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Introduction
The establishment of consistent safety and effi  cacy of parenteral 
pharmaceutical products is a key goal in GMP operations. Within the 
spectrum of activities that support GMP operations, the control of 
bioactive contaminants is a critical concern. Practically, and perhaps 
principally, this has meant sterility and within-specifi cation endotoxin 
burdens. Over the last seven decades, tests for bacterial endotoxin 
burdens have developed from exclusively animal-based bio-assays 
to LAL (Limulus Amebocyte Lysate), or LAL-derivative, biochemical 
assays and mammalian cell-based assays. These methods have been 
enshrined in national and international regulatory requirements 
and have performed extremely well in maintaining a high level 
of endotoxin-related safety in modern parenterals. This success 
has not engendered complacency, however, and pharmaceutical 
science relating to bioactive contaminants has moved forward to 
identify other bioactive materials whose uncontrolled presence 
in parenterals can potentiate risk to safety and effi  cacy. One such 
commonly encountered bioactive is (1"3)-β-D-Glucan (BG).1

(1"3)-β-D-Glucan: Structure
(1"3)-β-D-Glucan is a polymer of glucose that is produced by 
almost all fungi, where it can comprise up to 50% of the cell wall 
dry weight, and by some bacteria and algae.2 It is also a minor 
component of plant tissue (callose). BG is diverse in molecular 
weight, water solubility, branching, and biological activity.2 
An image of fungal BG is presented in Figure 1. It consists of a 
(1"3)-β-linked polyglucose backbone with a (1"6)-β-linked 
branch point leading to another (1"3)-β-linked polyglucose 
chain. More complicated structures may include a variety of 
branch linkages including (1"2)-β- and (1"4)-β- linkages as well 
as other substituents. Bioactivity has been linked to many diverse 
BG structures.3,4 In particular, the least water soluble particulate 
forms are associated with more potent immunological activity.

(1"3)-β-D-Glucan: Bioactivity
BG is considered a pathogen-associated molecular pattern (PAMP) 
and as such is a signal of infection to the innate immune system. 
Its biological activity is exerted through binding to BG receptor-
bearing cells of the innate immune system, as well as to epithelial 
cells of certain organs (see Table 1). It binds to a number of receptors 
including Dectin-1, Complement Receptor-3, Lactosylceramide, 
and scavenger receptors.5  Such binding elicits the activation of 
signal transduction cascades, leading to diverse immune eff ects 
such as the production of pro-infl ammatory cytokines, occasional 
down-regulation of infl ammatory response, synergistic increase of 
infl ammatory response, catastrophic, fatal immunological “storms,” 
and stimulated cytolytic attack.6,7 BG immunoreactivity is the 
subject of a rich and growing library of literature which illustrates 
the potential of uncontrolled BG contamination in parenterals to 
infl uence biological responses.

Human exposure to BG occurs, principally, in three ways: Invasive 

fungal disease (IFD), iatrogenic contamination, and translocation 

from the intestinal tract. Normal levels of circulating BG, as measured 

with the Fungitell IVD kit (Associates of Cape Cod, Inc.) have been 

demonstrated to be < 60 pg/mL.8 Levels ≥ 80 pg/mL, in at-risk 

patients, are considered supporting evidence of invasive fungal 

disease.9 Fungal BG have been demonstrated to trigger a variety of 

immune responses in the setting of infection, provoking activation 

of immune eff ector cells, elicitation of pro-infl ammatory cytokines, 

enhancing antibody-dependent anti-tumor cytolytic response, and, 

in the presence of Toll-like Receptor ligands including endotoxin, 

the promotion of synergistically elevated, pro-infl ammatory 

responses.9,10 As a result of the observed immune stimulus, BG 

administration has been, and continues to be, evaluated as a 

therapeutic in a variety of health care applications, including as an 

anti-cancer drug.12 Certain BG formulations are licensed anti-cancer 

drugs in Japan and China. 

BIOACTIVE CONTAMINANTS

17
American Pharmaceutical Review  |  Endotoxin Supplement 2016

Figure 1.

