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Introduction. To construct a rat model of melittin-induced acute liver injury (ALI) and investigate the 

relationship between microcirculation blood perfusion changes, as evaluated via contrast-enhanced 

ultrasound (CEUS), and the mechanism underlying the inflammatory changes in bee sting-induced 

ALI. 

Methods. In the present study, a rat model of ALI caused by bee sting was constructed. CEUS 

parameters, serological tests, histopathologic examination, and mRNA expression of inflammatory 

factors were measured in the group of 0h after injection of normal saline and 6, 12, 24 h after injection 

of mellitoxin groups.  

Results. The CEUS parameters were significantly higher in the 6H, 12H, and 24H groups. Interleukin 

(IL)-6, nuclear factor kappa B (NF-κB) and signal transducer and activator of transcription (STAT3) 

expression increased at 12 and 24 h. A positive correlation between STAT3 and peak intensity, area 

under the curve (AUC), and mean transition time (MTT) in the 6H group but a negative correlation 

between ALT and MTT and AUC in the 6H group. 

Conclusions. CEUS quantitative evaluation of micro-perfusion changes in bee sting can observe the 

regeneration ability after ALI, and provide new ideas for clinical diagnosis and treatment of bee sting. 
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1 INTRODUCTION 

Bee venom is a complex mixture with neurotoxic and immunogenic properties[1], 

including the primary component melittin, other peptides, enzymes, and biogenic amines[2]. 

Once bee venom enters the human body, it will result in allergic reactions[3], 
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thrombocytopenia, microcirculation disturbance, and liver and kidney function damage[4]. 

Approximately 46.6% of such individuals develop acute toxic hepatitis[5], possibly inducing 

structural and functional liver damage as well as acute liver failure (ALF)[6]. 

In liver injury after bee sting poisoning, serum biochemical changes primarily manifest 

as an increase in aspartate aminotransferase (AST) or alanine aminotransferase (ALT) 

levels[3]. Histopathologic examination has revealed inflammatory cell infiltration, disordered 

hepatic lobule arrangement, diffuse hepatocyte degeneration, and hepatocyte degeneration or 

necrosis[1]. Furthermore, during hepatocyte injury, proinflammatory factors and inflammatory 

pathways are abnormally activated[7]. Interleukin (IL)-6, an important proinflammatory factor 

in acute liver injury (ALI)[8], was significantly increased in a mouse ALI model[9, 10]. IL-6 

upregulation in ALI results in the rapid activation of the transcription factors nuclear factor 

kappa B (NF-κB) and signal transducer and activator of transcription 3 (STAT3)[10]; this 

activation plays a vital role in toxin clearance and hepatocyte regeneration[11, 12]. In addition, 

liver microcirculation disorders play a vital role in ALI pathogenesis[13]. Moreover, 

inflammation can promote liver microcirculation dysfunction and is a determinant of liver 

injury [14]. 

Contrast-enhanced ultrasound (CEUS) is a type of imaging technique[15] in which 

intravascular signals are enhanced by intravenously injecting a contrast agent[13]. By 

analyzing the peak intensity (PI), time to peak (TTP), mean transition time (MTT), and area 

under the curve (AUC) of the contrast agent in the region of interest (ROI), microvascular 

blood flow can be quantitatively detected, changes in liver hemodynamics can be 

dynamically observed, and changes in liver microcirculation can be identified early[16]. At 

present, CEUS is widely used for liver cancer[17], ALF[18], liver fibrosis[19], animal models of 

acute liver reperfusion injury[20], and liver transplantation[21].  

At present, studies on the changes in liver microvascular dysfunction, proinflammatory 

factors, and inflammatory regulatory factors and their interaction mechanisms during bee 

sting-induced ALI are limited. Therefore, in this study, we elucidated the mechanisms 

underlying microcirculation blood perfusion and inflammatory changes in bee sting-induced 
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liver injury by constructing a melittin-induced ALI model to analyze the application value of 

CEUS in bee sting-induced ALI and decrease ALF occurrence. 

2 MATERIALS AND METHODS 

2.1 Animal grouping 

Thirty-two male Sprague Dawley rats (weighing 300 ± 50 g) were purchased from 

Chengdu Dashuo Experimental Co., Ltd. They were adaptively fed in a 12 h light/dark 

environment for 3 days in an animal room maintained at a 25℃ temperature and 40%–70% 

humidity. The rats were randomly divided into four groups (eight rats in each group): control 

(0H), melittin injection at 6 h (6H), melittin injection at 12 h (12H), and melittin injection at 

24 h (24H) groups. The Department of Laboratory Animal Resources and the Animal 

Research Ethics Committee of Southwest Medical University approved this study 

(SWMU20210393) and all methods were carried out in accordance with relevant guidelines 

and regulations. 

