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ABSTRACT
[bookmark: _GoBack]Drugs are delivered through a number of routes for treating local or systemic diseases. It is necessary for systemically active drugs to enter the systemic circulation in order to be disseminated throughout the body, including the site of action. The effects of locally acting drugs, on the other hand, typically occur at or around the site of administration. Drugs are subjected to a variety of physiological variables and must pass through biological barriers before they reach their site of effect, whether they are utilized for systemic or local effects. Biological barriers and physiological features differ according to the various drug administration routes. Physicochemical characteristics of drug, product formulation, physiological conditions at the various drug administration sites, and the type of disease being treated are typically taken into consideration while choosing the drug administration route. The drug product must be modified to fit the biological atmosphere at each route of drug administration and to maximize drug availability at the desired site of action.
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1. INTRODUCTION
The route of administration refers to how a drug or other substance comes into touch with or enters an animal's body. The choice of drug delivery route is a crucial aspect of treatment since it affects the effects that the drug produces as well as its onset and duration of action [1]. The method of administration has a significant impact on the drug's pharmacokinetic characteristics, including absorption, distribution, metabolism, and excretion. The type and quantity of the medicine, the number of animals (one or many) to be medicated, the ease of administration, safety, and the cost of the administration method are other criteria that affect the choice of drug administration route. An incorrect route choice could be detrimental to the animal's health or ineffectual. There isn't a single best way to administer a drug in every situation [2]. 
The three primary categories of drug delivery routes are enteral, parenteral, and topical. Drugs administered through the gastrointestinal tract directly (oral, sublingual, or intragastric) are referred to as enteral administration. Intravenous, intramuscular, subcutaneous, intraperitoneal, and other forms of parenteral (par-beyond, enteral-intestinal) delivery are also included. Drugs used topically are applied to the skin and mucous membranes [3]. 
The physical and chemical characteristics of the drug (solid, liquid, or gas; solubility, stability, pH, and irritancy) are some of the elements that influence the route selection. Site of desired action – localized or generalized, rate and degree of drug absorption via various routes, impact of the drug's first-pass metabolism and digestive fluids, the targeted speed of the reaction (emergency or routine therapy), required dosage accuracy (fine-tuning of dose is necessary for intravenous and inhalation), patient condition (vomiting, unconscious) are other aspects need to be considered [4]. 
2. FACTORS THAT INFLUENCE DRUG DELIVERY ROUTES [5-7]. 
A variety of factors should be taken into account while choosing a drug's administration route: 
1. Physico-chemical characteristics of drug: In contrast to polar and ionized drugs (such as heparin and ouabain), which are ineffective when taken orally, substances with high lipid solubility are more easily absorbed through all routes, including the gastrointestinal tract.
2. Drug formulation: Some medications, including procaine penicillin, are available as suspensions or emulsions because they are insoluble in water. These drugs are not appropriate for intravenous administration.
3. The drug's nature: In the GI tract, peptides and acid-labile medications (including insulin and penicillin-G) are quickly broken down. Hence these drugs should be administered parenterally.
4. The necessary start of action: A number of methods, including subcutaneous and oral, have a delayed onset of effect. These routes are not appropriate for emergency situations.
5. Response type needed: For certain drugs, the mode of administration determines the kind of pharmacological or therapeutic effect. For instance, an intravenous magnesium sulphate solution causes paralysis or muscle relaxation, yet an oral dose causes purgation.
6. Location of desired action: Parenteral methods are better for systemic and widespread effects, while topical routes are better for localized problems (e.g., eye drops for conjunctivitis).
7. Biotransformation: Medications, like dopamine and dobutamine, undergo extremely quick biotransformation, resulting in extremely short half-lives. Only intravenous infusion is appropriate for these kinds of drugs.
8. Patient condition: Patients who are vomiting, unconscious, or uncooperative should not be given oral route of medication. However, when it comes to gastrointestinal parasites, parenteral approaches are less successful.
3. SELECTION OF ADMINISTRATION ROUTE
There are many different ways to give drugs to animals. Whether the substance is being delivered for a systemic or local effect is a crucial element in choosing the desired route. Since parenteral administration techniques avoid the first-pass effect of hepatic metabolism, which frequently happens with orally delivered substances and drugs, it usually results in the highest bioavailability of drugs. Additionally, parenteral methods avoid some of the uncertainty that comes with enteral absorptive processes [8]. 
