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Biomedical competency of bassanite (plaster of
Paris) synthesized from waste Pila globosa shells

Md. Sahadat Hossain, a Md. Najem Uddin b and Samina Ahmed *ab

This communication, for the first time to the best of our knowledge,

describes the biocompatibility of bassanite synthesized from waste

Pila globosa shells. The biocompatibility evaluation involved cyto-

toxicity and hemocompatibility assessments. Both assessments

yielded very good results, making the synthesized bassanite a

potential biomaterial that can be derived from waste bioresources.

The hemihydrate form of calcium sulfate, also widely known as
bassanite and having the chemical formula CaSO4�0.5H20,1 can
be used as bone cement and has been used since the 19th
century in the medical field, especially for tissue replacement.2

An in vivo analysis of plaster of Paris with hydroxyapatite, which
is another well-known biomaterial, also showed promising
outcomes for its applicability in the biomedical field.3 Hence,
the demand for compounds based on calcium sulfate is
increasing day by day; and this increase is also due to its
widespread applications, which include drug delivery, construc-
tion, bone regeneration, heritage conservation, and dental
prosthetics.4 A few experimental and clinical trials of com-
pounds based on calcium sulfate have shown encouraging
results for the filling up of dead bone gaps.5,6 Calcium sulfate,
however, has been reported to exhibit cytotoxic effects5 and
complications after application7 in the human body. A clinical
trial also found a severe inflammatory reaction having devel-
oped during the application of calcium sulfate.7 When calcium
sulfate was used with other biomaterials such as tricalcium
phosphate, many complications were experienced.8 Three
patients out of 22 displayed laryngospasm, and tachyarrhyth-
mia was found in one patient into whom calcium sulfated was
injected.9

Thus, it is essential to assess the biomedical competency of
plaster of Paris (bassanite) before deciding whether to apply it

biomedically. In this research, we set out to assess the biome-
dical compatibility of bassanite synthesized from a bio-resource
(Pila globosa).

A hemolysis profile was monitored by assessing breakdown
properties of RBCs during their contact with the bassanite sam-
ples. The hemolysis test was implemented as described earlier,
and heparin was used as an anti-coagulant agent for blood.10 In
short, physiological saline extract and water were chosen as the
negative and positive controls, respectively. Various samples with
different concentrations, specifically 100, 200, and 400 mg mL�1,
were each incorporated into 0.3 mL of blood. The hemolysis
percentage was estimated using the equation

Hb ¼
As � Anc

Apc � Anc
� 100: (1)

Here, As, Apc and Anc represent the average absorbances of the
sample, positive control, and negative control, respectively, as
measured using a UV-spectrophotometer.

The trypan blue exclusion method was the protocol chosen
for estimating the quantities of viable and non-viable cells of
the African green monkey kidney (Vero) cell line (CLS 605372,
Germany), following a previously described methodology.11,12 A
concentration variation of bassanite was maintained (50, 100,
and 200 mg mL�1) to identify the change in dead cells after
72 hours. This experiment was performed using an automatic
cell counter (LUNA-IIt, Analytikjena). The percentage of cells
that were viable was computed using eqn (2).13

Percentage of viable cells ¼ Number of viable cells

Total number of cells
� 100 (2)

Gram-positive Staphylococcus aureus (S. aureus) (ATCC-9144)
and Gram-negative Escherichia coli (E. coli) (ATCC-11303) bac-
teria were selected for the prediction of antimicrobial proper-
ties of bassanite following the well-established disc diffusion
technique.14

Bassanite was synthesized from a well-known bioresource,
namely Pila globosa, and the characterization of the prepared
samples was reported earlier.15 The biomedical applicability of
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the synthesized bassanite has not been reported yet to the best
of our knowledge. The main concern involving biomaterials is
their interaction with living cells. Fig. 1 shows photographs of
the co-presence of bassanite and living cells under a micro-
scope. After 72 hours, only a few cells were found to be dead,
and the viability percentages are plotted in Fig. 2. More than
92% of the cells were observed to be alive, whether 50 mg mL�1

or 200 mg mL�1 of bassanite was applied. And, in fact, the
control condition also killed a few cells. Thus, the bassanite
derived from Pila globosa shells (plaster of Paris) was concluded
to be biocompatible. Whether the doses were high or low, the
synthesized materials can be categorized as non-cytotoxic bio-
materials based on the ISO 10993-5 standard. The compatibility
of any material with a biological system can be predicted by the
ability of the material or chemicals generated from the material
to destroy living cells.16 The synthesized materials did not exert
any adverse effects on living cells, and thus can be considered
for further applicability, in particular in biomedical fields.

In addition to subjecting the synthesized bassanite to the
cytotoxicity test, we also monitored its hemolytic performance
to further assess its biocompatibility. In general, a material that
breaks down red blood cell (RBCs) would not be considered a

biocompatible material. In the current work, this property was
investigated by using a very high dose of the material, as high
as 400 mg mL�1. With the augmentation of the sample dose, the
hemolysis percentages were also amplified. Nevertheless, despite a
high dose having been applied, none of the samples were deemed
to be non-hemocompatible according to the ASTM standard. In
general, according to this standard, a material is considered to be
(i) highly hemocompatible if generating a hemolysis count of
o 5%, (ii) hemocompatible if generating a hemolysis count of
less than 10%, and (iii) non-hemocompatible if generating a
hemolysis count of 4 20%. Fig. 3 shows a plot of hemolysis
counts generated by bassanite samples at various concentrations.
The results indicated that bassanite at any of the tested concentra-
tions would not adversely affect RBCs when applied in the
biomedical field.

Antimicrobial properties of any biomaterial always carry
extra benefits during application as well as after application.
The antimicrobial character of bassanite was examined using
the disc diffusion technique with E. coli and S. aureus as the
standard Gram-positive and Gram-negative bacteria, respec-
tively. The bassanite showed no antimicrobial activity (Fig. 4).

In conclusion, the bassanite sample synthesized from waste
Pila globosa shells can be safely applied as a biomaterial: the
cytotoxicity and hemolysis assessments showed no adverse
effects. But this material failed to show antimicrobial activity
when testing it against E. coli and S. aureus. Based on this
research, it is suggested that waste Pila globosa shells be chosen

Fig. 1 Cell viability assessments of synthesized bassanite samples at
various concentrations: (A) control, (B) 50 mg mL�1, (C) 100 mg mL�1, and
(D) 200 mg mL�1.

Fig. 2 Cell viability percentages of bassanite samples at different
concentrations.

Fig. 3 Hemolysis counts of plaster of Paris at various concentrations.

Fig. 4 Antimicrobial performances of plaster of Paris, specifically against
(A) E. coli and (B) S. aureus.
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for the synthesis of bassanite/plaster of Paris when aiming for a
biomedical application of this product.
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