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ABSTRACT 

Hemorrhoids, a prevalent anorectal disorder, significantly affect quality of life, yet effective 

treatments remain an area of ongoing research. This review provides a comprehensive analysis of 

preclinical studies and clinical management strategies for hemorrhoids. Preclinical studies, primarily 

involving animal models and in vitro systems, have identified various pharmacological agents with 

potential therapeutic benefits. Notably, compounds such as flavonoids, tannins, and certain herbal 

extracts have demonstrated anti-inflammatory, astringent, and venotonic effects that may help 

alleviate hemorrhoidal symptoms. These studies further emphasize the importance of cytokine 

regulation and the impact of oxidative stress on hemorrhoidal inflammation. Research on novel 

medication delivery methods, such as topical formulations and nanoparticles, has also shown promise 

in enhancing the efficacy of hemorrhoidal treatments. Meanwhile, preclinical research on surgical 

interventions, including laser therapy and sclerotherapy, has contributed to refining minimally 

invasive techniques. Clinical care often combines lifestyle changes, topical medication, and surgical 

procedures, but ongoing preclinical research is paving the path for more personalized and effective 

treatment approaches. Emerging therapies, including stem cell therapy and gene editing, are also 

briefly explored, pointing to future possibilities in hemorrhoid management. Overall, preclinical 

studies play a pivotal role in advancing both pharmacological and procedural treatments for 

hemorrhoidal disorders. 
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1. A BRIEF OVERVIEW 

         Hemorrhoids are anorectal disorders characterized by 

enlarged veins located in the lower region of the rectum and 

anus. They represent a common health issue that affects a 

large segment of the global population. Research shows that 

between 50% and 85% of people worldwide experience 

hemorrhoids at some point in their lives. 

In the United States of America, approximately 10 million 

individuals are affected by hemorrhoid-related conditions at 

any given time, and nearly half of the population is likely to 

develop symptomatic hemorrhoids during their lifetime. The 

prevalence of hemorrhoids1 varies significantly across 

regions. Studies indicate rates of 13.1% in Ethiopia, 16% in 

Israel2, 14.4% in Korea2, 18% in Egypt3, and 38.9% in 

Austria.4,5 

         Primarily, an abnormal dilation and distortion of the 

vascular channel together with destructive changes in the 

vascular cushion within supporting connective tissues leads to 

hemorrhoidal conditions. * Department of pharmacology, Visveswarapura Institute of pharmaceutical 
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1.1 Anatomy and pathophysiology of 

hemorrhoidal diseases 

     Hemorrhoids are common anatomical structures, both 

internal and external human body structures that are divided 

by the dentate line, which serves as an important an 

anatomical barrier. The three primary vascular cushions (also 

known as piles) that comprise the normal internal 

hemorrhoidal plexus are situated in the anus's left lateral (3 

o'clock), right anterior (11 o'clock), and right posterior (7 

o'clock) sites, as well as additional cushion-like tissues 

located around the anus at approximately the 1, 5, and 9 

o'clock positions.  These locations correspond to the major 

terminal branches of arteries found inside the submucosal 

layer.6 

       It is possible to comprehend the anal canal from both an 

anatomical and surgical perspective. It anatomically 

penetrates from the anal verge to the dentate line. However, 

from a surgical perspective, it is defined as stretching from the 

anorectal ring, which marks the transition of the rectum into 

the anal canal, down to the anal verge.6 

       Enlargement of the anal cushion is associated with 

various of pathological abnormalities and anatomical 

structure changes, including thrombosis, aberrant venous 

dilatation, thin-walled artery dilatation, connective tissue 

degeneration, and rupture of fibroelastic tissue.7,8 

 

2. PATHOLOGICAL PROCESSES 

     Numerous hypotheses seek to explain the formation and 

progression of hemorrhoids, although the precise 

pathophysiology of these conditions remains not fully 

understood. Some of the most prominent theories include: 

Figure 1. Pathophysiology of Hemorrhoids 

 

 

2.1 Varicose vein theory 

     The theory posits that hemorrhoids develop due to the 

dilation and engorgement of veins within the anal cushions, 

similar to the formation of varicose veins in the legs. 

Increased vein compression of these veins frequently triggers 

venous dilatation, which can lead to hemorrhoids 

development. 

     According to this theory, elevated pressure within the anal 

veins causes their dilation and engorgement. Activities such 

as straining during bowel movements, sitting for prolonged 

periods, and childbearing contribute to this increase pressure. 

Over time, the venous walls may weaken, and the valves that 

prevent blood backflow may become dysfunctional, further 

promoting hemorrhoid formation.9,10 

 

2.2 Vascular hyperplasia theory 

       The vascular hyperplasia theory of hemorrhoids 

postulates that a rise in the anal cushions' blood vessel count 

(vascular hyperplasia) is the root cause of hemorrhoids. The 

microvascular density increases in hemorrhoidal tissue, which 

is also known as neovascularization, due to the development 

of new blood vessels inside the tissue that is haemorrhage.10 

 

2.3 Hyperactivity of the internal sphincter 

theory 

         In accordance with the Hyperactive of the Internal 

Sphincter theory, excessive constriction of the internal anal 

sphincter plays a crucial part in the development of 

hemorrhoids. This theory is based on the idea that increased 

sphincter tone leads to higher pressures within the anal canal, 

ultimately resulting in the venous congestion and hemorrhoid 

formation. A smooth muscle called the internal anal sphincter 

maintains a steady anal canal pressure. The anal cushions 

experience an increase in pressure when this muscle is 

hyperactive or contracts excessively. 