2.2 Animal model 

After subjecting the rats to fasting and water deprivation for 12 h, they were 

anesthetized by intraperitoneally injecting 1% pentobarbital (50 mg/kg). After the 

disappearance of the pain reflex, the rats were fixed on an operating table in the supine 

position. Hemostatic forceps were used to pull out the tongue. Then, iodophor solution was 

used to prepare and sterilize the entire abdomen. Under ultrasound guidance, a 24G 

indwelling needle was inserted into the common femoral vein of the right hind leg of each rat. 

Based on the findings of a previous study[22] and preliminary experiments, the rats in the 6H, 

12H, and 24H groups were administered 4 𝜇g/g melittin using the drainage tube of the 

indwelling needle and the time was recorded. Similarly, physiological saline was injected into 

the 0H group. When fully awake, the rats were returned to their cages and provided adequate 

food and water and a constant room temperature. 

2.3 CEUS imaging  

The livers from the four rat groups were subjected to CEUS imaging using an ultrasound 

diagnostic instrument (ACUSON S3000, Siemens, Germany). The rats in the four groups 
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were re-anesthetized, fixed in the supine position, and sterilized with iodophor solution, as 

described above. Under ultrasound guidance, a 24G indwelling needle was inserted into the 

common femoral vein of the left hind leg to establish a channel for injecting the ultrasound 

contrast agent. Two-dimensional and color Doppler ultrasounds were performed to observe 

the liver parenchyma and intrahepatic blood vessels; then, the appropriate liver parenchyma 

area without large blood vessels was selected. After fixing the section, CEUS was performed. 

The SonoVue® contrast agent (Bracco, Milan, Italy) was prepared in a microbubble 

suspension with 5 ml of 0.9% sodium chloride injection and injected into the left common 

femoral vein at a dose of 0.2 ml/kg. Finally, the tube was flushed with 0.5 ml of normal saline. 

The ultrasound instrument parameters were set according to the guidelines[23] as follows: 

mechanical index, 0.05; depth, 3.5 cm; gain, 0 dB; and frequency, 4 MHz. A 9L4 frequency 

conversion linear array probe was used to select a circular sampling area of 0.05 mm2 as the 

ROI at the same depth and location in the right liver of rats. The 180-s dynamic data were 

acquired and stored in the Digital Imaging and Communications in Medicine (DICOM) 

format. A built-in analysis software of the ultrasound diagnostic instrument, auto-tracking 

contrast quantification, was utilized to quantitatively analyze the DICOM images, construct 

time–intensity curves (TICs), and obtain the following relevant parameters: PI, the maximum 

intensity of the contrast agent in the liver parenchyma; TTP, the time required to reach the 

peak intensity; MTT, the time required for the liver to exhibit a half peak washout intensity[21]; 

and AUC, the total amount of the contrast medium in the ROI during the examination[24]. The 

average of these parameters was utilized for further analysis. All parameters were measured 

three times by the same operator and the average value was used. 

2.4 Serological tests  

After the rats were subjected to CEUS at the specified time points, 3 ml of inferior vena 

cava blood was collected and centrifuged at 3000 rpm for 5 min. Then, serum AST and ALT 

levels were measured using an automatic biochemical analyzer (BS-360S, Shenzhen Mindrai 

Biomedical Electronics Co., Limited, Shenzhen, China). 
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2.5 Total RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR) 

After collecting blood samples, the rats were sacrificed by injecting air into the left 

common femoral vein. Thereafter, rat liver tissues were immediately removed and divided 

into two parts equally along the coronal plane: one part was stored in liquid nitrogen at 

−80°C and the other was fixed with 10% neutral formaldehyde fixative. Total RNA was 

extracted from the liver tissues preserved in liquid nitrogen and subjected to qRT-PCR 

analysis using a previously described method[25]. First, the total RNA of liver tissues was 

extracted as a template. Then, the relative mRNA expression of IL-6, NF-κB, and STAT3 was 

measured in rats using the automatic medical PCR analysis system (SLAN-96S, Shanghai 

Hongshi Medical Technology Co., Ltd., China). GAPDH was used as the reference gene, and 

analysis was performed using the 2−∆∆CT method[26]. The results were obtained as fold 

changes for the 0H group. Table 1 lists the primer sequences used for real-time PCR 

analysis. 

