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1.ABSTRACT 

Local anaesthetics are drugs that produce reversible loss of sensation in a localized area 

without causing loss of consciousness. Lidocaine hydrochloride is one of the most widely 

used amide-type local anaesthetics because of its rapid onset, effective anaesthetic action, and 

good safety profile. The present work focuses on the study of lidocaine hydrochloride 

injection including its mechanism of action, pharmacokinetics, adverse effects, 

preformulation studies, formulation, manufacturing process, evaluation parameters, 

packaging, storage, and regulatory requirements. Preformulation studies such as organoleptic 

evaluation, solubility, melting point, partition coefficient, pKa, pH, hygroscopicity, FTIR 

analysis, and stability studies were carried out to determine the physicochemical 

characteristics of the drug. The study concludes that lidocaine hydrochloride injection is a 

stable, safe, and effective sterile parenteral preparation suitable for local anaesthetic 

applications. 

 

2.KEYWORDS: Lidocaine Hydrochloride, Local Anaesthetic, Sterile Injection, 

Preformulation Studies, FTIR. 

 

3.INTRODUCTION 

Local anaesthetics (LAs) are drugs which upon topical application or local injection cause 

reversible loss of sensory perception, especially of pain, in a restricted area of the body. They 

block generation and conduction of nerve impulse at all parts of the neurone where they come 

in contact, without causing any structural damage. Thus, not only sensory but also motor 
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impulses are interrupted when a LA is applied to a mixed nerve, resulting in muscular 

paralysis and loss of autonomic control as well. 

 

 

Fig.1: Local Anaesthetic Drug. 

 

CLASSIFICATION OF LOCAL ANAESTHETIC DRUG 

 

Fig.2: Classification of Local Anaesthetic Drug. 

 

MECHANISM OF ACTION 

The LAs block nerve conduction by decreasing the entry of Na+ ions during upstroke of 

action potential (AP). As the concentration of the LA is increased, the rate of rise of AP and 

maximum depolarization decreases (Figure: 2) causing slowing of conduction. Finally, local 

depolarization fails to reach the threshold potential and conduction block ensues. 
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Figure 3: effect of progressively increasing concentration. 

 

(b, c, d) of a local anaesthetic on the generation of an action potential in a nerve fibre, 

(a)untreated nerve fibre. 

The LAs interact with a receptor situated within the voltage sensitive Na+ channel and raise 

the threshold of channel opening: Na+ permeability fails to increase in response to an 

impulse or stimulus. Impulse conduction is interrupted when the Na+ channels over a critical 

length of the fibre (2–3 nodes of Ranvier in case of myelinatedfibres) are blocked. The details 

are explained in (Figure.3). At physiological pH, the LA molecule is partly ionized. The 

equilibrium between the unionized base form (B) and the ionized cationic form (BH+) 

depends on the pKa of the LA. 

The predominant active species (cationic form of LA) is able to approach its receptor only 

when the channel is open at the inner face and it binds more avidly to the inactive state of the 

channel, prolonging the inactive state. The channel takes longer to recover → refractory 

period of the fibre is increased. A resting nerve is rather resistant to blockade, and blockade 

develops rapidly when the nerve is stimulated repeatedly. Degree of blockade is frequency 

dependent: greater blockade at higher frequency of stimulation. Moreover, exposure to higher 

concentration of Ca2+ reduces inactivation of Na+ channels and lessens the degree of block. 

Blockade of conduction by LA is not due to hyperpolarization; in fact, resting membrane 

potential is unaltered because K+ channels are blocked only at higher concentrations of LA. 

The onset time of blockade is related primarily to the pKa of the LA. Those with lower pKa 

(7.6–7.8), e.g. lidocaine, mepivacaine are fast acting, because 30–40% LA is in the 
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undissociated base form at pH 7.4 and it is this form which penetrates the axon. Procaine, 

tetracaine, bupivacaine have higher pKa (8.1–8.9), only 15% or less is unionized at pH 7.4; 

these are slow acting. Chloroprocaine is an exception, having rapid onset despite high pKa 

(9.1). 

 

PHARMACOKINETICS 

Soluble surface anaesthetics (lidocaine, tetracaine) are rapidly absorbed from mucous 

membranes and abraded areas, but absorption from intact skin is poor. Procaine does not 

significantly penetrate mucous membranes. Rate of absorption depends on the blood flow to 

the area of application or injection. The absorbed LA being lipophilic is widely distributed; 

rapidly enters highly perfused brain, heart, liver, and kidney, followed by muscle and other 

viscera. 