        These cushions, which are normally composed of blood 

vessels and connective tissue, become engorged with blood 

due to the elevated pressure. The outcome of venous 

congestion produces thickening and collapse of the cushions, 

developing hemorrhoids. 

       This increased the anal canal's internal pressure, which 

not only contributes to the development of hemorrhoids but 

also exacerbates symptoms. An elevated sphincter tone can 

make defecation difficult and trigger symptoms that include 

bleeding from the rectal area, itchiness, and discomfort. The 

hyperactivity of the internal anal sphincter also hinders the 

normal blood flow, further contributing to venous dilation and 

hemorrhoid formation.11 
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2.4 Sliding theory 

      The sliding theory of anal cushions, proposed in 1975, 

posits that hemorrhoids occur when the internal anal cushions 

break down and slide downward due to weakened supporting 

structures. This weakening predisposes the anal cushions to 

prolapse during activities such as defecation or when there is 

an increase in intra-abdominal pressure. The downward 

displacement is linked to the inflammatory processes of the 

internal canal, venous dilatation, degeneration of fibro-elastic 

and collagen tissues, vascular thrombosis, and changes in the 

anal sub-epithelial muscle. This theory remains widely 

accepted today.12 

 

2.5 Hemodynamic theory 

       According to the theories of hemodynamics and 

hypervascularization, blood is carried by the terminals of the 

anterior rectal artery's branches to the anal cushions, having a 

slightly more expansive diameter. The enlargement is 

associated with increased blood flow and reduced venous 

impairment, resulting from the collapse of arteriovenous 

connections. This leads to the swelling and eventual prolapse 

of the anal cushions. 

      By acting as a sphincter to reduce arterial blood intake and 

increase venous outflow, the smooth muscles lining the 

arteriovenous plexus reduced the incidence of hemorrhoids. 

Additionally, hemorrhoidal tissues' higher microvascular 

density encourages remodeling, especially following a 

thrombosis episode. Multiple mediators and enzymes, 

including zinc-dependent proteinases, thrombin-dependent 

matrix metalloproteinases (MMPs), and stromal vascular 

endothelial growth factor (VEGF), contribute to tissue 

remodeling and degradation, which ultimately weakens the 

anal cushions' structural support and triggers the development 

of hemorrhoids.13,14 

Figure 2. Vascular abnormaties and Inflammation  

2.6 Inflammatory theory 

      The development and progression of hemorrhoids have 

been proposed to be significantly influenced by chronic 

inflammation in the anal area, according to the inflammatory 

theory of hemorrhoids.  

     Tumor necrosis factor-alpha (TNF-α), interleukin-1 (IL-1), 

interleukin-6 (IL-6), and other inflammatory mediators are 

released when the body's immune system is triggered by 

chronic inflammation in the anal cushions. These mediators 
trigger inflammatory processes, which affect tissue and allow 

the connective tissue supporting the anal cushions to weaken. 

The anal cushions' structural integrity is reduced by this tissue 

deterioration, resulting in the risk of prolapse and swelling. 4,9 

 

3. TYPES AND GRADING OF 

HEMORRHOIDS 

         The location of hemorrhoids with regard to the pectinate 

line, often known as the dentate line, determines their 

classification. 

 

3.1 Internal hemorrhoids  

       Goligher's classification divides them into four stages and 

states that they are caused by distortion of the venous plexus 

over the dentate line. Depending on the severity of the anus 

prolapse and its proclivity to voluntarily reduce 

GRADE I: There is no prolapse, but the anal cushion bleeds. 

GRADE II: The anal cushions naturally diminish but 

collapse via the anus when there is extreme stress or an 

increase in intra-abdominal pressure. 

GRADE III: Internal hemorrhoids that need to be manually 

pushed back inside the anus after prolapsing (staying out) 

during bowel movements. 

GRADE IV: Prolapse stays out and is non-reducible.  

 

3.2 External hemorrhoids 

      The swollen veins are observed below the dentate line and 

outside the anus. External hemorrhoids can be quite painful 

because of pain-sensitive nerve endings in the anoderm, in 

contrast to internal hemorrhoids, which are typically 

asymptomatic. A blood clot inside the enlarged vein can 

sometimes cause external hemorrhoids to thrombose, 

generating a hard, painful lump.
4 
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4. RISK FACTORS 

High body mass index 10, activities that elevate intra-

abdominal pressure, such as weightlifting and straining, 

persistent constipation11, pregnancy condition, which can 

cause constipation or reduced support of connective tissues 

due to increased elasticity 12, staying in the bathroom for 

extended periods of time might cause blood flow disruption, 

poor dietary habit, and hard stools or diarrhea, both of which 

can make bowel movements difficult 13 

 

5. MANAGEMENT OF HEMORRHOIDAL 

DISEASES 
 

        Managing hemorrhoidal diseases involves a combination 

of lifestyle changes, medical treatments, and sometimes 

surgical interventions. 