A drug can be administered orally or directly into the stomach (gastric gavage); it can be injected into a blood vessel (intravenous); it can be injected onto, into, under, or across the skin or into a muscle (subcutaneous, epicutaneous, transdermal, intradermal and intramuscular administration, respectively); it can be injected onto or into the eye (trans-corneal or intraocular); it can be injected into the brain (intracerebral) or the space surrounding the dura mater or the space surrounding the distal spinal cord (epidural and intrathecal, respectively); it can be injected into the peritoneal cavity (intraperitoneal) or directly into the marrow cavity (intraosseous); it can be sprayed into the nose for absorption across the nasal mucous membranes or into the lungs (intratracheal); it can be injected into the lungs by direct tracheal instillation (intratracheal) or inhalation; or it can be administered through a variety of less common routes that uses other body orifices, surgical exposures, and species-specific anatomic features. Depending on the desired outcome, each route has advantages and disadvantages that should be taken into account. The route chosen will have a significant impact on the substance's pharmacokinetics [9].  
4. ENTERAL ROUTE
4.1 Oral Route
One of the most popular and practical approaches in both human and veterinary medicine is the oral route of drug administration, which is giving drugs through the mouth. It is also known as per oral or per os (P.O.). Oral administration is possible for a variety of drug forms, such as suspensions, tablets, pills, capsules, powders, mixtures, and boluses, commonly referred to as premixes and pessaries. Drug containing pastes are placed on cats' forelimbs, where they are licked and consumed [10]. Granules are added to rations for consumption, pastes are put at the rear of the mouth using oral dosing syringes, and liquids and suspensions are given to horses using nasogastric tubes.
Advantages
Targeted drug delivery to the gastrointestinal tract (GIT) is possible using the oral route. For drug absorption, the GIT offers a sizable and comprehensive absorption\surface. The process of administration is seen as a simple and useful method of giving drugs. Livestock can easily receive tablets and boluses, enabling effective and regulated medication administration. The oral route is typically more cost-effective than other drug delivery techniques like injections. Since oral medications are frequently offered in bigger quantities, several animals can be treated at once. This can lower overall treatment costs and save money [11].
Disadvantages
Oral administration has several drawbacks, such as a comparatively sluggish onset of action, the potential for uneven absorption, the stomach's destruction of acid-labile drugs, and the incompatibility of this route for many large molecular weight medicines. Careful pharmaceutical formulation is necessary for oral dose formulations [12].
4.2 Intra-gastric Route
The medication is given directly into the stomach or oesophagus. It is frequently used in place of incorporating the ingredient into food or water. When it comes to animal dosage, this approach is precise. Anaesthesia is not always required while using a gastric lavage tube, which is a small, curved, metallic tube with a ball on the tip [13]. 
5. PARENTERAL ROUTES
The technique of injecting drugs into the body directly, bypassing the digestive tract, is known as parenteral administration. Drugs that require precise administration, act quickly, or are poorly absorbed when taken orally, are administered parentrally. The avoidance of first-pass metabolism, improved bioavailability in comparison to other drug delivery routes, and consistent dosing are few benefits of this mode of drug administration. Parenteral therapy, produces better and more consistent pharmaco-dynamic and pharmaco-kinetic profiles than oral drug administration because it offers greater control over the dosage and rate of the medication [14]. 
In this context, the Greek words "para" (outside) and "enterone" (intestine) are used. 
Parenteral products are distinct from other drug dosage forms as they are injected directly into internal body compartments via the skin or mucous membrane. The parenteral product must be highly pure, free of physical, chemical, and biological impurities. 
Parenteral refers to sterile pharmacological solutions or suspensions supplied through an aqueous or oily carrier, rather than orally [15]. 
Various Parenteral Routes of Administration
Parenteral routes are divided into different types, for different forms of drug delivery each type is essential, and a separate method has for every type [16].   
5.1 Intravenous route
The drug solution is injected straight into one of the superficial veins during intravenous (IV/I.V.) delivery (Table 1). The drug-containing water solution can be administered continuously (IV drips, IV infusion) or as a single dosage (IV bolus, IV injection). A needle of the proper size is placed straight into a peripheral vein for the intravenous bolus, and the medication solution is given either quickly or gradually over the course of one to two minutes. The medication enters the systemic circulation right away, and effects start to manifest quickly. The medicine solution is transported by gravity from a glass bottle or a collapsible plastic bag to a catheter that is placed in a peripheral vein via thin, flexible tubing for infusion [17]. 