Procaine is negligibly bound to plasma proteins, but amide LAs are bound to plasma α1 acid 

glycoprotein. LAs are rapidly but temporarily bound to tissues, especially nerves, at the site 

of injection. Ester-linked LAs (procaine, etc.) are rapidly hydrolysed by plasma 

pseudocholinesterase and the remaining by esterases in the liver. Amide-linked LAs 

(lidocaine, etc.) are degraded only in the liver microsomes by dealkylation and hydrolysis. 

Metabolism of lidocaine is hepatic blood flow dependent. The maximal safe dose of LAs is 

lower in patients with hepatic disease and in the elderly who have decreased liver function. 

After oral ingestion both procaine and lidocaine have high first pass metabolism in the liver. 

Thus, they are not active orally for antiarrhythmic purposes. 

 

ADVERSE EFFECT 

a) Systemic toxicity on rapid i.v. injection is related to the intrinsic anaesthetic potency of the 

LA. However, toxicity after topical application or regional injection is influenced by relative 

rates of absorption and metabolism, those rapidly absorbed but slowly metabolized are more 

toxic. 

b) CNS effects are lightheadedness, dizziness, auditory and visual disturbances, mental 

confusion, disorientation, shivering, twitchings, involuntary movements, finally convulsions 

and respiratory arrest. This can be prevented and treated by diazepam. 

c) Cardiovascular toxicity of LAs is manifested as bradycardia, hypotension, cardiac 

arrhythmias and vascular collapse. 

d) Injection of LAs may be painful, but local tissue toxicity of LAs is low. However, wound 

healing may be sometimes delayed. Addition of vasoconstrictors enhances the local tissue 
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damage; rarely necrosis results. Vasoconstrictors should not be added for ring block of hands, 

feet, fingers, toes, penis and in pinna. Bupivacaine has the highest local tissue irritancy. 

e) Hypersensitivity reactions like rashes, angioedema, dermatitis, contact sensitization, 

asthma and rarely anaphylaxis occur. These are more common with ester linked LAs, but rare 

with lidocaine or its congeners. Cross reactivity is frequent among ester compounds, but not 

with amide linked LAs. 

 

PRECAUTIONS AND INTERACTIONS 

a) Before injecting the LA, aspirate lightly to avoid intravascular injection. 

b) Inject the LA slowly and take care not to exceed the maximum safe dose, especially in 

children. 

c) Propranolol (probably other β blockers also) may reduce metabolism of lidocaine and 

other amide LAs by reducing hepatic blood flow. 

d) Vasoconstrictor (adrenaline) containing LA should be avoided for patients with ischaemic 

heart disease, cardiac arrhythmia, thyrotoxicosis, uncontrolled hypertension, antidepressants 

(uptake blockade of Adr). 

 

INJECTABLE ANAESTHETICS 

LIDOCAINE HYDROCHLORIDE  

Introduced in 1948, it is currently the most widely used LA. It is a versatile LA, good both 

for surface application as well as injection and is available in a variety of forms. Injected 

around a nerve it blocks conduction within 3 min, whereas procaine may take 15 min; also, 

anaesthesia is more intense and longer lasting. Vasodilatation occurs in the injected area. It is 

used for surface application, infiltration, nerve block, epidural, spinal and intravenous 

regional block anaesthesia. Cross sensitivity with ester LAs is not seen. In contrast to other 

LAs, early central effects of lidocaine are drowsiness, mental clouding, altered taste and 

tinnitus. Overdose causes muscle twitching, convulsions, cardiac arrhythmias, fall in BP, 

coma and respiratory arrest like other LAs. Lidocaine is a popular antiarrhythmic. 

 XYLOCAINE, GESICAIN 4% topical solution, 2% jelly, 2% viscous, 5% ointment, 1% and 

2% injection (with or without adrenaline), 5% heavy (for spinal anaesthesia); 100 mg/ml 

spray (10 mg per actuation). 
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DRUG PROFILE 

 

Fig.4: Chemical structure of Lidocaine. 

 

Generic Name: Lidocaine Hydrochloride 

Chemical Name: 2-(diethylamino)-N-(2,6-dimethylphenyl) acetamide hydrochloride 

Drug Class: Local Anaesthetic (Amide-type); Antiarrhythmic (Class Ib) 

Formulation: Clear, colorless sterile solution for injection. 

 

MECHANISM OF ACTION 

Lidocaine is an amide-type local anaesthetic that produces reversible local anaesthesia by 

blocking voltage-gated sodium (Na⁺) channels in nerve membranes. 

1. Target: Voltage-Gated Sodium Channels 

Lidocaine acts on voltage-gated sodium channels (Nav channels) located on the neuronal cell 

membrane of peripheral nerves. 

2. Diffusion and Ionization 

• Lidocaine is a weak base (pKa ≈ 7.9). 

• The un-ionized (lipid-soluble) form diffuses across the nerve membrane. 