 

5.1 Dietary and lifestyle modification 

   
       Increasing fiber intake is essential for preventing 

constipation and lowering the risk of hemorrhoids. By 

increasing intake of fruits, vegetables, whole grains, and 

legumes, one can lessen the need for straining by softening 

stools to promote regular bowel movements. Additionally, 

staying well-hydrated by drinking plenty of water throughout 

the day can aid in maintaining soft stools and preventing 

constipation.10 

 

        It is crucial to maintain a healthy weight in order to 

lessen the strain on the veins in the rectal region. For 

individuals who are overweight, weight loss can be beneficial 

in managing hemorrhoidal symptoms. Healthy eating habits 

along with regular exercise are essential for effective weight 

management.10 

  

       Hemorrhoidal disease prevention and management can be 

greatly aided by implementing these lifestyle modifications. 

By focusing on dietary modifications, proper bathroom habits, 

regular exercise, weight management, good hygiene, avoiding 

heavy lifting, and establishing regular bowel habits, 

individuals can reduce the risk of developing hemorrhoids and 

alleviate symptoms. 

 

 

5.2 Medical Treatment  
 

5.2.1 Oral Calcium Dobesilate  
 

       Oral calcium dobesilate is a medication primarily used to 

treat piles (hemorrhoids) and varicose veins. It works by 

improving blood flow, reducing the leakage and fragility of 

small blood vessels, and acting as an antioxidant to promote 

healing. It has been demonstrated that it primarily acts on the 

capillary and venous walls by decreasing their permeability 

and fragility. This helps in reducing edema and protecting 

blood vessels. It raises endothelial nitric oxide levels by 

increasing the activity of nitric oxide synthase. Nitric oxide 

acts as a vasodilator, helping to relax blood vessels and 

improve blood circulation, while also having anti-platelet and 

fibrinolytic effects. 14,15,16 

 

5.2.2 Oral Flavonoids 
 

         Oral flavonoids have been prominently proven to aid in 

the control of hemorrhoids because of their antioxidant, anti-

inflammatory, and venotonic properties. The pharmacological 

actions associated with this venoactive preparation are based 

on the inhibition of leukocyte rolling, adhesion, and 

migration. It is made up of 90% micronized diosmin and 10% 

additional active flavonoids, including hesperidin, diosmetin, 

linarin, and isorhoifolin. 

 

         In a chronic venous hypertension model created by a 

femoral arteriovenous fistula, MPFF reduced the infiltration 

of granulocytes and macrophages into the venous valves, 

thereby preventing their degeneration. 

 

        The generation of prostaglandins and inflammatory 

substances, such as thromboxane B2, prostaglandin E2, and 

prostaglandin F2α, has been demonstrated to be decreased by 

a micronized pure flavonoid fraction in rat granulomas. It also 

shows antioxidant activity, reduces ischemia caused by 

histamines, bradykinin, and leukotriene B4, and prevents lipid 

peroxidation in endothelial cells. It improves lymphatic 

drainage and venous tone by reducing norepinephrine 

metabolism and altering noradrenergic signaling. It also 

improves microcirculation by increasing capillary resistance 

and decreasing capillary hyperpermeability in patients with 

fragile capillaries.15 

 

 

6. CURRENT THERAPIES 

  

6.1 Sclerotherapy 

 
       Sclerotherapy is currently recommended for the treatment 

of first- and second-degree hemorrhoids. The mechanism 

involves the injection of chemical agents (quinine 

hydrochloride, urea hydrochloride, and hypertonic saline) that 

induce fibrosis, anchoring the mucosa to the underlying 

muscle layer.17,18 

 

Adverse effect: Potentially, incorrect injection technique may 

cause mucosal ulceration or localized necrosis and, in rare but 

notable cases, lead to serious septic complications such as 

retroperitoneal sepsis or prostatic abscess. In patients with 

immunodeficiency or severe valvular heart disease, antibiotic 

prophylaxis is recommended to minimize the risk of bacterial 

infection following sclerotherapy.18 

 

6.2 Rubber Band Ligation 
 

        Rubber band ligation (RBL) is a widely preferred non-

surgical treatment for second-degree hemorrhoids, offering 
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about 70% short-term success. It affects the tissue located 

above the pectinate line, leading to necrosis and separation. 

Radiofrequency ablation (RFA) employs a ball electrode 

linked to a radiofrequency generator to coagulate and vaporize 

hemorrhoidal tissue. This reduces vascular supply and 

promotes fibrosis, anchoring the hemorrhoid to underlying 

tissue. Studies show RBL outperforms sclerotherapy, with 

similar complication rates but fewer patients needing further 

treatment.19,20 

 

Adverse effects: Some side effects of radiofrequency ablation 

(RFA) include perianal thrombosis, fissure infections, and 

significant urinary retention. Although the procedure is nearly 

painless, it carries a notable risk of prolapse and occasional 

bleeding.21 

 

6.3 Hemorrhoidectomy 
 

         Hemorrhoidectomy is a surgical procedure used to 

remove severe or persistent hemorrhoids, typically Grade III 

or IV internal hemorrhoids, or complicated cases such as 

thrombosed or strangulated hemorrhoids. 

