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This study examined the different effects of high-fat and capsicum diets on the digestive organs of 
guinea pigs. Hartley guinea pigs (n = 24) were divided into the high-fat diet (HFD), capsicum diet (CD), 
and control (C) groups. Guinea pigs in the C, HFD, and CD groups received maintenance feed, high-
fat, and capsicum diets, respectively. After 12 weeks of modelling, serum samples were collected 
for biochemical analysis. Enzyme-linked immunosorbent assay was used to quantify interleukin-1β, 
interleukin-6, and tumour necrosis factor-α, while haematoxylin-eosin staining was used to observe 
morphological changes. Blood lipid levels and inflammatory markers in the serum of guinea pigs in 
HFD and CD groups were significantly elevated than those in the serum of guinea pigs in the C group 
(P < 0.01). Inflammation and blood lipid disorders were more severe among guinea pigs in the HFD 
group than among those in the CD and C groups (P < 0.001). Pathological examinations revealed that 
high-fat and capsicum diets induce damage to the liver, stomach, gallbladder, and colon. Specifically, 
high-fat diets exhibited more significant effects. High-fat or capsicum diet consumption can damage 
the digestive organs, causing abnormal lipid metabolism; however, high-fat diets exhibit more 
significant effects on the digestive organs.
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The prevalence of human diseases is intricately linked to various factors, including dietary habits1,2, climatic 
conditions3,4, daily routines5, infectious agents6, and emergency situations7,8. Suboptimal dietary practices are 
significant contributors to the prevalence of digestive system diseases. The maintenance of healthy eating habits 
correlates with positive outcomes for physiological functions, while poor dietary choices can adversely affect 
these functions, particularly those of the digestive system. Lipids and capsicum, common components of various 
diets, are essential in sustaining the energy requirements of the body when included in a balanced diet. However, 
extensive literature documents the adverse effects associated with prolonged high-fat diets and increased 
capsicum consumption. Despite ongoing debates within the field, studies on the long-term ramifications of 
high-fat and capsicum diets on multiple digestive organs, including the liver, stomach, gallbladder, and colon, 
are relatively new. We conducted a comprehensive study aimed at clarifying the effects of two distinct dietary 
patterns, a high-fat diet and a chilli-rich diet, on the digestive organs. Through a systematic comparison of 
the impacts of these dietary patterns on blood lipid profiles, inflammatory markers, and the morphological 
characteristics of vital digestive tissues (specifically, the liver, stomach, gallbladder, and colon), we have initiated 
the investigation of the physiological implications associated with each dietary regimen. This study aimed to 
inform and advocate for the implementation of healthy dietary practices based on empirical evidence.

Results
Effects of High-Fat diet and Capsicum diets on lipid indices in Guinea pigs
The average triglycerides (TG) levels among guinea pigs in groups HFD, CD, and C were 3.91 mmol/L (P < 0.0001 
versus control), 1.61 mmol/L (P < 0.01 versus control), and 0.78 mmol/L. The average TG level among guinea 
pigs in the CD group was significantly lower than that among those in the HFD group (P < 0.0001). The average 
TC levels among guinea pigs in groups HFD, CD, and C were 8.41 mmol/L (P < 0.0001 versus control), 3.78 
mmol/L (P < 0.0001 versus control), and 1.24 mmol/L. The average TC level among guinea pigs in the CD group 
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was significantly lower than that among those in the HFD group (P < 0.0001). The average HDL-C levels among 
guinea pigs in the HFD, CD, and C groups were 2.19 mmol/L (P < 0.0001 versus control), 1.20 mmol/L (P < 0.05 
versus control), and 0.81 mmol/L. The average HDL-C level among guinea pigs in the CD group was significantly 
lower than that among those in the HFD group (P < 0.0001). The average LDL-C levels among guinea pigs in the 
HFD, CD, and C groups were 4.92 mmol/L (P < 0.0001 versus control), 3.11 mmol/L (P < 0.01 versus control), 
and 1.99 mmol/L. The average LDL-C level among guinea pigs in the CD group was significantly lower than that 
among those in the HFD group (P < 0.0001). (Fig. 1. A-D)