• Inside the axoplasm, it becomes ionized and binds to the sodium channel. 

3. Channel Blockade 

• Lidocaine binds to the intracellular portion of the sodium channel. 

• It preferentially binds to the open and inactivated states of the channel (use-dependent or 

state-dependent block). 

• This stabilizes the channel in the inactivated state and prevents its return to the resting 

state. 

4. Functional Effects 

• Inhibition of sodium ion influx during depolarization 

• Decreased rate of rise (Phase 0) of the action potential 

• Increased threshold for excitation 

• Failure of action potential propagation 

5. Clinical Result 

http://www.ijarp.com/
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This results in reversible blockade of nerve impulse conduction, producing localized loss of 

sensation without loss of consciousness. 

Small, rapidly firing pain fibers (C fibers and Aδ fibers) are blocked before larger motor 

fibers. 

 

 

Fig.5: Mechanism of action of local Anaesthesia. 

 

PREFORMULATION STUDIES OF LIDOCAINE HYDROCLORIDE INJECTION 

It is defined as the phase of research and development in which preformulation studies 

characterize physical and chemical properties of a drug molecule in order to develop safe, 

effective and stable dosage form. 

In pre-formulation studies, physicochemical properties of drug molecules are characterized 

either alone or in combination with excipients. 

 

CLASSIFICATION OF PRE-FORMULATION STUDIES OF LIDOCAINE 

1) PHYSICOCHEMICAL PROPERTIES   

a) Organoleptic Properties 

b) Solubility 

c) Melting Point  

d) Partition Coefficient (log P) 

e) pka 

http://www.ijarp.com/
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f) pH 

g) hygroscopicity 

2) COMPATIBILITY STUDIES 

a) FTIR 

3) STABILITY STUDIES 

 

1)PHYSICOCHEMICAL PROPERTIES   

 a) Organoleptic Properties 

Evaluate the organoleptic properties of lidocaine hydrochloride such as appearance, colour, 

odour, and taste. 

 

Table 1: organoleptic properties and observation of lidocaine.  

Parameter Observation 

Appearance Crystalline powder 

Colour White or almost white 

Odour Odourless 

Taste Slightly bitter 

 

b) Solubility  

To determine the solubility of lidocaine hydrochloride in different solvents. 

Procedure: 

• Take clean and dry test tubes. 

• Add a small quantity (about 100 mg) of lidocaine hydrochloride into separate test tubes. 

• Add 5 mL of different solvents such as water and alcohol into each test tube. 

• Shake the test tubes thoroughly at room temperature. 

• Observe the dissolution of the drug in each solvent and record the results. 

 

Result: Lidocaine hydrochloride was found to be freely soluble in water and alcohol. 

 

c) Melting Point 

Determine the melting point of lidocaine hydrochloride. 

Procedure: 

• Dry the lidocaine hydrochloride sample properly. 

• Fill a small quantity of powdered sample into a capillary tube sealed at one end. 

• Place the capillary tube in a melting point apparatus. 

http://www.ijarp.com/
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• Heat the apparatus gradually and observe the temperature at which the sample starts 

melting and completely melts. 

• Record the melting point range. 

 

Result: The melting point of lidocaine hydrochloride was found to be in the range of 74–

79°C. 

 

d) Partition Coefficient 

Determine the partition coefficient (Log P) of lidocaine hydrochloride using the octanol-

water system. 

Procedure:   

• Prepare equal volumes of n-octanol and distilled water in a separating funnel. 

• Add a known quantity of lidocaine hydrochloride to the mixture. 

• Shake the separating funnel thoroughly for about 15–20 minutes to allow proper 

distribution of the drug between the two phases. 

• Allow the mixture to stand until two clear layers are formed. 

• Separate the aqueous and octanol layers carefully. 

• Determine the concentration of drug in each phase using UV spectrophotometry. 

• Calculate the partition coefficient using the formula:  

 

P= 

     Concentration of drug in aqueous phase 

     Concentration of drug in octanol phase 

 

Express the result as Log P. 

 

Result 

The partition coefficient (Log P) of lidocaine hydrochloride was found to be approximately 

3.3, indicating moderate lipophilicity. 

 

e) Ionization Constant (pKa) 

Determine the pKa value of lidocaine hydrochloride using potentiometric titration method. 

Procedure:  

• Prepare a standard solution of lidocaine hydrochloride in distilled water. 

• Calibrate the pH meter using standard buffer solutions (pH 4.0, 7.0, and 9.0). 

http://www.ijarp.com/
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• Place the drug solution in a beaker and stir continuously using a magnetic stirrer. 

• Titrate the solution gradually with standard acid (HCl) or base (NaOH), depending on the 

method used. 

• Record the pH after each addition of titrant. 