 

        Traditionally, third-degree hemorrhoids are treated with 

hemorrhoidectomy, mainly using the Ferguson (closed) or 

Milligan-Morgan (open) techniques. Both aims to remove 

internal and external hemorrhoidal tissue while preserving 

enough mucosa for normal function. Modern tools like 

harmonic scalpels, lasers, and radiofrequency devices offer 

reduced postoperative discomfort and faster healing.21 

 

Adverse effects: Postoperative bleeding, occurring in about 

2% of cases, may result from inadequate sutures, device 

failure, or trauma. Postoperative wound infections may result 

from high blood flow, bacterial exposure, and altered local 

immunity.22 

 

6.4 Doppler-guided Hemorrhoidal Artery 

Ligation (DGHAL/THD)  
 

           DGHAL (also known as Transanal Hemorrhoidal 

Dearterialization – THD) is a minimally invasive, non-

excisional technique used to treat Grade II–III internal 

hemorrhoids, and occasionally Grade IV. A Doppler probe 

inserted through a proctoscope identifies arteries that supply 

the hemorrhoids. These are tied with absorbable sutures to 

reduce blood flow. Prolapsed tissue is repositioned and 

secured with mucopexy.23 

 

Adverse effect: Post-DGHAL may cause minor bleeding, 

pain, urinary retention, thrombosis, fissures, ulcers, 

infections, incomplete relief, recurrence, granulomas, 

stenosis, or rare incontinence.23 

 

 

7. PRECLINICAL EVALUATION OF 

HEMORRHOIDS 

7.1 Spontaneous models 

       Numerous dynamically occurring rat models of 

hemorrhoids exist; rats are commonly used in hemorrhoid 

research due to several scientific and practical advantages. 

Their anatomical and physiological responses to hemorrhoid-

inducing agents closely mimic human pathophysiology, 

making them ideal for studying disease mechanisms and 

treatment options. 

• Croton oil induced hemorrhoids 

• Jatropha oil induced hemorrhoids 

• Acetic acid induced hemorrhoids 

 

7.1.1 Croton oil induced hemorrhoids 

7.1.1.1 Mechanism of induction  

         Croton oil, produced from Croton tiglium L., is 

principally known for its unpleasant and irritant qualities due 

to its phorbol ester components, particularly 12-O-

tetradecanoylphorbol-13-acetate. According to research, this 

substance activates protein kinase C, which results in an 

inflammatory response that releases pro-inflammatory 

cytokines such as tumor necrosis factor-alpha (TNF-α), 

interleukin-1 beta (IL-1β), and interleukin-6 (IL-6), among 

other inflammatory mediators. 

         Additionally, phorbol esters induce vasodilation and 

trigger the infiltration of polymorphonuclear leukocytes, 

thereby initiating a complex inflammatory response. Nitric 

oxide, cytokines, prostaglandins, leukotrienes, kinins, 

chemokines, and bradykinins are among the soluble pro-

inflammatory mediators that have been shown to be catalyzed 

by these esters. The inflammatory cascade involves the 

manipulation of resident cells, including fibroblasts, mast 

cells, endothelial cells, and macrophages, and these molecular 

effectors work together to contribute to it. The mobilization 

of circulating inflammatory cells, such as neutrophils, 

monocytes, eosinophils, and lymphocytes, is an additional 

component of this response, which leads to the inflammatory 

process. 24,25,26 

7.1.1.2 Induction process  

       Hemorrhoids will be induced in rats by the application of 

prepared croton oil onto the anal portion of the animal. 

Hemorrhoids are induced by croton oil solution (containing 

deionized water, pyridine, diethyl ether, and 6% croton oil in 

diethyl ether in the ratio of 1:4:5:10). 

       Followed by overnight fasting, sterile cotton swabs of 

4 mm in diameter are soaked in 100 µl of prepared croton 

oil and inserted into the recto-anal region of the study 

animals, 20 mm from the anal opening, and kept for 10 

seconds. The edema will be developed linearly until 7 to 8 

hours after croton oil application. 24 
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Induction of croton oil is done once a day; the presence of 

edema would be denoted at the end of the third day after 

induction. 

      Twenty-four hours after the induction, animals of the 

respective group will be treated for the next 5 days. On the 9th 

day, 1 hour after the treatment, blood samples will be 

collected with retro-orbital sinus under anesthesia for the 

evaluation of the biochemical parameters. All animals would 

be euthanized by injecting an overdose of general anesthetics. 

Thiopental sodium (40mg/kg) was administered through the 

intraperitoneal route, and recto-anal tissue was taken along 20 

mm, which would be separated, and the weight will be noted. 
 

7.1.1.3 Parameters to be evaluated 24 

I. Hemorrhoid Grading  

II. Anorectal coefficient (ARC)- Animal and isolated 

tissue weight to calculate the ARC would be 

calculated by the following formula: 

ARC=  
Anorectal tissue weight(mg)

Animal body weight (g)
 

III. Cytokine profiling  

Blood is collected from the recto-orbital sinus to 

measure TNFα, IL-6, and VEGF levels using an 

ELISA kit. 

IV. Histomorphometric analysis  

 

7.1.1.4 Biochemical parameter  

          Collection of the sample: The blood would be 

collected and allowed to obtain the serum; the serum would 

be obtained after centrifugation at 3000 rpm for 15 min and 

stored at -800C for further biochemical analysis. 
 

         Biochemical parameters to be estimated are: 

Superoxide Dismutase SOD, Lipid peroxidation activity, 

Catalase activity CAT, Reduced Glutathione (GSH), 

Malondialdehyde, Myeloperoxidase, and Total Protein  
 

7.1.2 Jatropha oil induced hemorrhoids 

7.1.2.1 Mechanism of jatropha oil  

          Studies reported 27 that Jatropha oil contains phorbol 

esters, which may inhibit the production of prostaglandins. 