Effects of a high-fat diet and a capsicum diet on the inflammatory markers in serum of 
guinea pigs
The average TNF-α levels among guinea pigs in groups HFD, CD, and C were 644.62 pg/mL (P < 0.0001 versus 
control), 468.42 pg/mL (P < 0.01 versus control), and 145.18 pg/mL. The average TNF-α level among guinea 
pigs in the CD group was significantly lower than that among those in the HFD group (P < 0.01). The average 
IL-1β levels among guinea pigs in groups HFD, CD, and C were 67.19 pg/mL (P < 0.0001 versus control), 46.68 
pg/mL (P < 0.0001 versus control), and 16.44 pg/mL. The average IL-1β level among guinea pigs in the CD 
group exhibited no significant difference from that of those in the HFD group (P > 0.05). The average IL-6 levels 
for groups HFD, CD, and C were 126.17 pg/mL (P < 0.0001  versus control), 95.16 pg/mL (P < 0.0001 versus 
control), and 39.99 pg/mL. The average TC level among guinea pigs in the CD group was significantly lower than 
that among those in the HFD group (P < 0.001). (Fig. 2. A-C)

Effects of high-fat diet and capsicum diet on the morphological changes of liver, stomach, 
gallbladder, and colon tissues of guinea pig
HE staining method was used to stain the liver, stomach, gallbladder, and colon tissues from the guinea pigs. 
The experimental findings revealed that the liver tissues of guinea pigs in the HFD group exhibited widespread 
hepatic steatosis compared to those of guinea pigs in group C. The cytoplasm contained round vacuoles of 
different sizes (black arrows), mild oval-shaped cell proliferation (yellow arrows), mild fibrosis (blue arrows), 
and localised inflammatory cell infiltration (red arrows). Significant hepatic steatosis was observed among the 
liver tissues of guinea pigs in the CD group, with mild fibrosis surrounding the portal regions (blue arrows) and 
tiny round vacuoles in the cytoplasm (black arrows). However, no obvious infiltration of inflammatory cells was 
observed. According to the research previously mentioned, eating excessive fat substantially aggravates hepatic 
steatosis and causes inflammation in the liver. Although eating capsicum diets can cause hepatic steatosis, the 

Fig. 1.  (A-D) diagrams show the results of lipid profile testing, including TG, TC, HDL-C, and LDL-C (n = 8). 
The C group is the control group, the HFD group is the high-fat diet group, and the CD group is the Capsicum 
Diet. The values in the figure are presented as mean ± SD. * P < 0.05, ** P < 0.01, *** P < 0.001, ****P < 0.0001 
compared to the C group. # P < 0.05, ## P < 0.01, ### P < 0.001, ####P < 0.0001 compared to the HFD group.
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inflammatory response is minimal, and the liver damage is less severe than it would be with a high-fat diet. (Fig. 
3.)

Guinea pigs in the HFD group exhibited focal necrosis and gastric gland cell shedding with irregular gastric 
gland morphology in the gastric mucosal layer compared to those in C group. In addition to mucosal layer 
ulcers, atrophy, and necrosis of the gastric glands, cell debris (orange arrows) was obvious in the gastric gland 
lumen. Proliferated connective tissue replaced the structure, and there is an obvious infiltration of inflammatory 
cells (dark blue arrows), capillary congestion in the stroma (green arrows), and irregular residual gastric glands 
(brown arrows). The submucosal layer exhibited localised oedema. Localised ulcers and a loss of mucosal 
epithelial structure were observed among the stomach tissues of guinea pigs in the CD group. An obvious 
gastric gland atrophy and necrosis were observed in the lamina propria, where structures have been replaced by 
proliferating connective tissue. The remaining stomach glands exhibited inflammatory cell infiltration (dark blue 
arrows), cystic dilatation (purple arrows), and irregular shape (brown arrows). Around the ulcerative lesions, 
there was atrophy of the stomach glands, a small area of oedema in the lamina propria, and sporadic infiltration 
of inflammatory cells. These results imply that a high-fat diet and capsicum diet intake considerably exacerbate 
the inflammatory response, gastric gland atrophy and necrosis, and gastric mucosal ulceration. (Fig. 3.)

