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HIGHLIGHTS

GRAPHICAL ABSTRACT

* A micron-sized  acamprosate
calcium sample was synthesized by
using Triton-X-100.

* The product has an acceptable
purity and is in accordance with
international U.S. pharmacopeia.

*The  kinetic solubility  of
acamprosate calcium was improved
by size reduction.
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Considering that preparing microparticle drugs enhances their solubility and bioactivity,
it is the pharmaceutics’ interest to have more information about the drug’s particle size;
hence, it is essential to study a drug’s particle size and morphology. So far, no work
has been done on the particle size of acamprosate calcium. In this work, micronized
acamprosate calcium was first prepared, then its water solubility was investigated. To
this aim, acamprosate calcium was synthesized from 1,3-propane sultone through two-
step reactions. The resulting powder was then micronized using Triton-X-100 using
the in situ micronization method. The resulting micronized particles were found to be
highly pure (99.7 %). The micronized acamprosate calcium's particle size was less than
10 um. Kinetic solubility studies showed that micronized acamprosate calcium's water
solubility had improved compared to bulk particles of acamprosate calcium.
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1. Introduction

Generally, synthesized drugs are bigger than the
biological cells, and many are classed Biopharmaceutical
Classification System (BCS) class II or IV, which are
poor water-soluble compounds [1]. In order to have
biological activity, a drug should be less than 5 pm. As
a drug becomes more soluble, the medicine particles
become smaller, and the drug becomes more active
[2,3]. According to the BCS, dissolution is a rate-
limiting factor for the drug absorption rate of both class
IT and IV compounds, resulting in poor bioavailability
[4]. Moreover, according to Noyes-Whitney's theories,
administering a micron size drug is a primary method
to improve the bioavailability of poorly water-soluble
drug substances [5].

Various strategies improve the solubility of poorly
water-soluble drugs [6-10]. Amongst these methods,
increasing surface area by micronization is an effective
[8,11-13].
Micronization is a term used to describe a size reduction

strategy to overcome these problems

technique where the resulting particle size distribution
is less than 10 um. Since the morphology of particles,
particle size, and size distribution produced in different
industries are usually not appropriate for the subsequent
use of such materials, particle design has been gaining
importance in manufacturing advanced pharmaceutical
compounds [14-16]. Although reducing the particle
size has many advantages, such as increased solubility
and biological activity, a significant reduction in the
particle size also brings disadvantages. For example,
nano-size drugs easily pass through the brain membrane
and can cause side effects in the brain, or the excessive
concentration of nanoparticles in the formulation of
tablets can be problematic [17-19]. Also, if the particles
are very small, it becomes difficult to formulate tablets
using the direct method (C.D. Compaction) due to a
decrease in the drop (Flow free).

A common technique for producing micronized
drugs is mechanical methods with the milling of larger
particles [20,21]. Despite the widespread use of this
method, the milling process is not an ideal way to
produce fine particles because the properties of the
drug and its surface properties change in a mainly
uncontrolled manner [14,22]. In addition to milling,
other approaches like spray drying and supercritical
fluid (SCF) require specialized containment facilities.
Although these techniques can produce micronized

particles, they are non-homogenous in particle size
distribution when solved in water [23-27]. Hence, a
novel technique, called in situ micronization, has been
developed to overcome the limitations associated with
other procedures and produce drugs with homogenous
particle size distribution [28,29]. In contrast to other
techniques where external processing conditions
like mechanical force, temperature, and pressure are
required, in situ micronization does not require arduous
conditions [30-33]. The drug can obtain micron size
during a one-step crystal formation without needing
further particle size reduction. In this approach,
a hydrophilic polymer is used to reduce surface
tension. The other factors include changing the type
of stirrer [34,35], stirring speed [36], and applying the
appropriate temperature [37] during the purification and
crystallization of the material [38,39].

Acamprosate calcium, with the chemical name calcium
3- acetamidopropane -1- sulfonate, is a white, odorless
powder with the chemical structure C,,H,,CaN,O,S,
and a molecular weight of 400.48 g.mol"! (Fig. 1). The
solubility of acamprosate calcium in water has been
reported as 5 and 1.97 mg.ml' in different sources
[40,41].

Acamprosate has a chemical structure similar to
the amino acids neurotransmitter y-aminobutyric acid
(GABA) and neuromodulator taurine (Fig. 2) [42].

Acamprosate calcium is used in the treatment of
alcohol addiction. This drug restores the balance of
brain chemicals disturbed by alcohol. Acamprosate
calcium normalizes the dysregulation of glutamatergic
neurotransmission during chronic alcohol consumption

0]
)kN/\/\ SO3_
H 2+
Ca
H a
WN\/\/S(%
(¢}

Fig. 1. The chemical structure of acamprosate calcium.
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Fig. 2. The chemical structure of amino acids (a) y-aminobutyric
acid and (b) taurine.
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and withdrawal [43]. Acamprosate calcium has been
used in Europe since 1989 and was approved by the
FDA in 2004 [44].

Since acamprosate calcium is poorly soluble in
water, the preparation of micronized acamprosate
calcium improves its water solubility and may increase
the bioavailability of this drug. However, a review of
scientific sources shows that no research has been done
on the micronization of this compound. In this research,
micronized acamprosate calcium was prepared using
the in situ micronization method. The straightforward
procedure and accessibility of the materials make
it a preferred industrial method. In this method, the
purification and micronization of the sample were
done during one process using the precipitation
method with anti-solvent. Water was used as a solvent,
and acetone as an anti-solvent; both are cheap and
commercially available. Non-ionic surfactants, which
are commercially available and can be recovered,
were used as surface activators. The two other main
factors for sample micronization are temperature (the
sample dissolution temperature was 60 °C, and the
sedimentation temperature was in the room temperature
range) and the mixing speed (600 rpm), which are
within the acceptable range.