Prostaglandins help regulate blood flow and inflammation. 

Reduced prostaglandin synthesis might lead to increased 

blood vessel constriction, potentially exacerbating 

hemorrhoids. Phorbol esters in Jatropha oil can activate 

protein kinase C (PKC), triggering the activation of several 

inflammatory pathways. This might result in increased 

inflammation and swelling in the rectal veins, contributing to 

hemorrhoid development, and it also may increase vascular 

permeability, allowing more fluid to leak into the tissues and 

contributing to swelling and inflammation in the rectal area. 

         Additionally, Jatropha oil showed that it altered gut 

motility by altering the balance of gut hormones, such as 

gastrin and cholecystokinin. Altered gut motility can lead to 

constipation or diarrhea, both of which can contribute to 

hemorrhoid development. 

 

7.1.2.2 Process of induction  

         The induction of hemorrhoids was carried out with 

jatropha with slight modification. The application of jatropha 

is done by soaking a sterile cotton swab inserted into the anus 

about 20 mm from the anal opening of a rat and keeping it 

there for 20 seconds in all groups (except the normal control). 
Administration of jatropha oil is done once a day for 5 

consecutive days. 

         A day after induction, all groups will be subjected to 

their relevant treatment for the next five days. On the last day, 

one hour after the relevant treatment, record the body weight 

of all rats. Then, euthanize the rats using an overdose of CO2 

for histopathological examination and measurement of the 

recto-anal coefficient (RAC) determination, and collect the 

blood samples from the retro-orbital route for biochemical 

evaluation.27 

 

7.1.2.3 Parameters to be evaluated  

I. Hemorrhoid Grading Severity Score 

II.  Cytokines profiling i.e., PEG-2, TNF-α, IL-6 

 

III. Histopathological analysis 

IV. Anorectal coefficient (ARC)- Animal and isolated 

tissue weight to calculate the ARC would be 

calculated by the following formula: 

ARC=  
Anorectal tissue weight(mg)

Animal body weight (g)
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7.1.3 Acetic acid induced hemorrhoids 

7.1.3.1 Mechanism of induction of acetic acid  

          Acetic acid is a weak organic acid that has been 

reported to induce hemorrhoids in individuals by disrupting 

the mucosal barrier, leading to increased permeability and 

allowing toxins and irritants to penetrate the tissue. According 

to research, acetic acid can cause oxidative stress and 

inflammation in the rectal mucosa, which results in the 

generation of reactive oxygen species (ROS) and pro-

inflammatory cytokines. 

          The transcription factor nuclear factor kappa B (NF-

κB), which controls the production of genes that promote 

inflammation, can be activated by acetic acid. Furthermore, it 

has the ability to enhance the production of adhesion 

molecules, including intercellular adhesion molecule-1 

(ICAM-1), which can promote leukocyte recruitment and 

inflammation.28 

 

7.1.3.2 Induction of hemorrhoids 

          Hemorrhoids were induced by rectally administering 2 

mL of a 3% (v/v) acetic acid solution using a 2 mm diameter 

polyurethane tube, which was inserted 4.5 cm into the rectum. 

To prevent solution extravasation, the rats were maintained in 

a Trendelenburg position throughout the rectal instillation 

procedure and for an additional minute post-instillation, 

ensuring optimal retention of the irritant solution. 

 

7.1.3.3 Parameters  

          Biochemical analyses, including measurements of 

caspase-3 and myeloperoxidase (MPO) levels, were 

performed on tissue samples taken from the proximal region 

of the anus (2–3 cm).29 

7.2 Stable internal hemorrhoid model 

         Establishing a stable internal hemorrhoid model in rats 

is crucial for researching the pathophysiology and potential 

treatments of this condition. A notable method involves the 

induction of a croton oil mixture to the recto anal region, 

combined with specific physical activities.30,31 

7.2.1 Procedure  

        Inhalation isoflurane anesthesia- Rats were anesthetized 

using inhaled isoflurane (induction: 3–3.5%, maintenance: 

1.5–2.5%) and placed supine on a custom fixation frame with 

the anus fully exposed. Following sterilization and 

positioning in the lithotomy posture, a longitudinal incision of 

approximately 0.5 cm was made in the canal sulcus at the 12 

o'clock position using tissue scissors. The incision included 

the inner and 12-point dentate lines along with the outer sulcus 

margin to facilitate effective drainage. After the procedure, 

the rats were allowed to eat normally for three days. A pale-

yellow ulcer developed at the site of the 12-point incision, 

without notable swelling. The experiment proceeded once the 

absence of bleeding was confirmed.32 

 

Croton oil stimulation: A croton oil mixture was created by 

combining distilled water, pyridine, ether, and 6% croton oil 

in a ratio of 1:4:5:10. After immobilizing the rat for 10 

seconds, 0.05 mL of the croton oil combination was pipetted 

into the mucosa on the rat's tooth line. Fingers were then used 

to gently massage the perianal region for 10 seconds, and the 

rat was then put back in its cage. 
 

        A plastic cylinder of 5 cm in diameter and 35 cm in 

length  roughly three times the rat's body length  was chosen 

for the standing experiment at a temperature between 18 and 

20°C. The cylinder was made to fit snugly around the rat's 

abdominal circumference. The rat was positioned inside the 

cylinder with its head facing upward and feet downward. 