While the lamina propria exhibited no significant abnormalities or overt inflammatory cell infiltration, the 
gallbladder tissue of guinea pigs in the HFD group displayed mucosal layer atrophy and thinning compared to 
those in the C group, with many mucosal epithelial cells changing from tall columnar epithelial cells to short 
columnar epithelial cells (magenta arrows). While the lamina propria showed no significant anomalies or overt 
inflammatory cell infiltration, the gallbladder tissues of guinea pigs in the CD group displayed mild mucosal 
layer atrophy and thinning, with a few mucosal epithelial cells changing from tall columnar epithelial cells to 
short columnar epithelial cells (magenta arrows). (Fig. 3.)

Guinea pigs in the HFD group exhibited intestinal wall thinning in colon tissue, fewer goblet cells (dark gray 
arrow), sporadic inflammatory cell infiltration in the lamina propria (dark green arrow), and an obvious increase 
in fat cells in the submucosa (burgundy arrow) compared to those in the C group. Colon tissue of guinea pigs 
in the CD group exhibited a significant increase in fat cells in the submucosa (burgundy arrow), a decrease in 
goblet cells (dark gray arrow), lymphoid hyperplasia in the lamina propria and submucosa (cyan arrow), and a 
thinning of the intestinal wall. (Fig. 3.)

Discussion
Dietary behaviours of individuals substantially influence overall health outcomes. Maintaining a balanced and 
nutritious diet is essential for promoting physiological well-being. The prevalence of unhealthy eating habits 
has created considerable challenges for public health, resulting in various conditions, including gastrointestinal 
and cardiovascular diseases. Numerous studies have emphasised the risk associated with high-fat diets, 
which endanger the health of digestive organs and other organ systems. Chronic consumption of such diets 
has been associated with health complications, including indigestion, fatty liver disease, atherosclerosis, and 
cerebrovascular incidents, including strokes. Despite the established risks associated with high-fat dietary 
patterns, the literature on the health effects of chilli consumption has predominantly focused on its potential role 
in disease prevention and therapeutic uses. capsicums and their bioactive constituents are frequently cited for 
their potential benefits, including weight control, analgesic effects, and antibacterial properties. An increasing 
discourse indicates that chilli may exert beneficial and detrimental effects on human health. This investigation 
was initiated by an inquiry into the disparate effects of different dietary habits on the health of digestive system 
organs.

Our research indicates that prolonged consumption of high-fat and chilli-based diets can significantly 
disrupt blood lipid metabolism. This disruption is marked by abnormal increases in TG, total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). A previous 

Fig. 2.  (A-C) diagrams show the results of serum inflammation marker tests, including TNF-α, IL-1β, and 
IL-6 (n = 8). The C group is the control group, the HFD group is the high-fat diet group, and the CD group is 
the Capsicum Diet. The values in the figure are presented as mean ± SD. * P < 0.05, ** P < 0.01, *** P < 0.001, 
****P < 0.0001 compared to the C group. # P < 0.05, ## P < 0.01, ### P < 0.001, ####P < 0.0001 compared to the 
HFD group.
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study demonstrated that long-term high-fat diets are significant causes of blood lipid metabolism disorders9.
TG, TC, HDL-C, and LDL-C are essential markers of lipid metabolism. Triglycerides are essential for energy 
storage and safeguarding of internal organs; however, elevated TG levels may signify the onset of metabolic 
diseases, including hyperlipidaemia, diabetes, and cardiovascular conditions10. TC represents the overall level of 
cholesterol present in all lipoproteins in the bloodstream. Abnormal increases in TC levels are closely associated 
with hyperlipidaemia, atherosclerosis, coronary heart disease, stroke, and other cardiovascular diseases11. 
HDL-C is primarily synthesised in the liver and is essential in transporting phospholipids and cholesterol. HDL-C 
exerts anti-atherosclerotic and cardiovascular benefits through various mechanisms, including facilitating 
cholesterol reverse transport, antioxidation, and anti-inflammation. Numerous studies have demonstrated a 
negative correlation between HDL-C levels and the incidence of coronary heart disease. However, a previous 
study demonstrated that conditions including chronic hepatitis and fatty liver can cause elevated HDL-C 
levels12. Conversely, hyperlipoproteinemia, acute myocardial infarction, coronary heart disease, and diabetes 
are closely associated with abnormal increases in LDL-C levels. Studies have demonstrated a significant positive 