• Plot a graph of pH vs volume of titrant added. 

• Determine the pKa value at the point where half-neutralization occurs (pH = pKa). 

 

Result:  

The pKa value of lidocaine hydrochloride was found to be approximately 7.9. 

f) pH 

Determine the pH of lidocaine hydrochloride solution, 

 

Procedure:  

• Prepare a solution of lidocaine hydrochloride in distilled water (or use the prepared 

injection sample). 

• Calibrate the digital pH meter using standard buffer solutions (pH 4.0 and 7.0). 

• Rinse the pH electrode with distilled water and blot dry using filter paper. 

• Immerse the electrode into the drug solution. 

• Stir gently and allow the reading to stabilize. 

• Record the pH value. 

 

Result: 

The pH of lidocaine hydrochloride solution was found to be in the range of 5.0 to 7.0. 

 

g) Hygroscopicity 

Determine the hygroscopic nature (moisture absorption tendency) of lidocaine hydrochloride. 

Procedure:  

• Accurately weigh a clean, dry watch glass. 

• Add a known quantity of lidocaine hydrochloride and record the initial weight. 

• Place the sample in a desiccator at controlled humidity (or in a humidity chamber, if 

available). 

• Expose the sample for 24–48 hours. 

• Remove the sample and reweigh it. 

• Calculate any change in weight due to moisture uptake. 
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Result:  

Lidocaine hydrochloride was found to be slightly hygroscopic, showing minimal moisture 

absorption on exposure to humidity. 

 

2) COMPATIBILITY STUDIES 

a) Fourier Transform Infrared Spectroscopy (FTIR) 

To identify functional groups present in lidocaine hydrochloride using FTIR (Fourier 

Transform Infrared Spectroscopy). 

FTIR spectroscopy is used to detect characteristic absorption bands of different functional 

groups based on molecular vibrations (stretching and bending). Each drug has a unique IR 

“fingerprint”. 

Procedure: 

• A small quantity of lidocaine hydrochloride is taken as a dry sample. 

• The sample is mixed with dry potassium bromide (KBr) powder. 

• The mixture is pressed into a thin pellet using a hydraulic press. 

• The pellet is placed in the FTIR spectrophotometer. 

• The spectrum is recorded in the range of 4000–400 cm⁻¹. 

• Peaks are analyzed to identify functional groups. 

 

Table 2: Wavenumbers with respect to different functional groups in lidocaine. 

Wavenumber (cm⁻¹) Functional Group Interpretation 

3200–3500 cm⁻¹ N–H stretching Amide/amine group 

2950–2850 cm⁻¹ C–H stretching Aliphatic chains 

1650–1680 cm⁻¹ C=O stretching Amide carbonyl 

1500–1600 cm⁻¹ N–H bending / aromatic C=C Aromatic ring 

1000–1300 cm⁻¹ C–N stretching Amine group 

 

 

Fig 6: FTIR of lidocaine. 
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Result 

The FTIR spectrum of lidocaine hydrochloride confirmed the presence of amide, amine, 

aromatic ring, and aliphatic functional groups, matching the expected structure. 

 

4)STABILITY STUDIES 

Table 3: Stability studies of lidocaine. 

CONDITIONS STABILITY 

Hydrolytic Stability Stable in acidic, basic, and neutral conditions. 

Oxidative Stability No significant degradation with oxidizing agents. 

Thermal Stability Stable at elevated temperatures. 

Photostability Stable under light and UV exposure. 

Humidity Stability Stable under humid conditions. 

pH Stability Stable over a wide pH range. 

Solid-State Stability Stable during long-term storage. 

 

MODULE III 

FORMULATION OF INJECTION  

Lidocaine hydrochloride injection is a sterile, aqueous parenteral formulation used for local 

anesthesia. It is designed to provide rapid onset of action with adequate stability, safety, and 

compatibility for parenteral administration. The formulation typically contains lidocaine 

hydrochloride dissolved in water for injection with appropriate excipients to maintain 

isotonicity and pH. The solution is required to be sterile, pyrogen-free, and free from 

particulate matter to ensure safe injection. 

 

DOSAGE FORMS OF LIDOCAINE AVAILABLE  

1. Injectable Form 

Lidocaine Hydrochloride Injection (1% and 2%) 

Used for local infiltration, nerve block, epidural anesthesia 

Sterile, aqueous solution 

2. Topical Forms 

Cream (2.5%, 5%) 

Ointment 

Gel (2%, 4%) 

Used for surface anesthesia of skin and mucous membranes 

3. Transdermal Form 

Lidocaine Patch (5%) 

Used for post-herpetic neuralgia and localized pain relief 

http://www.ijarp.com/
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4. Oral Mucosal Forms 

 Viscous solution (2%) 

Used for mouth ulcers, sore throat, dental procedures 

5. Spray Form 

Topical spray (10%) 

Used in minor surgical and diagnostic procedures 

6. Dental Preparations 

Lidocaine with epinephrine injections (commonly used in dentistry for prolonged 

anaesthesia) 

 

FORMULATION OF LIDOCAINE HCL 

1.COMPOSITION 

Table 4: ingredients used and their function of Lidocaine. 