Once the feet were exposed, the cylinder was secured in a 

vertical position, keeping the rat upright and stationary for 6 

hours.33 
 

Swimming experiment: For an hour, the standing position 

rats were submerged in water with a temperature between 20 

and 25 °C. After 1 hour, the rats exhibited signs of distress, 

including sparse and disheveled fur, lethargy, The rats 

exhibited reduced responsiveness to external stimuli, hind 

limb weakness, trembling, and signs of overall exhaustion 

and fatigue. They were then placed in a room maintained at 

25°C to allow their fur to dry for 1 hour.34 

 

8. TRADITIONAL HERBAL EXTRACT FOR 

ANTI-HEMORRHOIDAL ACTIVITY  
   

         Traditional herbal extracts have been used for centuries 

to treat hemorrhoids due to their anti-inflammatory, 

astringent, and soothing properties. These herbs are believed 

to alleviate symptoms like swelling, pain, and itching 
associated with hemorrhoids. Some commonly used herbs are 

listed in Table 1. 

 

9. NANOPARTICLE-BASED HERBAL 

FORMULATIONS FOR HEMORRHOIDS 

 

     Nanoparticle-based herbal formulations (Table 2) present 

a propitious therapeutic strategy for hemorrhoid management. 

By augmenting bioavailability, facilitating site-specific 

targeting, and enhancing therapeutic efficacy, these 

innovative formulations may afford symptomatic relief and 

significantly improve patients' quality of life. 
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Table 1. Traditional herbal extract for anti-hemorrhoidal activity 

 

No. Botanical name Family Extraction Formulation Model Activity /MOA Reference 

1 
Allium iranicum 

 

Amaryllidace

ae 

 

Leaves 

extraction 
Cream 

A double blind randomized 

controlled clinical trial 

 

Leaf shows significant better outcomes 

in the leek group compared to the 

routine ant hemorrhoid and placebo 

groups in the field of bleeding severity 

and overall subjective improvement. 

35 

2 

Cissus 

quadrangularis L. 

 

Vitaceae 

 

Leaves 

ethanolic 

extract 

Enteric film 

coated tablets 

• Anti-inflammatory 

• Vasoconstrictive effects 

• Acute oral toxicity 

Healing rate 

 

Reoccurrence rate 

36 

3 

Teucrium Orientale 

L. 

 

Lamiaceae 
Aqueous 

extract 
Extract Randomized clinical trail 

Healing rate 

 

Reoccurrence rate 

37 

4 

Aesculus 

hippocastanum 

Seed 

V. Vinifera leaves 

Sapindaceae 

 

 

Vitaceae 

Ethanolic 

extract 
Hydrogel 

Writhing test 

Plethysmometric method 

Antinociception effect (pain) 

Anti inflammatory effect 

38 

5 
Pluchea indica 

Leaves 
Asteraceae 

Aqueous 

extract 
Extract 

• Whole gut transit time in 

mice 

• Intestinal transit rate in mice 

• Croton oil-induced 

hemorrhoids in rats 

No effect on the gastrointestinal. 

 

Significant decrease in the 

inflammation of hemorrhoid . 

 

39 

6 

Acacia 

ferruginea DC 

 

Fabaceae 
Hydroalcoho

lic extract 
Extract 

Croton oil-induced hemorrhoids 

in rats 

Reduced the inflammatory cytokines 

TNF-α, IL-6 ,PGE2. 

40 

7 

Terminalia 

chebula Retz. 

 

Combretaceae Powder Capsule 

A double – blind randomized 

placebo – controlled clinical 

trial 

 

Repaired hemorrhoid damaged tissues. 
41 

8 Phlomis grandiflora Lamiaceae 
Methanolic 

extract 
Cream 

Croton oil-induced hemorrhoids 

in rats 

VEGF 

Capillary permiability . 

42 

9 
Solanum 

melongena . L 

Solanaceae 

 

Methanolic 

extract 

Extract 

Tropical 

cream 

Croton oil-induced hemorrhoids 

in rats 
Reducing the capillary permeability. 

43 

10 
Annona muricata 

L. 
Annonaceae 

Ethanolic 

extract 
Extract 

Croton oil-induced hemorrhoids 

in rats 

Inhibition of TNF-α,IL-β,IL-6, Nitric 

oxide . 

44 
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No. Botanical name Family Extraction Formulation Model Activity /MOA Reference 

11 
Capsella bursa-

pastoris 

Brassicaceae 

 

Ethanolic 

extract 

Aqueous 

extract 

Extract 
Croton oil-induced hemorrhoids 

in rats 

Ameliorated the levels of the 

cytokines, LPO, MPO, and the 

antioxidants. 

45 

12 

Dolichandrone 

falcata 

 

Bignoniaceae 

Ethanolic 

extract 

 

Extract 
Croton oil-induced hemorrhoids 

in rats 

Restore the alterations in LPO and CAT 

levels. 

46 

13 
Lawsonia inermis 

 
Lythraceae 

Ethanolic 

extract 
Extract 

Croton oil-induced hemorrhoids 

in rats 
Anti inflammatory activity 

47 

14 

Graptophyllum 

pictum (L.) 

 

Acanthaceae 
Ethanolic 

extract 

Oral and 

tropical 

formulation 

Croton oil-induced hemorrhoids 

in rats 
Repaired hemorrhoid damaged tissues. 