Fig. 3.  Shows the HE staining results of liver, stomach, gallbladder, and colon tissues from each group of 
guinea pigs (magnification ×100). The C group is the control group, the HFD group is the high-fat diet group, 
and the CD group is the Capsicum Diet. In the liver tissue, the black arrow indicates round vacuoles, the 
yellow arrow indicates oval-shaped cell proliferation, the red arrow indicates inflammatory cell infiltration, 
and the blue arrow indicates fibrosis changes. In the stomach tissue, brown indicates irregular changes in 
gastric glandular tissue, dark blue indicates inflammatory cell infiltration, orange indicates fragmentation 
of cells within the stomach tissue, green indicates capillary congestion, and purple indicates cystic dilation 
of the stomach. In the gallbladder tissue, magenta indicates a change in the mucosal epithelial cells from tall 
columnar epithelium to short columnar epithelium. In the colon tissue, dark gray indicates thinning of the 
intestinal wall and a reduction in goblet cells, burgundy indicates an increase in submucosal adipocytes, cyan 
indicates lymphoid tissue proliferation, and dark green indicates inflammatory cell infiltration.
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correlation between LDL-C concentrations and the risk of coronary heart disease. Herein, the high-fat diet group 
exhibited abnormal increases in serum TG, TC, HDL-C, and LDL-C, confirming that long-term high-fat diets 
can impair lipid metabolism. Additionally, numerous studies demonstrated that capsicum diets or capsaicin 
intake may help improve lipid metabolic disorders13,14. However, there is a lack of studies on the impact of a 
high capsicum intake on blood lipids. Our study demonstrates that a long-term chilli-based diet can lead to 
abnormal increases in serum TG, TC, HDL-C, and LDL-C. This effect is probably associated with pathological 
liver damage and inflammatory changes in the intestines induced by the chilli diet, which disrupt cholesterol 
metabolism15–19. Furthermore, numerous studies have demonstrated that cholesterol is secreted from the liver 
into the intestines via bile, a process closely associated with bile acids and intestinal microbiota20–23. However, 
the specific mechanism by which prolonged chilli intake disrupts serum cholesterol metabolism, and whether 
this is mediated by bile acid metabolism or gut microbiota, requires further comprehensive investigation.

Our investigation demonstrated that the long-term high-fat and chilli-based diet intake can elicit 
inflammatory responses in the serum, characterised by significant elevations in pro-inflammatory cytokines, 
specifically TNF-α, IL-1β, and IL-6. These cytokines are essential in the inflammatory process, and substantial 
evidence from existing literature indicates that prolonged high-fat diet intake fosters inflammatory responses 
within the serum. Tan’s research highlights that an increased intake of dietary fats leads to excessive accumulation 
of free fatty acids in the bloodstream, which subsequently incites oxidative stress, thereby promoting systemic 
inflammation24. Furthermore, Binayi et al. reported that high-fat diets induce endoplasmic reticulum stress, 
which impairs lipid metabolism and subsequently triggers inflammatory pathways25. Malesza et al. reported 
that extended high-fat diet intake can lead to dysbiosis of gut microbiota and impairments in intestinal barrier 
function, facilitating the translocation of metabolic byproducts from harmful bacteria into the circulatory 
system, exacerbating systemic inflammation26. Our findings are consistent with those of previous studies, 
reinforcing that long-term high-fat diet intake is associated with increased inflammatory responses. Conversely, 
although it is a common belief that diets enriched with capsicum provide health benefits, primarily through 
the activation of the transient receptor potential vanilloid 1 (TRPV1) receptor signalling pathway, which is 
believed to attenuate inflammation and alleviate pain, literature documenting the potential inflammatory effects 
of prolonged capsicum intake is scarce27. Xiang et al. reported that high doses of capsaicin may induce intestinal 
inflammation, potentially attributable to alterations in gut microbiota composition28. Our research extends these 
findings by demonstrating that a prolonged diet high in capsicum diets induces inflammatory responses in the 
serum and adversely affects the digestive organs, substantiating the adverse consequences of sustained capsicum 
intake on gastrointestinal health.