INGREDIENT  QUANTITY FUNCTION  

Lidocaine Hydrochloride 1% or 2% w/v Active drug 

Sodium Chloride 0.9% or q.s. Isotonicity agent 

Sodium Hydroxide / Hydrochloric Acid q.s. pH adjustment 

Water for Injection Up to volume Vehicle 

 

2.EQUIPMENT REQUIRED 

Table 5: Equipment required.  

S.No Equipment  Purpose/ Use  

1 Precision Weighing Balance  To accurately weigh lidocaine and other 

ingredients. 

2 Stainless Steel Mixing Vessel To dissolve the drug and mix all ingredients 

uniformly. 

3 Magnetic Stirrer / Mechanical 

Stirrer 

To stir and ensure complete mixing of the solution. 

4 Ph Meter To check and adjust the pH of the SOLUTION to 

the required range (5.0-7.0). 

5 Filtration Assembly With 

0.22µm Filter 

To sterilize the solution by removing bacteria and 

particulates. 

6 Laminar Air Flow Cabinet To provide a sterile environment for aseptic filling. 

7 Sterile Filling Machine  To accurately fill the sterile solution into vials or 

ampoules. 

8 Sealing Filling Machine / 

Ampoule Sealer 

To properly seal the vials or ampoules after filling. 

9 Autoclave (If Terminal 

Sterilization Is Used) 

To sterilize filled containers by moist heat (121°C, 

15-20 min). 

10 Visual Inspection Station To inspect vials for clarity, color and any 

particulate matter. 

11 Labelling Machine  To apply labels on the final product containers. 
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12 Packing Equipment  To pack the labeled vials/ampoules in boxes for 

storage or transport. 

 

3.MANUFACTURING STEP 

Step 1: Raw Material Selection and Weighing 

Accurately weigh lidocaine hydrochloride and excipients (sodium chloride, pH adjusters). 

Use a calibrated analytical balance. 

 

 

Fig.7: Analytical Balance. 

 

Step 2: Preparation of Vehicle 

Take required quantity of Water for Injection (WFI) in a sterile stainless-steel vessel. 

 

 

Fig.8: Sterile Stainless-Steel Vessel. 

 

Step 3: Dissolution 

Add lidocaine hydrochloride into WFI with continuous stirring. 

http://www.ijarp.com/


 

                                                                   International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                       

15 

 

Ensure complete dissolution to form a clear solution. 

Step 4: Addition of Excipients 

Add sodium chloride for isotonicity. 

Adjust pH to 5.0–7.0 using dilute NaOH or HCl. 

Step 5: Filtration 

Pass solution through pre-filter to remove coarse particles. 

Perform sterile filtration using 0.22 µm membrane filter to ensure sterility. 

 

 

Fig.9: Membrane Filter. 

 

Step 6: Aseptic Filling 

Fill the filtered solution into sterile ampoules or vials using aseptic filling machine. 

Maintain laminar airflow conditions (Grade A environment). 

 

Fig.10: Aseptic Filling Machine. 
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Step 7: Sealing 

Seal ampoules by flame sealing or crimp vials with rubber stoppers and aluminium caps. 

Step 8: Sterilization 

If terminal sterilization is applicable, autoclave at 121°C for 15–20 minutes. 

 

 

Fig.11:  Autoclave. 

 

Step 9: Inspection 

Check for: 

• Clarity 

• Particulate matter 

• Leakage 

• Fill volume accuracy 

 

Step 10: Labeling and Packaging 

Label with drug name, strength, batch number, and storage conditions. 

Pack under controlled environmental conditions. 

 

EVALUATION OF LIDOCAINE HYDROCHLORIDE INJECTION 

The evaluation of Lidocaine Hydrochloride Injection is carried out to ensure sterility, safety, 

potency, and pharmaceutical quality of the sterile injectable product before it is released for 

clinical use. 
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1. Appearance (Clarity Test) 

Principle 

Based on visual inspection to detect any visible particulate matter or turbidity in the solution. 

Injectable preparations must be free from contaminants that may cause embolism or irritation. 

Procedure 

• Place the sample container against black and white background under adequate 

illumination. 

• Rotate gently and observe for: 

• Cloudiness 

• Visible particles 

• Precipitation 

 

Report 

The solution should be clear, transparent, and free from visible particles. 

