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COMPUTER APPLICATIONS IN PHARMACY
UNIT 5
TOPIC :
o Computers as data analysis in Preclinical development :
Chromatographic dada analysis(CDS), Laboratory Information

management System (LIMS) and Text Information Management
System(TIMS)
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Computer as Data Analysis Tool In Preclinical
Development

» Pharmaceutical development is a multidisciplinary process involving
scientists from various fields such as chemistry, biology, toxicology,
and pharmaceutical technology. Each of these disciplines contributes
unique scientific data and textual documentation during the drug
development pipeline.

> In the preclinical development phase, especially in the area referred to
as Chemical Manufacturing and Control (CMC), a massive volume of
data is generated. These data sets must be acquired, processed,
analyzed, reported, and stored in a manner that complies with strict
regulatory requirements (such as FDA and ICH guidelines).

» For example, a single Investigational New Drug (IND) application may
involve over 50,000 pages of documents including experimental data,
formulation details, analytical reports, and validation protocols.
Computers and digital systems play a crucial role in handling this vast
amount of information, enhancing efficiency, accuracy, and regulatory
compliance.

Role of Computers In Data Management
Computers aid in almost every stage of data processing in preclinical
development. The key roles include:

. Data acquisition from laboratory instruments.

. Real-time analysis and result generation.

. Standardized data storage and retrieval.

« Quality control and auditing of scientific data.

. Automated report generation for regulatory submissions.
. Secure archiving and backup to preserve data integrity.

These processes help ensure that all scientific evidence is traceable,
reproducible, and verifiable, which is essential for regulatory review and

product approval. A
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Chromatographic Data Systems (CDS)

Chromatographic Data Systems (CDS) are computerized platforms
designed to acquire, process, analyze, and manage chromatographic data.
These systems are critical in pharmaceutical industries due to the central
role played by chromatographic techniques, particularly:

. High-Performance Liquid Chromatography (HPLC)
. Gas Chromatography (GC)

These techniques are considered the backbone of pharmaceutical
analysis and are extensively used in quality control, drug stability
testing, purity analysis, and method validation. The CDS enables
scientists to handle the large volume of chromatographic data in an
accurate, efficient, and compliant manner.

Applications Of CDS In Pharmaceutical Analysis

Besides HPLC and GC, modern CDS platforms are compatible with:

. Ion Chromatography (IC)
. Capillary Electrophoresis (CE)
. Supercritical Fluid Chromatography (SFC)

These advanced techniques are used for complex separations, ionic
compound analysis, and chiral drug testing.
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Evolution of Chromatographic Data Systems

1. Early CDS Systems

- Introduced primarily by instrument vendors to support their analytical
instruments.

-> Based on multi-user minicomputers connected to laboratory terminals.

- Used analog-to-digital (A/D) converters to digitize analog signals from
detectors.

- One of the first systems was HP-3300 by Hewlett-Packard in the late
1970S.

—> Could collect data from up to 60 detector channels simultaneously.

Limitations of Early CDS:

% High installation cost due to specialized hardware and wiring.
% Performance degradation with increasing number of users.
% Poor scalability—adding users required more minicomputers.

% File structure was disorganized, with raw data, methods, and reports
stored separately.
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Modern Chromatographic Data Systems

Modern CDS platforms are server-based, secure, and regulatory compliant.
Key features include:

1. Embedded Data Structures

. Replaces the old file-directory model with relational databases.

. All data (raw, processed, methods, reports) are stored as interlinked
objects.

. Supports data integrity, audit trails, and version control.
. Prevents accidental overwriting of raw data or methods.

2. Direct Instrument Control
. Allows users to remotely operate instruments (HPLC/GC) from the
CDS interface.

. Enables real-time data acquisition, troubleshooting, and system
diagnostics.

. Reduces human error and improves lab efficiency.

3. Full Audit Trail and Compliance

. Tracks every change with date and time stamps.

. Ensures compliance with regulatory guidelines like 21 CFR Part 11
(FDA) and GxP.
. Maintains versions of:
o Acquisition methods
o Processing methods
o Result files
o Reports

4. Security and User Privileges

. Users are assigned roles and permissions.
. Prevents unauthorized access or editing of sensitive data.
. Ensures accountability through electronic signatures.
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Laboratory Information Management System
(LIMS)

» A Laboratory Information Management System (LIMS) is a software-
based solution that helps manage samples, associated data, and
laboratory workflows. It plays a critical role in pharmaceutical
research, quality control, clinical trials, and drug development. LIMS
ensures efficiency, accuracy, and regulatory compliance by automating
data handling and laboratory processes.