Studies demonstrated that prolonged consumption of high-fat foods and capsicum diets can significantly 
damage gastric tissue. This damage is primarily characterised by injury to the gastric mucosa, inflammatory 
responses, and the ensuing development of ulcers. In comparing the effects of high-fat diets to those resulting 
from long-term exposure to capsicum diets, the gastric mucosa exposed to long-term capsicum diets exhibit 
more severe manifestations, including increased ulceration, atrophy, and necrosis. The stomach is essential 
to the digestive system; it is responsible for food storage and mechanical and chemical digestion processes, 
which are facilitated by gastric motility, acid secretion, and pepsin activity. Numerous academic studies have 
suggested a direct correlation between high-fat diets and the onset of gastritis, although the precise mechanisms 
underlying this association are inadequately clarified. Some researchers suggest that this association may arise 
from lipotoxicity, which compromises the stability of gastric mucosal organelles and gastric tissue integrity, 
thereby inducing gastritis and precancerous transformations in gastric tissue29. Additionally, obesity, frequently 
associated with high-fat consumption, has been associated with pathological alterations in gastric tissue. An 
increase in the quantity of ghrelin-expressing cells in the stomach is posited to correlate closely with obesity 
mechanisms induced by high-fat diets30–32. Our research has confirmed the deleterious effects of high-fat diets 
on gastric tissue; however, the extent to which this impact is due to lipid toxicity, as opposed to other contributing 
factors, requires further investigation. The current literature indicates a duality in the effects of capsicum diets. 
Many scholars assert that capsicum diets and their derivatives exhibit anticancer and antioxidant properties 
and therapeutic potential for gastric cancer treatment. This functionality may be significantly associated with 
the activation of the TRPV1 receptor signalling pathway33,34. However, some researchers have empirically 
demonstrated a correlation between elevated capsicum diets and specific gastric conditions, including gastric 
bleeding35. Increasing evidence indicates that a higher intake of capsicum diets or capsaicin can markedly elevate 
the risk of developing gastric cancer36–38. Our research has concluded that long-term capsicum consumption 
adversely affects gastric tissue. The underlying mechanisms contributing to this impact are closely associated 
with inflammatory processes and immune responses; however, the specific pathways involved require further 
investigation.

Studies demonstrate that prolonged high-fat food intake causes substantial damage to liver tissue. This 
damage is predominantly characterised by liver steatosis, fibrosis, and the onset of inflammatory processes. 
However, prolonged intake of capsaicin leads to liver steatosis and mild fibrosis, although without significant 
inflammatory alterations compared to prolonged high-fat diet intake. The liver is the primary metabolic and 
digestive organ. It is essential in glucose and lipid metabolism and bile production and secretion. Extensive 
studies have demonstrated the deleterious effects of high-fat diets on liver health, confirming that long-term 
adherence to such dietary patterns results in fat accumulation, fibrosis, and progression of conditions including 
fatty liver39–41, chronic hepatitis42, and cirrhosis43,44. Our findings confirm the consensus that prolonged high-
fat dietary intake precipitates fatty liver and hepatitis, thereby enhancing the understanding of its detrimental 
effects on liver function. Conversely, there is a widespread belief regarding the health benefits of capsicum diet 
consumption. Research indicates that capsaicin, a bioactive compound found in capsicum diets, may possess 
therapeutic potential in alleviating cholestatic liver fibrosis and preventing hepatotoxic injury45,46. A previous 
study has demonstrated that capsaicin can inhibit hepatic fat accumulation in murine models of non-alcoholic 
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fatty liver disease induced by a high-fat diet47. Xie et al. reported that capsaicin suppresses the stemness of liver 
progenitor cells and inhibits liver cancer development through the SIRT1/SOX2 signalling pathway48. These 
findings indicate that dietary capsaicin may confer protective effects against liver fibrosis, diminish hepatic fat 
accumulation, and impede the onset of liver malignancies. However, the investigation into the potential adverse 
effects of chronic dietary capsaicin on liver health is limited. Our research indicates that long-term intake of 
capsicum diets may negatively impact liver function, indicating that dietary capsaicin possesses a dualistic nature 
regarding human health, with potential long-term adverse effects outweighing its benefits, possibly associated 
with inflammatory responses.