Any turbidity or particulate matter → product rejected. 

 

2. pH Test 

Principle 

Based on measurement of hydrogen ion concentration using a glass electrode pH meter. 

pH affects drug stability, solubility, and tissue compatibility. 

Procedure 

• Calibrate pH meter using standard buffer solutions (pH 4, 7, 9). 

• Immerse electrode in sample solution.                                                          

• Record stable pH reading. 

 

 

Fig.12: pH meter. 
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Report 

Acceptable pH range: 5.0 – 7.0. 

Out-of-range pH may cause: 

Drug degradation 

Injection site irritation 

 

3. Particulate Matter Test 

Principle 

Detects sub-visible particles using light scattering or microscopic counting. 

Ensures safety by preventing capillary blockage and embolism. 

 

Procedure 

• Use light obscuration particle counter OR membrane filtration method. 

• Count particles ≥10 µm and ≥25 µm per container. 

 

 

Fig.13: Light Obscuration Particle Counter. 

 

Report 

Must comply with pharmacopoeial limits (USP/IP). 

Excess particles → batch rejection. 

 

4. Assay (Drug Content Determination) 

Principle 

Quantification of Lidocaine Hydrochloride based on chromatographic separation (HPLC) or         

UV absorbance. 

Procedure 
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Prepare: 

• Standard solution of known concentration 

• Sample solution of injection 

• Inject into HPLC system. 

• Compare peak area of sample vs standard. 

 

Report 

Drug content must be within 95% – 105% of label claim. 

Low content → underdosing risk 

High content → toxicity risk 

 

5. Sterility Test 

Principle 

Detects presence of viable microorganisms in sterile preparations. 

Procedure 

• Two methods: 

o Membrane filtration method (preferred for solutions) 

o Direct inoculation method 

• Incubate in: 

o Fluid Thioglycollate Medium (30–35°C) 

o Soybean Casein Digest Medium (20–25°C) 

• Observe for microbial growth for 14 days. 

 

Report 

No growth observed = Sterile product 

Any microbial growth → failed sterility test 

 

6. Pyrogen / Endotoxin Test 

Principle 

 Detects bacterial endotoxins (lipopolysaccharides) that cause fever reactions. 

Based on clotting reaction of Limulus Amebocyte Lysate (LAL). 

 

Procedure 

• Mix sample with LAL reagent. 

• Observe: 
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• Gel formation (gel-clot method) OR 

• Turbidity change (turbidimetric method) 

 

Report 

Product must be pyrogen-free or within permissible endotoxin limit. 

Positive test → unsafe for injection. 

 

7. Stability Testing 

Principle 

Determines chemical and physical stability of drug under different environmental conditions. 

Procedure 

• Store samples under: 

o Accelerated conditions: 40°C ± 2°C / 75% RH 

o Long-term conditions: 25°C ± 2°C / 60% RH 

• Evaluate at regular intervals for: 

o pH change 

o Drug degradation 

o Color change 

o Precipitation 

 

Report 

Product should remain stable throughout shelf life. 

No significant degradation indicates good stability profile. 

 

8. Leakage Test (Container Closure Integrity Test) 

Principle 

Ensures airtight sealing of ampoules/vials to prevent contamination. 

 

Procedure 

• Methods used: 

o Dye ingress test (methylene blue solution) 

o Vacuum decay test 

• Containers are immersed and checked for dye entry or pressure loss. 
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Report 

No dye entry or leakage → container is intact and sterile 

Leakage → packaging failure 

 

9. Uniformity of Dosage 

Principle 

Ensures consistent drug content in each unit dose. 

Procedure 

• Randomly select sample units. 

• Analyze each unit using HPLC or UV method. 

• Compare individual content with label claim. 

 

Report 

Each unit must comply with pharmacopoeial limits. 

Variations beyond limits → batch rejection 

 

PACKAGING OF LIDOCAINE HYDROCHLORIDE INJECTION 

Table 6: Types of Packaging.  

TYPE DETAIL FUNCTION 

Primary Glass vials/ampoules with rubber 

stopper 

Direct frug contact, maintains 

sterility 

Secondary Cardboard box Protection and labelling 

Tertiary  Corrugated box Bulk transport and safety 

 

STORAGE OF LIDOCAINE HYDROCHLORIDE INJECTION  

• Store at a cool and dry place. 

• Maintain temperature below 25°C. 

• Do not freeze the injection. 

• Protect from direct sunlight and light exposure. 

• Keep in original packaging until use. 

• Use light-resistant cartons for protection. 

• Store in a moisture-free environment. 

• Ensure container is tightly sealed and intact. 

• Do not use if solution is cloudy or contains particles. 