Importance of LIMS in Pharmacy
LIMS supports various laboratory activities including:

. Sample tracking and management

. Data collection, processing, and analysis

. Test scheduling and automation

« Quality control and assurance

. Regulatory compliance (e.g., FDA, WHO, GLP)
. Reporting and data archival

Functions of LIMS

1. Sample Management: Assigns unique identifiers (barcodes) and
tracks samples from receipt to disposal.

2. Test Workflow Management: Defines and automates laboratory
workflows and processes.

3. Data Entry and Validation: Allows manual or instrument-based data
entry with validation and audit trails.

4. Result Reporting: Generates test results, flags out-of-spec data, and
produces reports for regulatory submission.

5. Inventory Management: Tracks reagents, glassware, and chemicals to

maintain supply. P
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Architecture of LIMS
1. LAN-Based LIMS:
o Installed on local servers within a lab.
o Used by multiple systems over a local area network.
o Requires on-site IT maintenance.
2. WAN-Based LIMS:
o Supports multiple lab locations via wide area networks.
o Centralized management with shared access across departments.
3. Thin Client (Web-Based):
o Hosted on a central server.
o Accessed using a web browser with no client-side installation.
o Simplifies updates and maintenance.
4. Cloud-Based or ASP LIMS:
o Hosted by third-party providers.
o Accessed over the internet using a web browser.
o Cost-effective and scalable.
o Major concerns: Data security and internet dependency.

Types of LIMS
1. Customer-Tailored LIMS:
o Customized according to user’s workflow.
o Requires dedicated support and programming.
o High initial cost but fits organizational needs perfectly.
2. Preconfigured LIMS:
o Comes with standard features and configuration tools.
o Easier to install and maintain.
3. Specialized LIMS:
o Built for specific labs such as stability testing, clinical labs, or
forensics.
o Aligned with standardized protocols.
o Highly efficient but limited to specific operations.
4. Rented (ASP) LIMS:
o Available as a subscription service.
o Managed by external vendors. R
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o Reduces capital expenditure.

Advantages of LIMS

v Reduces manual errors

v" Enhances data integrity and security

v" Supports regulatory compliance

v Increases lab productivity and automation

v Improves traceability and transparency

v Facilitates better decision-making through data analysis
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Text Information Management Systems (TIMS)

A Text Information Management System (TIMS) is a software system
designed to handle large volumes of textual data and documents
generated in the pharmaceutical industry. Unlike LIMS (which deals
with numeric and analytical data), TIMS manages text-heavy
documents such as:

. Standard Operating Procedures (SOPs)

. Regulatory submission documents

. Research reports

. Method development and validation documents

. Batch records

. Correspondence with regulatory bodies (e.g., FDA, CDSCO)

TIMS is crucial for ensuring document traceability, version control,
regulatory compliance, and efficient retrieval.

Why TIMS is Needed in Pharmaceutical Industry

In pharmaceutical development, textual information is just as
important as analytical data. For example:

. An Investigational New Drug (IND) application can exceed 50,000
pages of documents.

. Regulatory authorities require complete, traceable, and version-
controlled documents.

. Any discrepancy in documentation can lead to regulatory delays
or rejections.

A TIMS addresses these challenges by providing structured document
storage and efficient retrieval with full audit trails.
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Key Features of TIMS

1. Centralized Document Repository:
o Stores all critical textual documents in one system.
o Prevents data loss or duplication.
2. Version Control and Audit Trails:
o Keeps track of every change made to a document.
o Maintains older versions and logs who made changes and when.
3. Search and Retrieval:
o Advanced search features using keywords, document type, date,
author, etc.
o Saves time by providing quick access to specific information.
4. Security and User Access Control:
o Allows only authorized personnel to view, edit, or approve
documents.
o Prevents unauthorized access or changes.
5. Document Templates and Workflow Automation:
o Provides templates for consistent document creation.
o Automates document routing for review and approval.

Uses of TIMS in Pharmaceutical Development

1. Regulatory Documentation:
o Preparation and submission of CTD (Common Technical
Documents), IND, NDA, ANDA.
2. Quality Assurance and Quality Control:
o Stores SOPs, validation protocols, deviation reports, and CAPA
documentation.
3. Research & Development (R&D):
o Archives method development reports, experiment observations,
formulation records.
4. Manufacturing:
o Manages master production records (MPRs), batch production
records (BPRs), cleaning validation documents.
5. Training & HR Documentation:
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o Stores training records, personnel qualifications, and job
descriptions.

Benefits of TIMS

> Saves time and energy

» Faster method of report generation.

> Ensures accuracy

» Improves efficiency in managing critical data
» Reduced paper work

» Strict security

» Smooth and easy work flow
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