Our investigation revealed the detrimental effects of a high-fat and chilli-based diet on the gallbladder 
mucosa, specifically resulting in its atrophy. The gallbladder is essential for the storage, concentration, and 
secretion of bile, a substance vital to cholesterol metabolism. Research indicates that a moderate intake of 
dietary fats can stimulate normal gallbladder contraction, facilitating the timely release of bile and decreasing 
bile stagnation, thereby reducing the risk of gallstone formation and exacerbation of cholecystitis. Numerous 
studies confirm that prolonged high-fat intake may impair gallbladder contractility49,50although the underlying 
mechanisms are unclear. Furthermore, extensive research has demonstrated that high-fat diets significantly 
increase the prevalence of cholesterol gallstone formation51,52. Our findings indicate that prolonged high-fat 
dietary patterns correlate with atrophy of the gallbladder mucosa, frequently serving as the primary pathological 
basis for conditions including chronic cholecystitis and gallstone disease. Many studies have demonstrated that 
prolonged consumption of chilli-based diets can adversely affect gallbladder health. Studies have specifically 
identified excessive intake of red capsicums as a risk factor for long-term gallstone formation and gallbladder 
cancer, especially among Chilean women53,54. Our investigation indicates that prolonged consumption of 
capsicums correlates with damage to the gallbladder mucosa, suggesting a significant role of persistent capsicum 
intake in the pathogenesis of chronic cholecystitis and other gallbladder-related disorders.

This study demonstrated significant implications of long-term dietary patterns involving high-fat and 
capsicum diets on colon health. Specifically, we observed that a prolonged high-fat diet can result in colon 
tissue atrophy and stimulate inflammatory responses, and significant accumulation of adipocytes beneath the 
mucosal layer of the colon. The colon is essential to the digestive system, serving in essential nutrient absorption, 
including vitamins, water, and minerals, and in faeces formation. Furthermore, the symbiotic bacteria and 
microorganisms residing within the colon are essential in maintaining metabolic homeostasis in the digestive 
system. Existing literature has demonstrated that high-fat diets induce oxidative stress within the colonic 
mucosa, leading to enhanced permeability of the epithelial barrier and the subsequent onset of colonic mucosal 
inflammation55. Our findings confirm the detrimental effects of prolonged high-fat diets on colon tissue, which 
seem to be associated with oxidative stress-related inflammatory processes within the colonic environment. 
However, further investigation into the specific underlying mechanisms is required. A dichotomy of perspectives 
exists regarding the effect of long-term capsicum consumption on colon health. Some scholars posit that dietary 
capsicums may adversely affect the colon. Engel et al. (2012) demonstrated that capsaicin, the active compound 
in capsicums, activates the TRPV1 receptor, resulting in an increased release of calcitonin gene-related peptide 
and substance P, potentially contributing to the pathogenesis of colitis56. However, other researchers support 
the possible protective effects of capsicums and capsaicin against colonic diseases, including colitis. Kihara et 
al. reported that capsaicin could ameliorate dextran sulphate sodium-induced colitis through TRPV1 receptor 
activation57. Additionally, Mi et al. reported a significant correlation between the frequency of chilli consumption 
and the incidence of colitis58. This study supports the previous perspective, indicating that prolonged capsicum 
intake may jeopardise colon health. The underlying mechanisms for these observations may be attributed to 
factors including oxidative stress and inflammation; however, a more comprehensive analysis is essential to 
clarify the precise processes involved.