• Store away from heat sources and contamination areas. 
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LABELLING REQUIREMENT OF LIDOCAINE HYDROCHLORIDE INJECTION 

• Name of the drug: Lidocaine Hydrochloride Injection (generic name must be clearly 

printed). 

• Strength/Concentration: Clearly mentioned (e.g., 1% or 2% w/v). 

• Dosage form: Injection (sterile parenteral preparation). 

• Route of administration: IV / IM / local infiltration (as applicable). 

• Batch number: For traceability of the product. 

• Manufacturing date (Mfg. Date): Date of production. 

• Expiry date (Exp. Date): Shelf-life indication. 

• Storage conditions: e.g., “Store below 25°C, protect from light, do not freeze.” 

• Net content: Volume per vial/ampoule (e.g., 5 mL, 10 mL). 

• Manufacturer details: Name and address of the pharmaceutical company. 

• License number: Drug manufacturing license details as per regulatory authority. 

• Sterility statement: “Sterile preparation” must be clearly mentioned. 

• Prescription statement: “Rx only” or “To be sold by retail on prescription of a registered 

medical practitioner only.” 

• Warnings: e.g., “For single use only” / “Discard unused portion.” 

• Special precautions: If applicable (e.g., avoid intravenous rapid injection unless 

indicated). 

 

 

Fig.14: Label ForLidocaine HCL Injection. 
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REGULATORY REQUIREMENTS OF LIDOCAINE HYDROCHLORIDE 

INJECTION 

INTRODUCTION 

The regulatory requirements for Lidocaine Hydrochloride Injection are established to ensure 

that the product is safe, effective, sterile, and of consistent pharmaceutical quality. Since it is 

a sterile parenteral formulation, it is strictly controlled by regulatory authorities such as the 

Central Drugs Standard Control Organization (CDSCO), U.S. Food and Drug Administration 

(FDA), and European Medicines Agency (EMA), while global harmonization of standards is 

guided by the International Council for Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use (ICH) along with WHO guidelines. These authorities ensure 

that every stage of development, manufacturing, testing, packaging, storage, and distribution 

follows scientifically validated and legally acceptable standards. 

 

Manufacturing and Good Manufacturing Practices (GMP) 

The manufacturing of Lidocaine Hydrochloride Injection must strictly follow Good 

Manufacturing Practices (GMP), which ensure consistent quality and contamination-free 

production. The facility must maintain classified cleanroom environments, typically Grade A 

and B areas for aseptic processing, with controlled air quality, pressure differentials, 

temperature, and humidity. Personnel working in sterile areas must follow strict gowning 

procedures and aseptic behaviour to avoid microbial contamination. Depending on the 

formulation design, the product may be sterilized using terminal sterilization methods or 

aseptic processing, and both processes must be fully validated to demonstrate sterility 

assurance. 

 

Raw Materials and Formulation Requirements 

The active pharmaceutical ingredient, lidocaine hydrochloride, must comply with 

pharmacopoeial standards such as IP, USP, or BP, ensuring defined purity and controlled 

impurity levels. Regulatory authorities require complete documentation of raw materials, 

including certificates of analysis, impurity profiles, and compliance with ICH guidelines for 

impurities and residual solvents. The formulation must be designed to maintain stability and 

compatibility, with controlled pH, appropriate isotonicity, and suitable excipients that do not 

compromise safety or efficacy. Water for Injection (WFI) must be used as the solvent and 

must meet strict microbiological and chemical purity standards. 
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Quality Control and In-Process Testing 

Quality control of Lidocaine Hydrochloride Injection involves rigorous testing at both in-

process and finished product stages. The finished product must comply with specifications 

for appearance, pH, assay, particulate matter, sterility, and endotoxin levels. The drug content 

is generally required to be within 95–105% of the labeled amount to ensure dosing accuracy. 

Particulate matter must be strictly controlled because even sub-visible particles can cause 

serious adverse effects in parenteral administration. Sterility testing and bacterial endotoxin 

testing, often performed using the Limulus Amebocyte Lysate (LAL) method, are mandatory 

to ensure that the product is free from microbial contamination and pyrogens. 

 

Stability Studies and Shelf Life 

Stability testing is a critical regulatory requirement used to determine the shelf life and 

appropriate storage conditions of the product. These studies are conducted in accordance with 

ICH Q1A guidelines under both long-term and accelerated conditions. The product is 

evaluated for changes in potency, pH, physical appearance, and degradation products over 

time. Stability data generated from these studies form the basis for assigning expiry dates and 

storage recommendations such as temperature limits and protection from light. Regulatory 

approval is granted only when the product demonstrates acceptable stability throughout its 

intended shelf life. 