With an IV injection, a syringe delivers the substance straight into the vein, allowing the medicine to go throughout the body through the bloodstream. The fluid or blood can be quickly restored using this injection technique, and it is simple to provide the medication at the right concentration and keep it there for a time. IV fluid administration is a part of supportive therapy of different illnesses [18]. IV administration of drugs that irritate muscle and subcutaneous tissue is an option [19]. It is recommended for situations where a precise serum drug level is required, a quick drug action is wanted, or when medicines are unstable or poorly absorbed in the GIT. Additionally, patients   who are unable to tolerate oral drugs due to severe nausea or vomiting or disturbed mental status are treated using this method [11]. 
Table 1: Site of IV injections in animals [20] 
	Site
	Species

	Jugular vein
	Cattle, sheep, goat, horse

	Cephalic vein (Fore limb) 
	Dog, cat

	Saphenous vein (Hind limb) 
	Monkey, dog

	Femoral vein
	Cat, monkey

	Tail vein 
	Rat, mouse

	Ear vein
	Pig, rabbit

	Wing vein
	Bird


Advantages [21] 
· The quickest onset of action (15–30 sec.) is produced because the drug is quickly disseminated throughout the body and reaches the heart promptly when it is released straight into the vein.
· It is the most effective way to swiftly and precisely administer a dose in a controlled way throughout the body.
· Because of its quick effect and consistent plasma drug concentration, it is the most dependable route for acute conditions, emergency treatment, and intensive care therapy.
· It has 100% bioavailability since it skips the absorption phase and delivers the entire dose to the bloodstream.  
Disadvantages [22] 
· For accurate injection, qualified staff and specialized skills are required.
· This method of administering drugs is the most hazardous since it bypasses the majority of the body's defences, subjecting the important organs to elevated drug concentrations. Overdosing can cause toxicity immediately e.g. Rapid intravenous infusion of calcium can cause hypercalcemia, which is a dangerously high level of calcium in the blood, which can cause lethal arrhythmias or cardiac arrest by overstimulating the heart's muscles [23].  
· It demands that the medicinal preparation be completely pure, soluble, and sterile. Even minute amounts of contamination or undissolved particles might cause allergic reactions, abscesses, or potentially fatal infections.
· It is not appropriate for medicines in suspension, greasy compounds, or insoluble pharmaceuticals. Aqueous solution is required for drugs.
· Air embolism or improper injection technique could endanger the animal's life
5.2 Intraperitoneal route
The intraperitoneal (IP) route, involves injecting a pharmaceutical substance into the peritoneal cavity, and is one of the more often utilized methods in laboratory animal research. This simple method is quick and causes the animals the least amount of stress. It entails keeping the mouse supine with its head angled downward relative to the back of the body and carefully inserting the needle in the lower abdominal quadrant (at an angle of about 10°) to prevent unintentional visceral penetration [24]. This method allows for the safe administration of large amounts of solution (up to 10 mL/kg) to rodents, which may be useful for agents with poor solubility. In continuous research with mice, where repeated IV access is difficult, this method is particularly popular. For biological medicines, IP administration is typically favoured over P.O. in order to avoid the GIT and the possibility of biopharmaceutical degradation or alteration [25].  
The limited usage of this method in clinics (mostly for treating peritoneal tumours) has led to concerns about its use in experimental investigations. In vivo experimental research in rodents may benefit from the IP route of administration due to its effectiveness. 
This method is safe for animals, increases therapeutic bioavailability of both small and big molecules, can be adapted to different formulations, is suited for continuous therapies, and is simple to use [26].
5.3 Intramuscular route
The drug is administered intramuscularly (IM) by injecting it deep between the layers of a big skeletal muscle. Animals receiving IM injections are often administered by hand, if conditions permit, but remote injection (darting) is also an option. When dealing with non-domestic animals, using a pole syringe—a syringe fastened to a long pole—may be appropriate in some situations [27-28]. Although skeletal muscle has more blood vessels, it has a lower density of sensory nerves. When given intramuscularly, lipid-soluble medications are well absorbed and freely diffuse across capillary walls. Low molecular weight polar medications can also be absorbed quickly, whereas large molecular weight medicines are taken more slowly, through the lymphatics [29].  