The limitations of this study are primarily focused on its analysis of the effects of high-fat and chilli diets on 
the morphological alterations in digestive organ tissues. The research notably failed to investigate the underlying 
mechanisms that may correlate inflammation, lipid metabolism, and the resultant damage to digestive organs. 
Future investigations should consider integrating lipidomics, proteomics, molecular biology, and other multi-
omics methodologies. These comprehensive methodologies would facilitate a multi-dimensional analysis, 
yielding deeper insights into the key pathological mechanisms involved.

This study demonstrated that prolonged high-fat and chilli-based diet intake may adversely affect digestive 
organs, including the liver, stomach, gallbladder, and colon. The underlying mechanism seems to be closely 
associated with inflammatory responses, which cause damage to these organs and subsequently impair cholesterol 
metabolism. This impairment may further exacerbate lipid metabolic disorders. Although inflammation is a 
crucial factor in various pathological processes, the specific mechanisms require additional investigation. This 
research highlights the detrimental effects of prolonged chilli consumption on digestive health to inform dietary 
recommendations for optimal human health.

Methods
Materials
Animals and feed
This study included 24 specific pathogen-free-grade Hartley strain guinea pigs (male; 200–220 g) acquired from 
Beijing Vital River Laboratory Animal Technology Co. Inc. (Permit No.: SCXK (Beijing) 2021-0011). The guinea 
pigs were housed for 1 week in experimental animal rooms maintained at 20–24 °C and humidity levels of 45–55% 
for 1 week for acclimatisation. The rooms featured a 12-hour light and dark cycle. All the animal experimental 
procedures were conducted in accordance with the guidelines for the care and use of laboratory animals and 
were approved by the Inner Mongolia Medical University Animal Ethics Committee (ethics approval number: 
YKD202302058). The feed and high-fat feed were acquired from Beijing Xiaoshu Youtai Company (License No. 
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SCXK (Beijing) 2018-0006), while the Capsicum annuum var. conoides were procured from Sichuan Honglin 
Food Co. Ltd (License No. SC1035 SC10351018201640)). The Capsicum feed was produced by Beijing Xiaoshu 
Youtai Company. (Table 1.)

Reagents
The biochemistry test kit was obtained from Wuhan Colorful Gene Biological Technology Co., China it included 
the following: triglyceride (TG, catalogue number. 230213201), TC (catalogue number. 230629102), HDL-c 
(catalogue number. 230308201), LDL-c (catalogue number. 230811201). The enzyme-linked immunosorbent 
assay test kit was obtained from Wuhan Colourful Gene Biological Technology Co., China. It comprised the 
following: tumour necrosis factor-α (TNF-α, catalogue number. JYM0025Gu), interleukin-1β (IL-1β, catalogue 
number. JYM0001Gu), and interleukin-6 (IL-6, catalogue number. JYM0017Gu). Pathological morphology 
examination reagents were obtained from Shanghai YuanYe Bio-Technology Co., China. The key reagents 
included 4% paraformaldehyde, ethanol, xylene, and haematoxylin staining solutions.

Methods
Model preparation
The 24 guinea pigs were randomly divided into a high-fat diet (HFD group; n = 8), capsicum diet (CD group; n 
= 8), and control (C group; n = 8) using a random grouping method based on body weight. The specific model 
construction techniques included: (a) The maintenance feed was given to the C group guinea pigs. (b) The high-
fat feed was given to the HFD group guinea pigs. (c) The capsicum annuum var. conoides content feed was given 
to the CD group guinea pigs. The model cycle lasted for 90 days.