 

2.6 Histopathologic examination 

The liver tissues fixed with 10% neutral formaldehyde fixative were removed, 

dehydrated using an alcohol gradient (75%–85%–90%–95%–100%), and then embedded 

with paraffin. The paraffin-embedded tissues were prepared using an embedding machine 

(JB-P5, Wuhan Junjie Electronics Co., Ltd., China) and sliced into 3 µm thin slices. 

Hematoxylin–eosin staining was performed. Histopathologic changes were observed under a 

light microscope (Nikon Eclipse CI, Nikon, Japan) and images were collected. The entire 

procedure was performed by an experienced histopathologist who was blinded to the 

experimental procedure. 

2.7 Statistical analysis 

GraphPad Prism 8 (San Diego, CA, USA) was used for statistical analysis and data 

expression. Quantitative data with normal distribution were expressed as mean ± standard 

deviation (SD). Analysis of variance was used to compare the indicators among the four 

groups and Tukey-Kramer method was used for post hoc test. Pearson’s correlation analysis 
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was used to determine the correlation between the indicators. A p-value of <0.05 was 

considered statistically significant. 

 

3 RESULTS 

3.1 TICs of CEUS and parameters analysis 

TICs were constructed based on the data obtained from the ROI in the center of the right 

liver of the four rat groups. We observed that the TIC of the 0H group rapidly reached the 

peak and then significantly decreased; in contrast, the TIC of the other groups slowly 

increased and then gradually decreased. Furthermore, the TIC increasing and decreasing 

trends of the 12H group were significantly slower than those of the 6H and 24H groups 

(Figure 1). For TIC parameters, we observed that the PI, TTP, AUC, and MTT were 

significantly higher in the 6H, 12H, and 24H groups than in the 0H group; these parameters 

were the highest in the 12H group, with a significant decrease in the parameters in 24H group 

compared with the 12H group (p < 0.05). In addition, PI was significantly lower and TTP, 

AUC, and MTT were significantly higher in the 24H group than in the 6H group (p < 0.05) 

(Figure 2). 

Location for figure 1 

Location for figure 2 

 

3.2 Serum biochemical test results 

Figure 3 illustrates the ALT and AST levels in the four rat groups. ALT and AST levels 

were significantly higher in the 6H, 12H, and 24H groups than in the 0H group, with the ALT 

and AST levels being the highest in the 12H group (p < 0.05). In contrast, ALT and AST 

levels were significantly lower in the 24H group than in the 12H group; however, AST levels 

were significantly lower than those in the 6H group (p < 0.05), whereas no significant 

difference was observed for ALT levels (p > 0.05). 

Location for figure 3 
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3.3 mRNA expression of IL-6, NF-κB, and STAT3 

qRT-PCR was performed to measure the mRNA expression of IL-6, NF-κB, and STAT3. 

IL-6, NF-κB, and STAT3 expression was higher in the 12H and 24H groups than in the 0H 

group, (p < 0.05); however, no significant difference was observed in the 6H group (p > 0.05). 

Furthermore, IL-6 expression was significantly lower but STAT expression was significantly 

higher in the 24H group than in the 12H group (p < 0.05). Nevertheless, no significant 

difference was observed in NF-κB expression between the 12H and 24H groups (p > 0.05) 

(Figure 4). 

Location for figure 4 

 

3.4 Histopathologic changes 

HE staining for histopathologic examination of the paraffin-embedded liver tissues 

revealed that pathological injury in the liver tissues was characterized by hepatic steatosis and 

increased hematopoietic cells. Slight hepatic steatosis and a small increase in hematopoietic 

cells were observed in the hepatic sinusoids of the rats in the 6H group. Furthermore, hepatic 

lobular steatosis was observed in the 12H group. Hematopoietic cells were slightly increased 

in the portal area in the 24H group. Among these three groups, the injury degree was more 

severe in the 12H group (Figure 5). 

Location for figure 5 

 

3.5 Correlation analysis 

Correlation analysis of the quantitative CEUS parameters with blood biochemical 

indicators and IL-6, NF-κB, and STAT3 mRNA expression revealed that STAT3 expression 

was positively correlated with NF-κB (r = 0.765, p = 0.027), PI (r = 0.813, p = 0.014), AUC 

(r = 0.875, p = 0.005), and MTT (r = 0.767, p < 0.01) in the 6H group. In contrast, a negative 

correlation was observed between AUC and ALT (r = −0.736, p = 0.037) but a positive 

correlation between AUC and MTT (r = 0.966, p < 0.0001) and PI (r = 0.903, p = 0.002). 

