 3 rabbits in group B showed symptoms such as lethargy and
shortness of breath. Three rabbits showed symptoms such as limbs twitching,
dilated pupils and mania. Four more rabbits died; All died in 2 d. Experimental
animals in group C were given 7 ml normal saline and 5 ml ip 5% glucose im-
mediately after iv injection of alloxouracil to reverse hypoglycemia. After that, iv
10 ml 5% glucose + ip 5% glucose every 4 hours until the hypoglycemic stage
was passed, only 1 animal died. No abnormality was found in the experimental
animals in group D.

Team A is dead. All rabbits in Group B died within 2 days. In group C, 12
animals survived after 48 hours of induction. Blood glucose was measured for
the first time after 6 hours of injection of alloxouracil, and it was found that one
animal (C6) showed decreased blood glucose with a blood glucose value of 6.0
mmol/L (>100 mg/dl). 5 ml of 5% glucose solution was injected intraperitoneally
according to Bacevic et al [6]. 4 h later, we found that the blood glucose value
dropped to 1.3 mmol/L, and symptoms such as malaise and limp limbs ap-
peared. The patient was given 10 ml 5% glucose solution urgently in iv, and 1.1
mmol/L blood glucose was remeasured 4 h later, and 10 ml 5% glucose solution
was given again, and finally died. Experimental animals in group D showed no

abnormality, as shown in Table 1.

4.2. Hyperglycemic Phase

At 4 h after administration, the blood glucose level of all animals in group C in-
creased, and the increase value of different animals was significantly different,
with the highest being 30.3 mmol/L and the lowest being 6.0 mmol/L (rabbit
numbered C6). At this time, C6 had entered the hypoglycemic stage, so we in-
ferred: Rabbits will enter a hypoglycemic phase 6 h after injection of alloxan, and

the hyperglycemic phase will not lead to death in rabbits.

4.3. Hypoglycemic Phase
The hyperglycemic phase is followed by the second phase, the hypoglycemic
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phase, where glucose levels gradually decrease. We treated C6 according to pre-
vious studies: whenever the recorded value was below 100 mg/dL, 5% glucose
solution (5 mL) was injected according to the individual blood glucose level
(BGL) at the time of measurement; If you measure BGL &lt; At 50 mg/dL, an iv
injection of 5% glucose solution will be given; Such treatment did not make C6
recover, but remained in the hypoglycemic stage and eventually died.

For the remaining 12 rabbits, we measured the blood glucose value every 4
hours in the next 20 h, and gave iv 5% glucose solution 10 ml + ip 5% glucose
solution 10 ml. For rabbits with a large decrease span of blood glucose value
(>10 mmol/L) or blood glucose value below 4 mmol/L, Appropriate addition of
5 - 10 ml 5% glucose solution could be made, continuous monitoring for 20 h,
and 10 ml iv 5% glucose solution + 10 ml ip 5% glucose solution was given again
at 20 h. No symptoms such as malaise and limp limbs were found, and the hy-

poglycemic period was safely passed, as shown in Figure 1.

Table 1. Survival of three groups of experimental animals within 2 d after modeling.

Group Death Survive Survival rate (%)
A 13 0 0
B 13 0 0
C 1 12 92.3
D 0 13 100%
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Blood glucose was measured in the hypoglycemic stage

Figure 1. Changes of blood glucose in the hypoglycemic stage. 1) 1 is the hyperglycemic
stage, and 2 - 5 is the blood glucose measured every 4 hours in the hypoglycemic stage. 2)
Each line segment represents the variation trend of blood glucose values measured in the
hypoglycemic stage of an animal.
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As can be seen from the figure above, all rabbits entered the hypoglycemic
stage within 6 hours. At the first time of hypoglycemia, each rabbit was given 10
ml iv 5% glucose solution + 10 ml ip 5% glucose solution. The blood glucose
value showed a downward trend from the stages 2 - 4, but the decline was slow,
and the blood glucose value of some rabbits increased. By the 5th blood glucose
test, the blood glucose value of all rabbits tended to be stable. After iv 10 ml 5%
glucose solution + ip 10 ml 5% glucose solution again, overnight observation; In
2 d, no experimental animals were found dead, and no symptoms such as le-

thargy and limp limbs were found.

4.4. Persistent Hyperglycemic Phase

After 20 h, iv 10 ml 5% glucose solution + ip 10 ml 5% glucose solution was giv-
en overnight. The blood sugar was measured again the next day, and it was
found that all the animals passed the hypoglycemic stage safely, and in the fol-
lowing two days, no rabbit’s blood sugar value entered the hypoglycemic stage
again (Table 2), indicating that the modeling was successful. None of the ani-

mals received insulin during the two days observed.