 

Container Closure System and Packaging Requirements 

The container closure system for Lidocaine Hydrochloride Injection must ensure product 

sterility and integrity throughout its shelf life. Typically, Type I borosilicate glass vials or 

ampoules are used along with rubber stoppers and aluminium seals. Regulatory authorities 

require compatibility studies to ensure that no interaction occurs between the drug and 

packaging material. Tests such as container closure integrity testing, leakage testing, and 

extractables and leachable studies are performed to confirm that the packaging system does 

not compromise product quality or safety. 

 

Labelling, Documentation, and Regulatory Submission 

Labelling requirements are strictly defined and must include essential product information 

such as drug name, strength, route of administration, batch number, manufacturing and expiry 

dates, storage conditions, and cautionary statements like “for prescription use only.” For 

marketing approval, manufacturers must submit a comprehensive dossier in the Common 

Technical Document (CTD) format, which includes quality (CMC), non-clinical, and clinical 
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data. This documentation demonstrates that the product meets all regulatory expectations for 

safety, efficacy, and quality. 

 

Post-Marketing Surveillance and Compliance 

After approval, regulatory requirements continue through pharmacovigilance systems that 

monitor adverse drug reactions and ensure ongoing patient safety. Manufacturers are required 

to report safety data and maintain risk management plans. Regulatory agencies also conduct 

periodic inspections, audits, and compliance checks to ensure adherence to GMP standards 

and data integrity requirements. Non-compliance may lead to product recalls, warning letters, 

or withdrawal of marketing authorization. 

 

RESULT AND DISCUSSION 

The preformulation studies of lidocaine hydrochloride showed that the drug possesses 

suitable physicochemical properties for formulation as a sterile injectable preparation. 

Lidocaine hydrochloride was observed as a white crystalline odourless powder with slight 

bitterness. It was freely soluble in water and alcohol, indicating good aqueous compatibility 

for injection formulation. The melting point was found within the range of 74–79°C, 

confirming the purity of the drug. The partition coefficient (Log P) value of approximately 

3.3 indicated moderate lipophilicity, which supports efficient penetration through nerve 

membranes. The pKa value of 7.9 suggested rapid onset of action due to adequate unionized 

drug fraction at physiological pH. FTIR studies confirmed the presence of characteristic 

functional groups without any significant incompatibility. Stability studies demonstrated that 

the drug remained stable under hydrolytic, oxidative, thermal, humidity, and photolytic 

conditions. 

The prepared lidocaine hydrochloride injection was clear, sterile, and free from visible 

particulate matter. The pH of the formulation was maintained within the acceptable range of 

5.0–7.0. Assay values were within pharmacopoeial limits (95–105%), indicating accurate 

drug content. Sterility and pyrogen testing showed absence of microbial contamination and 

endotoxins. Stability testing confirmed that the formulation remained stable under accelerated 

and long-term storage conditions.Lidocaine hydrochloride is considered an ideal local 

anaesthetic because of its rapid onset, moderate duration of action, and lower incidence of 

hypersensitivity reactions compared to ester-type local anaesthetics. The mechanism of action 

involves blockade of voltage-gated sodium channels, thereby preventing nerve impulse 

conduction and producing reversible anaesthesia. 
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The preformulation studies played an important role in understanding the physicochemical 

characteristics of the drug, which are essential for the development of a stable and effective 

injectable dosage form. Solubility studies confirmed suitability for aqueous formulation, 

while FTIR analysis verified the chemical integrity of the drug. Stability studies indicated 

that lidocaine hydrochloride possesses good chemical stability, which supports longer shelf 

life. 

The formulation process followed aseptic manufacturing practices to ensure sterility and 

patient safety. Evaluation parameters such as pH, assay, sterility, particulate matter, and 

leakage tests confirmed that the prepared injection complied with pharmaceutical quality 

standards. Regulatory requirements such as GMP compliance, sterility assurance, and 

stability studies are essential for ensuring product quality, efficacy, and safety throughout its 

lifecycle. 

Overall, the formulation and evaluation studies demonstrated that lidocaine hydrochloride 

injection is a reliable sterile parenteral preparation suitable for clinical use in local 

anaesthesia 

 

7.CONCLUSION 

Lidocaine hydrochloride injection is an effective and widely used amide-type local 

anaesthetic formulation with rapid onset and reliable anaesthetic action. The preformulation 

studies confirmed that the drug possesses suitable physicochemical and stability properties 

for sterile injectable formulation. The prepared formulation complied with essential 

pharmaceutical evaluation parameters including sterility, assay, pH, particulate matter, and 

stability requirements. Proper manufacturing practices, packaging, storage, and regulatory 

compliance ensure the safety, quality, and therapeutic effectiveness of the product. Therefore, 

lidocaine hydrochloride injection can be considered a stable, safe, and efficient parenteral 

preparation for local anaesthetic use. 
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