Furthermore, a negative correlation was observed between MTT and ALT (r = −0.819, p = 
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0.013) but a positive correlation between MTT and PI (r = 0.813, p = 0.014) (Figure 6). In the 

24H group, positive correlations were observed between TTP and IL-6 expression (r = 0.710, 

p = 0.049), AUC and PI (r = 0.766, p = 0.027), and AST and ALT (r = 0.895, p = 0.003) 

(Figure 7). However, no significant correlations were observed between the parameters in the 

0H and 12H groups (p > 0.05). 

Location for figure 6  

Location for figure 7 

 

 

4 DISCUSSION 

In this study, we successfully constructed a rat model of melittin-induced ALI. We 

observed that serum ALT and AST levels were increased in rats with a bee sting. Furthermore, 

histopathologic examination revealed hepatic steatosis and increased hematopoietic cells in 

the liver tissues. In addition, PI, TTP, AUC, and MTT of CEUS and IL-6, NF-κB, and STAT3 

expression were significantly increased.  

As markers for hepatocyte injury[27], AST and ALT have been commonly employed in 

experiments to observe liver injury[9, 21, 28, 29]. Our study findings are consistent with those of 

a study on lipopolysaccharide/D-galactosamine/dimethyl sulfoxide-induced fulminant liver 

failure in mice[30], in which rats with bee stings exhibited obvious liver damage from 6 h; this 

damage manifested as increased AST and ALT levels. Furthermore, hepatic steatosis and 

increased hematopoietic cells began to appear in this stage, which peaked at 12 h. 

Nevertheless, after 24 h, the liver function began to recover, with improvements in liver 

microcirculation. However, different from the findings of a previous study[20], in the present 

study, ALT did not significantly decrease compared with that at 6 h; this may be because a 

negative correlation was observed between ALT and MTT and AUC. AUC can reflect blood 

volume and blood flow velocity in liver tissues by calculating the total amount of the 

microbubble contrast agent in the ROI of the liver tissues[24, 31] and the MTT of the contrast 

agent[32, 33]. We speculate that the improvements in ALT depend more on liver 



Acute liver injury after bee sting—Lai et al 

9 

Iranian Journal of Kidney Diseases / Volume 18 / Number 02 / 2024 (DOI: 10.53547/ijkd.8563) 

 

 

microcirculation. When liver injury occurs, steatosis and swelling are observed in liver cells, 

with a decrease in liver parenchymal blood perfusion, inflammatory cell infiltration, and liver 

microcirculation inhibition[16]; these phenomena can affect ALT recovery. In this study, we 

further confirmed that early liver injury recovery can be evaluated based on liver 

microcirculation changes in the acute phase[18]. 

In general, liver microcirculation disturbance is a vital regulatory mechanism after liver 

injury[13, 18]. In the present study, CEUS revealed significant liver microcirculation 

dysfunction in rats with acute liver injury. PI, TTP, AUC, and MTT significantly increased 

from 6 h after ALI. In the acute phase, swollen hepatocytes compressed the intrahepatic 

lumen structure, and dysfunction of liver parenchymal perfusion prolonged MTT and TTP; 

these findings are consistent with those of some studies on radiation-induced liver damage[16] 

and liver transplantation versus host disease [21]. Liver microcirculation can protect liver 

function and control inflammation[18]. For maintaining liver homeostasis, histologic 

examination reveals increased hematopoietic cells and hepatic blood flow, and CEUS reveals 

high PI and AUC. Increased hepatic arterial blood flow during the acute phase may be a 

marker for early recovery from liver injury[18]. In fact, the acute phase reaction of ALI 

generally lasts for 24–48 h, with a return to normal liver function[34]; therefore, it is a 

self-limited disease[13]. This trend was supported by improvements in biochemical, pathologic, 

and microcirculation blood perfusion measures at 24 h in our study. 

Several studies have revealed that ALI is an inflammatory liver disease[10, 28, 35]. When 

liver injury occurs, first, the inflammatory process is triggered[8, 36], resulting in structural and 

functional liver damage[37]. NF-κB is the most important inflammatory regulator[37]. 

Activation of the NF-κB signaling pathway increases the release of various proinflammatory 

factors, including IL-6[9], triggering the accumulation of associated inflammatory cells, 

promoting disease progression, and maintaining liver inflammation[38]. We observed that 

NF-κB and IL-6 expression reached the peak at 12 h in rats with melittin-induced liver injury 

and that liver injury was the most severe; this was consistent with the results of ALT, AST, 

and histopathologic examination. In addition, we observed that STAT3 expression was 
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significantly increased; this was owing to the activation of the JAK/STAT pathway by 

IL-6-induced inflammation[27]. Liver protection was achieved via hepatocyte regeneration[35, 

36, 39]. During the liver protection process, STAT3 is not only involved in cell proliferation 

during liver regeneration[40] but also in angiogenesis[38]. Liver perfusion is a major 

determinant of liver repair and regeneration capacity[18]. In this study, we observed a positive 

correlation between STAT3 expression and MMT, PI, and AUC; however, no such 

correlations were observed for NF-κB and IL-6. Interestingly, this correlation was observed at 

6 h, indicating that the liver regeneration ability could be assessed based on microcirculation 

blood perfusion changes observed via early CEUS after bee sting injury; this has not been 

reported previously. 