4.5. Analysis of Changes of Blood Glucose Value in Experimental
Animals during Modeling

In the whole experiment, the blood sugar value of all the experimental rabbits
before the experiment was between 4 - 6 mmol/L, which was normal value. At 6
h after modeling, most of the experimental animals in group C entered the
hyperglycemia stage, and no experimental animals died. After 10 h of modeling,
the blood glucose of all rabbits showed a decrease (C9 was only 9.6 mmol/L in
the hyperglycemic stage, and we suspected that it began to enter the hypogly-
cemic stage, so iv 10 ml 5% glucose solution + ip 10 ml 5% glucose solution was
injected, resulting in a blood glucose increase to 29.0 mmol/L). After that, the
“baseline” glucose was given once every 4 hours and continuously monitored 4
times overnight (>14 h). On the 2 d day, it was found that all experimental ani-
mals entered the hyperglycemic stage and did not enter the hypoglycemic stage
again in the next 2 d, and the blood sugar of all experimental animals was >14

mmol/L, indicating successful modeling, as shown in Figure 2.

4.6. Changes of Liver and Kidney Tissue Structure in Different
Days

4.6.1. Changes of Liver Tissue Structure

HE staining was performed on the liver at different time periods: 1) Without al-
loxan injection, rabbit liver cells were tightly arranged, with a single radial ar-
rangement and uniform size centered on the central vein, no necrosis or infiltra-
tion of cells, and hepatic sinuses were clearly visible. 2) 3 days after injection of
alloxouracil, rabbit hepatocytes still showed a single radial arrangement centered
on the central vein, but some hepatocytes around the central vein showed va-

cuole-like degeneration. 3) 7 days after injection of alloxouracil, the hepatic
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Table 2. Blood glucose levels of experimental animals in 2 days after the hypoglycemic

stage.

ID Before molding Day 1 Day 2
Cl1 5.4 33.3% 31.6
C2 4.8 33.3* 33.3*
C3 6.2 33.3* 33.3*
C4 6.5 30.8 30.9
C5 6.2 21.1 21.2
C6 4.7 0 0
Cc7 6.4 23.0 22.0
C8 5.6 31.6 33.3*
(6] 4.3 33.3* 33.3%
C10 4.9 24.6 33.3*
Cl1 5.6 16.6 33.3%
C12 5.6 21.1 33.0
C13 5.2 25.1 26.1
D1 4.3 5.8 5.5
D2 4.9 6.6 6.0
D3 6.1 7.1 5.8
D4 5.3 6.5 7.0
D5 6.0 6.2 6.6
D6 5.6 6.8 5.0
D7 4.2 5.5 6.1
D8 5.3 6.0 6.5
D9 5.8 5.2 6.0
D10 6.1 5.8 7.1
D11 6.3 6.0 5.6
D12 7.0 5.6 5.8
D13 4.9 6.3 7.1

Note: *in the table indicates higher than the blood glucose limit value (>33.3 mmol/L); C6
dies in the hypoglycemic stage.
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Figure 2. Changes in blood glucose of experimental animals during modeling.

lobular structure existed, the blood flow in the hepatic sinus was significantly
reduced, the hepatocytes around the hepatic lobular were significantly swollen,
the nuclei varied in size, and no obvious exudation or necrosis was observed. 4)
10 days after injection of alloxouracil, the outline of liver lobule and liver cord
structure still existed, the arrangement of liver cells was looser than before, the
shape of liver cells was irregular, the cell swelling and degeneration, the inflam-
matory cell infiltration, the nuclear shape was irregular and the size was differ-
ent, and the structure of liver sinuses disappeared. 5) 14 days after injection of
alloxouracil, the hepatic lobules showed a single radial arrangement with uni-
form size centered on the central vein, no necrosis or infiltration of cells, a small
amount of blood flow in the hepatic sinuses, varying the size of the nuclei, loose
cell arrangement, and a large number of vacuole-like changes in hepatocytes

could be seen under the microscope, as shown in Figure 3.

4.6.2. Renal Tissue Structure Changes

In order to more directly observe the damage of rabbit kidney tissue after injec-
tion of alloxouracil, histopathological sections of rabbit kidney tissue at different
time periods were performed and stained: 1) Before injection of alloxouracil, the
kidney tissue structure was clear, the cells were evenly distributed and arranged
normally, the glomerular basement membrane was not abnormal, the volume of
renal sacs and the space between sacs were normal. 2) 3 days after injection of
alloxouracil, the number of cells in the glomerulus increased, the volume became
larger and the boundary was unclear, the blood flow signal was significantly re-
duced than that in the normal group, and the space between the renal sacs be-
came smaller, accompanied by the invasion of inflammatory cells. 3) 7 days after
alloxouracil injection, the number of cells in the glomerulus increased, and the
blood flow signal decreased significantly; The cystic space of renal sacs became

smaller and inflammatory cells were still invaded. 4) 10 days after injection of
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alloxouracil, the structure of some glomerulus was obviously destroyed, the

number of cells was obviously increased, the boundary with the surrounding

renal tissue was unclear, there was obvious exudation and necrosis, and the cys-

tic structure of some renal sacs disappeared. 5) 14 d after injection of alloxoura-

cil, cells in the glomerulus were significantly increased, the original contour was

lost, the size of the nuclei was different, there was obvious exudation signal, and

no cystic structure of the renal sacs was seen, Figure 4.