Table 1. Examples of cell types with (1"3)-β-D-Glucan receptors

Cell Type Receptor Reference

Macrophages, Dendritic 
Cells, Natural Killer Cells 

Dectin-1 Brown, GD., et al. J. Exp. Med. 2003; 
197:1119-1124

Neutrophils Dectin-1 Reid, DM., et al. J. Leukoc. Biol. 2004; 
76:86-94

B-Lymphocytes Dectin-1 Ali, MF., et al. J. Immunol. 2015; 
195:5318-26

Alveolar epithelial cells Lactosylceramide Zimmerman, JW.,et al. J. Biol. Chem. 
1998; 273:22014-20

Leukocytes Complement receptor 3 Xia, Y. et al. J. Immunol. 1999; 162: 
2281-2290

Kuppfer Cells Dectin-1 Reid, DM et al. J. Leukoc. Biol. 2004; 
76:86-94

Intestinal Epithelial Cells Dectin-1 Cohen-Kedar, S. et al., Eur. J. Immunol. 
2014; 44:3729-40

ACCSupplement_2016.indd   17 8/12/16   12:36 PM



(1"3)-β-D-Glucan: 
Sources of Contamination
Modern pharmaceutical processes include 
a number of upstream and downstream 
unit operations that entail risk of BG 
contamination. These include fermentation 
(growth media, fungal or yeast-based 
recombinant cells), coarse fi ltration 
(cellulosic fi ltration media), processing 
aids (high concentration sucrose or other 
saccharides), diafi ltration and concentration 
(concentration of high molecular weight 
BG contaminants), formulation excipients 
(substituted cellulose, saccharides), and 
sterile fi ltration (cellulosic fi lters).13-16

(1"3)-β-D-Glucan: 
A Confounder of LAL-based 
Endotoxin Detection
The most commonly utilized methods of 
endotoxin measurement are LAL-based. 
However, the LAL cascade is bi-specifi c, 
reacting to both lipopolysaccharide and 
BG (Fig. 2). For BG, it is the (1"3)-β-linked 
sequences that allow detection utilizing 
LAL-based reagents. The combined 
interactions of LPS and BG with the LAL 
cascade are complex and the presence 
of BG has been demonstrated to have a 
synergistic eff ect upon LAL activation.17 

Accordingly, endotoxin measurements 
made on materials that are contaminated 
with BG run the risk of over-estimating 
the actual endotoxin present in the test 
material. In order to eliminate positive 
interference from contaminating BG, LAL 
reagent manufacturers typically off er 
specifi c BG-activation blocking buff ers 
or reagents insensitive to BG. While this 
approach has the eff ect of masking 
the potential presence of bioactive BG, 
pharmaceutical manufacturers may miss 
information that could be important to the 
understanding of product performance 
and adverse events in clinical use. 

(1"3)-β-D-Glucan: Strategies 
for Contamination Prevention 
and BG Removal 
The control of BG contamination in 
parenterals may be reduced to two 
approaches. The fi rst involves the screening 
of raw materials and process unit operations’ 
equipment to identify and mitigate BG 
introduction. The second is the utilization 
and validation of process-based BG removal. 
The fi rst approach involves characterization 
of raw materials, equipment leachates, 
and excipients for BG content. This is 
accomplished by using commercially 
available BG-specifi c reagents to quantitate 

BG burdens. These are, typically, LAL-based 
reagents whose preparation has inactivated 
or removed their capacity to become 
activated by lipopolysaccharide. Process-
related raw materials and unit operations 
characterization with these reagents 
permits the addition of BG specifi cations 
to materials and to process equipment 
selection and preparation. An example of 
this approach is presented by Anderson et 
al, 2002.15

Fermentation products which use fungal 
organisms will result in the broth becoming 
infused with BG from the fungal cell walls. 
In addition, media components such as 
sugars, yeast extract, and plant origin 
components will often contain signifi cant 
levels of BG. The use of crude yeast-derived 
media components in mammalian cell 
culture will introduce BG at the beginning 
of the production process.12 Depth 
fi ltration used early in recovery processes 
also represents a BG contamination risk.18 
Cellulose-containing depth fi lters leach 
large quantities of BG, a plant tissue 
component.19 As a result, many recombinant 
biologics and blood fractionation products 
develop signifi cant BG burdens which vary 
from lot to lot.15,20 Extensive rinsing prior to 
use can reduce the levels leached during 
fi ltration operations. High concentration 
sugars, used as a processing aid in protein 
purifi cation can also contribute unwanted 
BG. This material may be retained and 
concentrated in downstream diafi ltration 
and concentration operations.21

Summary
BG is nearly ubiquitous in nature and 
may be present in the raw materials 
and process equipment used in the 
manufacture of parenteral drugs. The 
uncontrolled presence of bioactive BG in 
parenteral pharmaceuticals represents 
a potential source of endotoxin 
specifi cation excursions, variable product 
performance, and adverse events, 
especially with immunologically active 
biologicals. The availability of BG-specifi c, 
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Figure 2.
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LAL-based reagent kits provides facile methods to measure BG 
burdens. Biologics manufacturers are now beginning to identify 
sources of BG burdens in their manufacturing processes and 
are characterizing and validating its removal. At a minimum, BG 
burdens should be characterized, controlled, and established 
safe levels should not be exceeded.
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