At present, owing to the small sample size of this study, we could not investigate 

whether the correlation between microcirculation blood perfusion and STAT3 expression 

remains consistent in different degrees of liver damage. Therefore, in the future, additional 

verification via large-sample studies is warranted. 

 

5 CONCLUSION  

Serum biochemical, histopathologic, and microcirculation blood perfusion changes were 

observed in the rat model of melittin-induced ALI. Furthermore, the early microcirculation 

blood perfusion changes observed via CEUS were associated with liver regeneration. Our 

study findings may provide a basis for evaluating the timing and effect of the 

anti-inflammatory treatment of bee stung-induced liver damage in clinical settings and 

preventing liver failure occurrence. 
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 Table 1 Rat primer sequences for qRT-PCR. 

Gene Direction Sequences (5′-3′) Gene ID Product length (bp) 

GAPDH Forward ACAGCAACAGGGTGGTGGAC 24383 226 

 Reverse TTTGAGGGTGCAGCGAACTT   

NF-κB Forward GGATGGCTTCTATGAGGCTGAACTC 309165 98 

 Reverse CTTGCTCCAGGTCTCGCTTCTTC   

IL-6 Forward ACTTCCAGCCAGTTGCCTTCTTG 24498 110 

 Reverse TGGTCTGTTGTGGGTGGTATCCTC   

STAT3 Forward TGAGGGAGCAGAGATGTGGG 25125 144 

 Reverse CTGGCAAGGAGTGGGTCTCT   
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Figure 1 TICs of the CEUS imaging of the rats in the four groups 

 

 

Figure 2 Comparison of the TIC parameters of contrast-enhanced ultrasound of the four rat groups: the mean 

and standard deviation of PI (A), TTP (B), AUC (C), and MTT (D). ****, p < 0.0001; ***, p< 0.001; **, p < 

0.01; and *, p < 0.05. PI, peak intensity; TTP, time to peak; AUC, area under the curve; MTT, mean transition 



Acute liver injury after bee sting—Lai et al 

16 

Iranian Journal of Kidney Diseases / Volume 18 / Number 02 / 2024 (DOI: 10.53547/ijkd.8563) 

 

 

time. 

 

 

 

Figure 3 Comparison of serum ALT (A) and AST (B) levels among the four rat groups. **** p < 0.0001; **, p < 

0.01; and *, p < 0.05. AST, aspartate aminotransferase; ALT, alanine aminotransferase. 

 

 

Figure 4 Comparison of the mRNA expression of IL-6 (A), NF-κB (B), and STAT3 (C) in the liver tissues of the 

four rat groups. ****, p < 0.0001. IL-6, interleukin-6; NF-κB, nuclear factor kappa B; STAT3, signal transducer 

and activator of transcription 3. 
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Figure 5 Hematoxylin–eosin (HE) staining results (×400) of the liver tissues of the rats in each group. The 

nuclei are stained blue and the cytoplasm is stained red. 

 

 

Figure 6 Correlation analysis of the TIC parameters of contrast-enhanced ultrasound with biochemical indexes 

and immunohistochemical results in the 6H group. A, Correlation between STAT3 and NF-κB expression. B, 

Correlation between STAT3 expression and PI. C, Correlation between STAT3 expression and AUC. D, 

Correlation between STAT3 expression and MTT. E, Correlation between AUC and ALT. F, Correlation between 
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MTT and ALT. G, Correlation between AUC and PI. H, Correlation between MTT and PI. I, Correlation 

between AUC and MTT. ALT, alanine aminotransferase; PI, peak intensity; AUC, area under the curve; MTT, 

mean transition time; NF-κB, nuclear factor kappa B; STAT3, signal transducer and activator of transcription 3. 

 

 

Figure 7 Correlation analysis of CEUS TIC parameters with serum biochemical indexes and mRNA expression 

in the 24H group. A, Correlation between TTP and IL-6 expression. B, Correlation between AST and ALT. C, 

Correlation between AUC and PI. PI, peak intensity: TTP, time to peak; AUC, area under the curve; IL-6, 

interleukin-6; ALT, alanine aminotransferase; AST, aspartate aminotransferase. 
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