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[bookmark: _Toc212280148]CHAPTER IV: TYPES OF TECHNICAL ANALYSIS IN A PHARMACEUTICAL COMPLEX
1. [bookmark: _Toc212280149]Objectives
Upon the completion of this chapter, the student will be able to:
· Explain the importance of pharmaceutical analysis in ensuring drug quality, safety, and efficacy.
· Identify and describe the four main stages of pharmaceutical analysis
· Describe the design and purpose of stability studies,
1. [bookmark: _Toc212280150]Introduction
A Pharmaceutical Complex refers to an entire manufacturing plant or a network of facilities involved in producing drugs. "Technical Analysis" encompasses all the scientific testing and monitoring activities that verify every material and step in the process meets strict predefined standards. This is a legal and ethical requirement governed by Good Manufacturing Practices (GMP).
The core principle is: "Quality cannot be tested into a product; it must be built into it." Technical analysis provides the data to prove that quality has been built in at every stage.
2. [bookmark: _Toc212280151]Types of technical analysis
Technical analysis is integrated throughout the entire product lifecycle. Here are the main types, typically organized by the stage at which they are applied:
[bookmark: _Toc212280152]3.1. Analysis of raw materials and components
The analysis of raw materials and components serves as the first line of defense in the quality control system of a pharmaceutical complex. Its primary purpose is to ensure that all incoming materials including Active Pharmaceutical Ingredients (APIs), excipients (inactive ingredients), packaging materials, and solvents are suitable for their intended use before they are released into the manufacturing process. This is achieved through a battery of common tests designed to comprehensively characterize each material. These tests typically include identification to confirm the correct substance is present using techniques like FTIR or pharmacopoeial methods; assay and potency testing to quantify the strength of the API; purity and impurity profiling to detect and quantify contaminants such as related substances or residual solvents using HPLC or GC; and an assessment of key physicochemical properties like particle size, density, pH, and water content, which are critical for ensuring consistent product performance and stability.
[bookmark: _Toc212280153]3.2. In-process controls (IPC)
In-process controls are a series of checks performed during the manufacturing process to monitor and control production in real-time. The purpose of IPC is to ensure that the product meets its predefined specifications at critical intermediate steps, allowing for immediate adjustments to be made before the batch is completed. This proactive approach prevents the propagation of errors and is fundamental to building quality into the product. Typical elements tested include intermediate products, blend uniformity, and key process parameters. Common tests involve checking blend uniformity to ensure a homogeneous powder mix before tablet compression; monitoring weight variation of tablets as they are being compressed; controlling pH and temperature during chemical synthesis or in liquid formulations; and assessing solution clarity and color for injectable products to guarantee purity and the absence of visible particulates.
1.1. [bookmark: _Toc212280154]Finished product testing (release testing)
Finished product testing, also known as release testing, constitutes the final and comprehensive analysis of the drug product in its market container. Its critical purpose is to confirm that the final dosage form—whether a tablet, capsule, injection, or cream—complies with all established release specifications before it is approved for distribution to the market. This testing verifies the identity, strength, quality, and purity of the product. A battery of common tests is performed, including identification to confirm the presence of the correct Active Pharmaceutical Ingredient; assay to precisely measure the amount of API per dosage unit; content uniformity to ensure consistency of the API across individual units; and dissolution testing to measure the release rate of the API, which is critical for predicting its absorption in the body. Furthermore, microbiological testing is conducted to check microbial limits or sterility, and specific tests on the dosage form itself, such as hardness and friability for tablets, sterility for injectables, and leak testing for packages, are performed to ensure overall integrity and performance.
[bookmark: _Toc212280155]3.4. Stability testing
Stability testing is an ongoing program that runs in parallel to a product's market life. Its primary purpose is to determine the product's shelf life (expiration date) and recommend appropriate storage conditions by systematically evaluating how its quality changes over time under the influence of various environmental factors like temperature and humidity. This is achieved by storing product batches in stability chambers under controlled conditions such as 25°C/60% relative humidity or more accelerated conditions like 40°C/75% relative humidity—and testing them at predetermined intervals throughout their lifespan, for example at 0, 3, 6, 9, 12, 18, 24, and 36 months. The key parameters monitored during this testing include the assay of the active ingredient, the formation of degradation products (impurities), dissolution performance, physical appearance, and microbiological quality to ensure the product remains safe, effective, and of high quality until its expiration date.
3. [bookmark: _Toc212280156]Analytical techniques
The types of analysis mentioned above rely on a suite of sophisticated instruments:
· Chromatography: To separate, identify, and quantify components in a mixture.
· HPLC/UPLC: The workhorse for assay and impurity testing.
· GC: For volatile compounds and residual solvents.
· Spectroscopy: For identification and quantification.
· UV-Vis Spectroscopy: Often used for assay.
· FTIR Spectroscopy: Primarily for identification.
· Atomic Absorption (AA) / ICP-MS: For elemental impurities and heavy metals.
· Physical Testing:
· Dissolution Test Apparatus: To measure drug release.
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· Friability and Hardness Testers: For tablet quality.