	5.4 Subcutaneous route
In subcutaneous (SC) administration, the medicine preparation is applied directly beneath the skin in the loose SC tissue. The drug is transported by the bloodstream after leaving the SC tissue and entering capillaries. Since big protein drugs, like insulin, are difficult to enter capillaries, they typically enter the bloodstream through lymphatic arteries. The SC tissue is less vascularized yet has a substantial nerve supply. When gradual and constant absorption is needed, the SC route is therefore more beneficial. It's utilized to provide drugs with a systemic impact. Administration of protein medications, depot preparations, and sustained release medicines is frequently done via the SC route [30]. 
5.5 Intrathecal route
Intrathecal or I.T. or IT or intraspinal/subarachnoid administration involves depositing the drug directly into the subarachnoid space. The injection is performed by passing a needle through the interspinous spaces of the vertebrae into the cerebrospinal fluid, most often in the lumbar region. A small dose of local anaesthetic is usually applied to numb the site beforehand. This technique is widely used in humans to achieve spinal anaesthesia or to deliver drugs for rapid and localized action on the brain, spinal cord, and meninges. Agents such as local anaesthetics (e.g., bupivacaine), analgesics (e.g., morphine), and chemotherapeutics (e.g., methotrexate) may be administered this way [31]. However, it is seldom practiced in veterinary medicine due to the closer spacing of vertebrae, which complicates needle insertion, and the difficulty in restraining animals for the procedure. Advantages include rapid and targeted action with smaller doses, but risks involve infection, bleeding, or nerve damage if not done properly [32]. 
5.6 Intra-arterial route
In intra-arterial administration, the drug is delivered directly into an artery, resulting in a brief but very high concentration of the drug in the targeted area. It was first used for the treatment of brain tumours in the 1950s [33]. This method is occasionally employed in cancer chemotherapy and in certain radiographic or imaging procedures. It may also be used to administer vasodilators for vasospasm or thrombolytic agents for embolism. It minimizes systemic drug exposure and toxicity. However, arterial injections carry risks, such as weakening of the arterial wall (pseudoaneurysm) or fungal infection of the wall (mycotic aneurysm), both of which can potentially lead to fatal arterial haemorrhage [34]. 
5.7 Epidural route
In epidural administration, the drug is introduced through a vertebral interspace into the epidural space. Since the needle does not pass through the meninges, the risk of direct spinal cord injury is reduced. In large animals such as cattle and horses, the preferred site for injection is between the first and second coccygeal vertebrae. This technique is widely used in veterinary practice to induce epidural anaesthesia [35]. 
5.8 Intramedullary route
In intramedullary administration, the drug is delivered directly into the bone marrow. The needle is inserted through the bone and into the soft marrow cavity. This route is commonly employed for fluid therapy or blood transfusion in neonates, infants, small animals and birds where veins are too small or collapsed [36]. 
5.9 Intradermal route
In intradermal administration, the drug is injected into the dermal layer of the skin. This route produces a localized effect and is primarily used for assessing drug hypersensitivity or for inducing infiltration anaesthesia. It is also applied in skin allergy testing and in the Mantoux test for tuberculosis, and occasionally for administering certain vaccines like BCG, rabies, small pox and influenza vaccines [37].  
	5.10 Intra-articular route
In intra-articular administration, the drug is injected aseptically into the synovial space of a joint using a needle. It is used to achieve high local concentrations of drugs in an inflamed or diseased joint. This method is commonly used in arthritis management (corticosteroids), joint pain relief (local anaesthetics) and visco-supplementation (hyaluronic acid). It is used in veterinary medicine for treating joint inflammation or lameness in horses, cattle and companion animals. However, it requires strict aseptic precautions to prevent joint infection [38].  
5.11 Intracardiac route
In intracardiac administration, the drug is injected directly into the heart muscle. This route is rarely employed and is reserved for emergency situations such as cardiac arrest. During cardiopulmonary resuscitation, epinephrine may occasionally be given by this method. However, the route is rarely used due to its invasiveness and carries risks of cardiac tamponade, myocardial damage, arrhythmias and infection. Now-a-days, it is replaced by IV and intraosseous routes [39]. 	
	5.12 Intratracheal route
In intratracheal administration, the drug is delivered between the tracheal rings, usually at the mid-cervical region. This route is mainly employed for managing respiratory tract infections like broncho-pneumonia, tracheitis, bronchitis and others [40]. 