Sample collection
On day 91, the guinea pigs were anaesthetised through intraperitoneal injection of 45 mg/kg sodium pentobarbital. 
After anaesthesia, the guinea pig was placed on a surgical table and subjected to an abdominal incision, and 5 mL 
of blood was extracted from the abdominal aorta for biochemical and enzyme-linked immunosorbent assays. 
The blood was centrifuged at 3000 rpm, and the supernatant obtained was stored in a freezer at −80 °C. The liver 
and gallbladder were excised and immersed in a 4% paraformaldehyde solution for stabilisation after the blood 
vessels and ligaments were severed. Subsequently, the stomach of the guinea pig was incised with dissecting 
scissors along a wider arc after the clamping of the gastric cardia. The contents of the stomach were cleansed 
with saline, and the stomach tissue was stabilised with a 4% paraformaldehyde solution. Subsequently, 5 cm of 
the distal segment of the colon was incised, and the intestinal contents were cleaned with saline, and the colon 
tissue was preserved in a 4% paraformaldehyde solution.

Serum biochemical analysis
This study used biochemical assays to assess the serum lipid indices in guinea pigs. These markers included 
TC, HDL cholesterol, LDL cholesterol, and triglycerides. The biochemical assay protocols and procedures were 
carefully followed during testing, and all tests were performed according to the manufacturer’s instructions.

Enzyme-linked immunosorbent assay
The collected blood samples were centrifuged for 20 min at 3000 rpm. Standard and samples were prepared as 
follows: We added 100 µL of a standard solution with varying concentrations to the standard wells, followed by 
40 µL of the sample diluent. Subsequently, we added 10 µL of the serum sample to the wells. We ensured that no 
sample or enzyme reagent was added to the control wells. We filled each standard and sample well with 50 µL of 
the enzyme reagent, excluding the empty wells. The reaction wells were covered with a sealing membrane and 
incubated at 7 °C for 30 min. After incubation, the liquid was carefully removed, and the wells were gently pat 
dried. The washing solution was added to each well and subsequently drained. Subsequently, we added 50 µL of 
the enzyme reagent into each standard and sample well. We covered the reaction wells with a sealing membrane 
and allowed them to sit at 7 °C for 30 min. After the liquid had been removed and gently dried, the washing 
solution was added to each well. After 30 s, we drained the liquid and repeated the process five times, ensuring 
that the wells were gently dried after each wash. Subsequently, 50 µL of dye A and 50 µL of dye B were added 
to each well. The contents were thoroughly mixed and incubated in the dark at 37 °C for 10 min to develop the 
desired colour you want. We added 50 µL of the stop solution to each well to stop the reaction. After calibrating 
the empty wells to zero, the absorbance (OD) of each well was measured at 450 nm within 15 min.

Histopathology
Tissue samples from the liver, stomach, gallbladder, and colon were fixed in 10% formaldehyde and subsequently 
wrapped in 75% ethanol overnight. The tissues were dehydrated in 95% ethanol and cleared using xylene. 

Feed Name Ingredients Production Company
Production 
License Number

High-fat feed 78.85% basic feed + 21% lard + 0.15% cholesterol Xiaoshu Youtai (Beijing) Biotechnology Company SCXK (Beijing) 
2018-0006

10% Capsicum annuum var. conoides content 
feed

10% Capsicum annuum var. conoides + 90% 
maintenance feed Xiaoshu Youtai (Beijing) Biotechnology Company SC10351018201640

Table 1.  Information on main feed ingredients.
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Cleared tissue samples were embedded in paraffin molds, soaked for 3 h, and sectioned into 5-mm-thick slices. 
The sections were stained with HE, examined under a microscope, and photographed.

Statistical analysis
Statistical Package for the Social Sciences software (version 28.0) was utilised for data analysis. A t-test or rank-
sum test was used for comparisons between the two groups. The data are presented as mean ± standard deviation/
standard error of the mean. Student’s t-tests were used to compare the effects of the two groups. GraphPad 
software (version 9.5) was used to create statistical graphs.

Data availability
We declare that the data supporting the results of this study can be found within this article, and the data atlas 
has been submitted as supplementary material to the providing system.
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