48 

15 

Launea 

procunbence 

(Linn.) 

Asteraceae 
Aqueous 

extract 
Suspension 

Inflammatory induction of 

hemorrhoidal disease by 

injection of kaolin suspension 

Anti-inflammatory effect is maxima. 
49 

16 Aloe vera 
Asphodelacea

e (Liliaceae) 
Scoped gel 

Oral and 

tropical 

formulation 

Croton oil-induced hemorrhoids 

in rats 

Oral formulation is not much effective 

as compared to standard. 

50 

17 Newbouldia laevis Bignoniaceae 
Ethanolic 

extract 
Emulgels 

Croton oil-induced hemorrhoids 

in rats 

Novel formulation has better anti 

inflamatory property. 

51 

18 

Actiniopteris 

radiata 

 

 

Pteridaceae 
Ethanolic 

extract 
Extract 

Croton oil-induced hemorrhoids 

in rats 

 

 

 

Showed reduction inflammatory extent, 

severity, edema, granulation tissue, 

congestive and thickened blood 

vessels, suggestive of anti-

inflammatory and anti-oxidant 

properties. 

52 

19 
Cistus laurifolius 

 

Cistaceae 

 

Methanolic 

and aqueous 

extracts 

Extract 
Croton oil-induced hemorrhoids 

in rats 

Improved blood markers of disease 

progression and histomorphological 

scores. 

53 

20 Lantana Camara Verbenaceae Extract Candy 
Croton oil-induced hemorrhoids 

in rats 

Lantana Camara leaves have anti-

inflammatory, analgesic action. 

54 

21 

Achillea 

millefolium 

 

Asteraceae 

 

 

Hydroalcoho

lic extract 
Ointment 

Randomized double-blind 

placebo-controlled clinical trial 

 

Positive effect on improving pain, 

discomfort during defecation, intensity 

and frequency of bleeding in patients 

with grade 1 and 2 internal 

hemorrhoids. 

55 

https://en.wikipedia.org/wiki/Asteraceae
https://en.wikipedia.org/wiki/Asteraceae
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No. Botanical name Family Extraction Formulation Model Activity /MOA Reference 

22 

Ocimum 

gratissimum 

 

Labiateae 
Ethanolic 

extract 
Extract 

Croton oil-induced hemorrhoids 

in rats 
Reparation of anorectal tissue . 

56 

23 
Boswellia serrata 

 

Burseraceae 

 

Hexane, 

chloroform, 

and 

methanol 

Extract 

Croton oil-induced hemorrhoids 

in rats 

In silico methods 

The identified phytoconstituent(s) that 

could potentially interact with the 

target protein cyclooxygenase-2 (COX-

2) (PDB: 4RRW) using molecular 

dynamics simulation and in silico 

docking. 

57 

24 

Pithecellobium 

Dulce 

 

Fabaceae Aqueous Extract 
Jatropha oil-induced 

hemorrhoidal disease in rats. 

Anti-hemorrhoidal 

properties via mechanism involving 

vasoconstriction, alongside 

enhancement of anti-inflammatory and 

antioxidant status. 

58 

25 Laurus nobilis Lauraceae Ethanolic Extract 
Croton oil-induced hemorrhoids 

in rats 

Higher dose posses anti hemorrhoidal 

acivity. 

59 

26 
Scaphium Affine 

 

Malvaceae 

 
Ethanolic Extract 

Croton oil-induced hemorrhoids 

in rats 

Jatropha oil-induced 

hemorrhoidal disease in rats. 

Histopathological analysis confirmed 

the tissue recovery as it revealed 

minimal inflammation and decreased 

dilated blood vessels in treated 

animals. 

60 

27 
Moringa Oleifera 

 
Moringaceae Ethanolic Extract 

Croton oil-induced hemorrhoids 

in rats 

 

Moringa oleifera extract reduced 

inflammation, cytokines, extravasation, 

and tissue damage in croton oil-

induced hemorrhoidal rats, proving 

anti-hemorrhoidal potential. 

61 

28 
Tridax procumbens 

 

Asteraceae 

 

Ethanolic 

whole plant 

extract 

Extract 

Croton oil-induced hemorrhoids 

in rats 

 

Reduced inflammation, neutrophils, 

TNF-α, and IL-6 in hemorrhoidal rats. 

62 

29 
Lawsonia inermis 

 
Lythraceae 

Ethanolic 

leaf extract 
Extract 

Croton Oil Induced 

Hemorrhoidal Rats 

 

Reduced inflammation, TNF-α, IL-6, 

and neutrophils in hemorrhoidal rats. 
63 

30 

Capsella bursa-

pastoris 

 

Brassicaceae 

 

Ethanolic 

leaf extract 
Extract 

Croton Oil Induced 

Hemorrhoidal Rats 

 

Confirmed its anti-hemorrhoidal, 

antioxidant effects, recommending its 

organic acid-rich extracts for treatment. 

64 
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31 
Amorphophallus 

paeoniifolius 

Araceae 

 

Methanolic 

extract 

Aqueous 

extract 

Extract 
Croton Oil Induced 

Hemorrhoidal Rats 

Reduced inflammation, oxidative 

damage, vasodilation, and hemorrhagic 

severity. 