Normal liver

3d

(a)

10d

14d

Figure 3. Liver HE staining, 40x.

(b)
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Normal kidney

14d

(b)

Figure 4. Renal HE staining, 40x.

4.7. Statistical Analysis

Survival curve was drawn according to statistical analysis, and it was found that
the survival time of group A and group B had no statistical significance (P >
0.05). The survival time of group A and group C was significantly different (P <
0.001), and the survival time of group B and group C was significantly different
(P < 0.001). The survival time of groups A, B and D were statistically significant
(P < 0.001). The survival time of group C and group D was not statistically sig-

nificant, as shown in Figure 5.
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Figure 5. Survival curve analysis of rabbits in each group during the
hypoglycemia stage.

5. Discussion

Bacevic et al. [10] found that the first stage was mainly characterized by elevated
blood sugar; After 8 h, it entered the stage of malignant hypoglycemia, which
lasted for 36 h. The third stage is mainly characterized by hyperglycemia and is a
stable DM model stage, which is also confirmed by the research results of Lenzen
[11] and Federiuk [12] et al.

Hypoglycemia stage is considered as the damage of alloxouracil to islet beta
cells, resulting in the breakdown of secretory particles and cell membrane, re-
sulting in a large amount of insulin into the blood, resulting in hyperinsulinemia
[13] [14]. This stage is unavoidable. Relevant studies have shown [13] [15] that
hypoglycemia caused by alloxouracil can lead to serious pathological changes in
brain, kidney, liver and other organs. Islet beta cells are in a depolarization state,
and a large number of Ca2+ ions flood into islet beta cells, damaging the genome
of secreted protein of islet beta cells, resulting in DNA break and complete loss
of cell structure and function. It leads to permanent cell damage, which is also
one of the mechanisms by which alloxouracil induces permanent DM models
and ultimately leads to the death of experimental animals [11] [16].

Sun et al [17] had a mortality rate of 91.67% with a single injection of 150
mg/kg. When 150 mg/kg was injected into three times within a week, the mor-
tality rate was 8.33%, but the rabbits were anesthetized each time. We found that
the mortality rate of group A rabbits was 100% after a one-time injection of 100
mg/kg alloxouracil, which was similar to their experimental conclusion. Howev-
er, the experimental animals in group B were modeled according to the concen-
tration gradient of 50 mg/kg, 75 mg/kg, 100 mg/kg and 125 mg/kg, and half of
the total amount of the first injection was found to be dead on the 2nd day,
which was inconsistent with their experimental conclusions. This may be due to
the rapid rate of injection of alloxouracil [18].

Previous studies have found [7] [19] that intraperitoneal injection of 20 ml

DOI: 10.4236/jbm.2024.125019

252 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.125019

C.T.Luoetal

10% glucose at 4 h interval, continuous 48 h, supplemented with intravenous in-
jection of 5 ml 10% glucose at 24 h and 34 h, the mortality rate is 10%. In this
experiment, by prophylactically administering iv 10 ml 5% glucose solution + ip
10 ml 5% glucose for 4 consecutive injections, the survival rate was similar to
theirs, but our method was simpler, the monitoring time was greatly shortened,
and the mortality rate was also lower. Of course, our prophylactic injection of
glucose does not increase blood sugar, but to competitively inhibit the absorp-
tion of alloxan by islet beta cells [20] and slow its absorption rate, thus slowing
the release of insulin and the occurrence of hypoglycemia. However, the me-
chanism of liver and kidney injury may be related to the lipophilicity of alloxou-
racil [21], so the protection of liver and kidney by injection of glucose is mea-
ningless. According to previous reports [13] [22] [23] [24] [25] [26], due to the
extremely short half-life of alloxouracil, a peak will occur quickly after intraven-
ous injection. We can antagonize the large amount of insulin in the circulatory
system through iv 10 ml 5% glucose solution. Alloxouracil occurs REDOX reac-
tion in islet beta cells, and ROS and other substances produced continue to dam-
age islet beta cells, slowly releasing insulin, and antagonizing insulin in the cir-
culatory system for a long time by injecting 10 ml 5% glucose solution into the

abdominal cavity.

6. Conclusion

When the DM rabbit model is constructed with alloxouracil, iv 10 ml 5% glucose
solution + ip 10 ml 5% glucose can be used to help the experimental animals
through the stage of malignant hypoglycemia. The use of this intervention can
significantly reduce the mortality of experimental animals, and greatly shorten
the nursing time of experimental animals. After injection of alloxouracil, liver
and kidney will appear different degrees of lesions, or one of the causes of acute

death of experimental animals.
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