5.13  Intracerebral Route
In intracerebral administration, the drug is delivered directly into the brain tissue. This route is primarily applied in human medicine for treating brain tumours and is also commonly used in experimental studies to evaluate the effects of drugs on the brain. In veterinary practice, this method is mostly limited to laboratory animals for neuroscience and pharmacological research [41]. 
5.14  Intraruminal route
In this, the drugs are administered directly into the rumen using a stomach tube, trocar or rumen puncture device. It is used to treat ruminal disorders like rumen acidosis, rumen alkalosis and bloat. It is also used in rumen microbial modulation (probiotics, enzymes, antibiotics). This method is frequently used in case of large ruminants in field conditions [42].  
	5.15 Intrapulmonary route
In this, the drugs are administered directly into the lungs for local or systemic effect through inhalation (aerosols, nebulizers, metered-dose inhalers). It is commonly used to treat asthma, chronic obstructive pulmonary disease (COPD), pulmonary tuberculosis and also in pneumonia. In veterinary science, this method is used in treatment of respiratory infections in calves, foals, and small animals. Also used as nebulization therapy for horses with equine asthma [43]. 
	5.16 Intravesical route
In this method, drug is directly administered into the urinary bladder using a sterile catheter. This method is used in bladder diseases like bladder cancer, interstitial cystitis and urinary tract infections. It is rarely used in animals, but experimental and therapeutic use has been reported in canine bladder tumours and cystitis [44]. 
5.17  Intra-cavernosal route
Here, the drug is administered directly into the corpus cavernosum at the base of the penis. It is primarily used in the treatment of erectile dysfunction (alprostadil, papaverine, phentolamine). It is rarely used in veterinary practice, but sometimes applied in research on reproductive physiology or experimental treatments [45]. 
5.18  Intra-vitreal route
Drug is administered directly into the vitreous humor of eye. It is mainly used in the treatment of retinal and choroidal disorders such as age-related macular degeneration, diabetic retinopathy, retinal vein occlusion and endophthalmitis [46].  
6. TOPICAL/LOCAL ADMINISTRATION
Topical administration is the process of applying drugs to bodily surfaces such as the skin and mucous membranes. When a medicine is administered this way, it typically has a localized effect on the area of the body it is given to. However, certain medications that are given topically have systemic effects or are absorbed from the application site [47].
6.1 Skin
Several drugs are administered externally to the skin to induce a range of pharmacological effects deep within the skin. The application method may be referred to as percutaneous (through the skin) or epicutaneous (outside the skin), depending on the site of drug action and penetration. The main goal of the epicutaneous application is to produce a localized effect by delivering active principles solely to the application location. Drugs are specifically made to pass through unbroken skin in the percutaneous application (also known as the transcutaneous or transdermal route) in order to generate systemic effects [48]. 
Drugs administered epicutaneously to animals may also have systemic effects if the animals swallow the medication or absorb it via their injured or irritated skin. Since the epidermis frequently acts as a lipid barrier, a drug's absorption via the skin usually corresponds to its lipid solubility. In addition to treating superficial skin conditions like psoriasis, eczema, dermal infections, itching, and photosensitization, the epicutaneous method is frequently used to eliminate ectoparasites. Drug preparations for skin application include creams, lotions, liniments, ointments, solutions, gels, and powders. There are various methods for applying medications to the skin; the choice of method relies on a number of considerations, including the drug's type and formulation, the animal's size and species, the type of action needed, and the cost [49-50].  
	6.2 Mucous Membranes
Drugs are frequently applied topically to mucous membranes to produce localized effect. Here, the drug is mostly not absorbed at the application site. Recently, some medication compositions have even been created that have a systemic effect through mucous membranes (known as transmucosal route). Since the stratum corneum epidermidis, the main barrier to transdermal absorption, is not present in mucosal surfaces, drug absorption is typically more effective than through skin. Additionally, mucosal surfaces have a high blood supply and are typically immune to first-pass hepatic metabolic degradation. A number of variables, including drug concentration, molecule size, lipid solubility, formulation type, mucosal contact time, absorption site pH, and venous drainage of mucosal tissues, affect how much of a drug is absorbed through mucous membranes [51]. 
7. CONCLUSION
In Veterinary science, no single best route of drug administration. Each route is having some advantages and disadvantages. The selection of an appropriate route is necessary to get desired therapeutic efficacy and minimize stress to the animals. The choice depends on various factors. This review gives a comprehensive understanding about each route required for veterinary professionals. 
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