65 

32 
Tephrosia linearis 

(Wild) Pers 

Fabaceae 

 

Aqueous 

extract 
Extract 

Jatropha Oil Induced 

Hemorrhoidal Rats 

 

T. Linearis extract showed stronger 

anti-hemorrhoid effects than Daflon, 

supporting traditional use. 

66 

33 
Blumea lacera 

(Burm.f.) DC. 
Asteraceae 

Ethanolic 

leaf extract 
Extract 

Croton Oil Induced 

Hemorrhoidal Rats 

 

Significantly reduced inflammation, 

cytokines, RAC, and oxidative stress, 

supporting Blumea lacera's traditional 

hemorrhoid treatment, likely due to 

quercetin. 

67 

34 
Pithecellobium 

dulce 

Fabaceae 

 

Aqueous 

Extract of 

the seeds 

Extract 
Induction of hemorrhoidal 

disease by acetic acid 5 % 

Seed extract reduced acetic acid-

induced hemorrhoids by decreasing 

inflammation, oxidative stress, and 

tissue damage, enhancing antioxidant 

defense and healing. 

68 

35 Moringa oleifera Moringaceae Seed oil Suppositories 

Croton Oil Induced 

Hemorrhoidal Rats 

 

Moringa seed oil suppositories with 

macrogol and dika fat demonstrated 

stability, anti-inflammatory effects, and 

potential for hemorrhoid treatment via 

optimized delivery. 

69 

36 

Ageratum 

conyzoides L 

 

 

 

 

 

Asteraceae 
Ethanolic 

leaf extract 

Tropical and 

oral 

Croton Oil Induced 

Hemorrhoidal Rats 

 

Treatment with the test extract dose-

dependently decreased inflammation, 

rectal bleeding and hemorrhoid size, 

when compared to the control group, 

histopathological analysis of the anal 

area of treated rats revealed a reduction 

in congestion, edema, and vascular 

dilatation. 

70 
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Table 2. Nanoparticle based herbal formulation for hemorrhoid 

 

No. 

 

Plant scientific 

name & common 

name 

 

Part 

used 

 

Metal/metal 

oxide 

nanoparticles 

 

Method used 

for 

characterization 

 

Anti 

hemorrhoidal 

activity 

 

Results 

 

 

Signaling pathway 

 

References 

1 Blumea lacera Seeds 

Silver 

nanoparticles 

(PLSNPs) 

 

(spherical) 

HPLC, TEM, 

SEM 

Induced 

hemorrhoids 

Restoration of altered 

antioxidant status 

Reduced 

inflammation zone 

with minimal dilation 

of blood vessels 

AMPK 

pathway 

 

  Activates AMPK,  

 

Reduction of 

inflammation 

Endothelin B 

receptor 

modification. 

 

71 

2 
GraptophylluSm 

pictum 

leaves 

 

Lipid 

nanoparticles 

(liposomal 

and 

ethosomal ) 

DSC, SEM, EE, 

TLC, FTIR 

Croton oil      

induced 

hemorrhoids 

 

Skin 

penetration 

study 

 

 

GE revealed better 

anti-hemorrhoid 

activity as it showed 

a lesser number of 

inflammatory cells, 

goblet cells, and 

necrosis cells. 

Additionally, it 

exhibited a smaller 

hemorrhage area and 

muscular mucose cell 

thickness compared 

to GL 

Unspecified 

 

 

 

 

 

 

 

It revealed better 

anti-hemorrhoid 

activity as it 

showed a lesser 

number of 

inflammatory 

cells, goblet cells, 

and necrosis cells.  

72 
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10. SUMMARY AND PROSPECTS 

      Although numerous animal models claim to replicate 

hemorrhoids, only a few truly meet key criteria: clinical and 

pathological resemblance to hemorrhoids, involvement of 

relevant pathogenic mechanisms, and validation through 

response to established hemorrhoid therapies. 

 

     Preclinical studies have significantly advanced our 

understanding of hemorrhoidal disease, elucidating its 

complex pathophysiology involving vascular hyperplasia, 

inflammation, and connective tissue deterioration. These 

insights have established the groundwork for the development 

of targeted therapeutic strategies beyond conventional 

symptomatic relief. Key preclinical findings emphasize the 

role of oxidative stress, vascular dysfunction, and 

inflammatory mediators in hemorrhoid progression.  

 

    Animal models have been instrumental in testing 

pharmacological agents such as flavonoids, anti-

inflammatory compounds, and novel sclerosing agents, which 

demonstrate promising results in reducing hemorrhoidal 

swelling, bleeding, and discomfort. 

 

    Evidence-based approaches integrate these findings into 

clinical practice, promoting minimally invasive and 

conservative treatments as first-line options. Techniques such 

as rubber band ligation, infrared coagulation, and doppler-

guided hemorrhoidal artery ligation are supported by robust 

clinical data. Additionally, phototherapeutics like micronized 

purified flavonoid fractions (MPFF) have shown efficacy in 

both acute and chronic hemorrhoidal disease management. 

 

       Looking forward, further integration of molecular and 

genetic research could enable the development of 

personalized treatment strategies. Nanotechnology-based 

drug delivery systems and bioengineered tissue scaffolds 

represent promising future avenues. Continued collaboration 

between preclinical research and clinical trials will be crucial 

in optimizing therapeutic outcomes and improving patient 

quality of life in hemorrhoidal disease management. 
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