2. Materials and methods

The 1,3-propane sultone was purchased from ALFA
AESAR. Ammonia (28% solution), Tween 80, Tween
40, Triton-X-100, PEG 600, PEG 300, PEG 200,
sodium hydroxide, acetone, and ethanol were purchased
from Sigma-Aldrich. All compounds were used without
further purification. The morphology of samples was
observed using a Scanning Electron Microscope (JSM-
6390 LASEM, Jeol Co., Tokyo, Japan). The distribution
of micronized particles in suspensions was investigated
using a Fritsch particle analyzer model ANALYSETTE
22 NeXT Nano.

2.1. Synthesis of 3-aminopropane-I-sulfonic acid

First, a stirred solution of 1,3-propane sultone (6.1
g, 0.5 mmol) in acetone (60 ml) was prepared. Then
the solution introduced gaseous ammonia at room
temperature at a flow rate of 200 to 250 ml.min.
The introduction of ammonia continued for 1 h, and
the mixture's temperature rose to 45 °C during the

reaction. Next, the reaction mixture was cooled to
room temperature and stirred for 2 h. After finishing the
reaction, it was diluted with acetone (90 ml) and stirred
for 30 min to solidify. Afterward, the solid material
was filtered and washed with absolute ethanol (90 %).
Finally, the sediments were recrystallized with distilled
water and ethanol to afford 3-aminopropane-1-sulfonic
acid as a white crystalline powder (6.64 g, 96 %).

2.2. Synthesis of acamprosate calcium

A mixture of acetic acid (1 ml, 17.5 mmol) and acetic
anhydride (2 ml, 21.16 mmol) was also prepared. This
mixture was then added to a stirred solution of 3-amino-
1-propane sulfonic acid (2.5 g, 17.9 mmol) in distilled
water (3 ml). After a few seconds, a solution of calcium
hydroxide (0.95 g, 12.8 mmol) in distilled water (4 ml)
was then added to the reaction mixture. After 1 hour,
acetone (25 ml) was added to the reaction mixture
and stirred for 30 min. After finishing the reaction,
ethanol (50 ml) was added. The resulting compound
was solidified, filtered, and dried to give acamprosate
calcium (3.3 g, 92 %) for the next step.

2.3. Preparation of micronized acamprosate calcium

A saturated drug solution was prepared by solving 0.5
g of acamprosate calcium in 20 ml of distilled water
under heated conditions of 60 °C. The speed of stirring
was adjusted to 600 rpm. Then the surfactant solution
of the desired compound (1.0 g) in acetone (82 ml)
was added to the stirred acamprosate calcium solution
dropwise for 40 min. Next, the formed micronized
particle was filtered, dried, and weighed. Lastly, the
particle size was determined using SEM analysis, and
the distribution of micronized particles in suspensions
was investigated using DLS analysis.

3. Results and discussion

In this study, first
synthesized in two steps. In the first step, the
nucleophilic attack of ammonia to 1,3-propane sultone
formed 3-aminopropane-1-sulfonic acid. In the second
step, 3-aminopropane-1-sulfonic acid was acylated,
and calcium salt was formed using calcium hydroxide
(Fig. 3). Then, the micronized acamprosate calcium was
prepared using a nonionic surfactant. The two factors,

acamprosate calcium was
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Fig. 3. The route for the synthesis of acamprosate calcium.

surfactant type and stirring speed, were investigated.

The effect of surfactants on the production of fine
particles has been thoroughly investigated [45,46].
In this research, non-ionic surfactants were used as
surface activators. lonic surfactants were not used
because acamprosate calcium is an ionic compound,
and there is a possibility of ion exchange between this
compound and the surface activator. Tween 80, Tween
40, Triton-X-100, PEG 600, PEG 300, and PEG 200
were tested as surfactants (Table 1).

In order to evaluate the effect of the first factor, stirring
speed, on the particle size of the reaction, different
stirring speeds were investigated and are summarized
in Table 2.

As seen from Tables 1 and 2, among different
surfactants, the best result occurred when using
Triton-X-100 at 600 rpm.

The SEM and DSL analyses were used to investigate
the particle sizes of the product (Figs. 4 and 5). As

Table 1. The yield of formation of micronized acamprosate calcium.

Acamprosate calcium Surfactant Micronized particle Yield

weight (g) weight (g) (%)
0.5 Tween 80 0.23 46
0.5 Tween 40 0.41 82
0.5 Triton-X-100 0.47 94
0.5 PEG 600 015 30
0.5 PEG 300 0.30 60
0.5 PEG 200 0.35 70

Table 2. The effect of stirring speed on particle size of acamprosate

calcium.

Entry Rotation speed (r.min™) Particle size (um)
1 100 7>

2 200 60 >

3 300 55>

4 400 25>

5 500 20>

6 600 10>

7 700 10>

8 800 10 >

shown in Fig. 5, the particle size of all resulting products
is less than 10 um, and 98.1 % of particles were less
than 5 um. The purity of the micronized acamprosate
calcium was determined according to international U.S.
pharmacopeia using HPLC analysis, which showed that
the micronized acamprosate calcium has an acceptable
purity (99.7 %, Fig. 6). These microparticles can be
used as tablets and capsules after formulation.

3.2. Kinetic solubility studies

In order to evaluate the micronized sample’s water
solubility compared to the synthesized and bulk samples,

"D4 =63.44 nm

"D2.= 5875 nm

D3 = 478.16 nm

D1 =401.53 nm

SEM MAG: 100.0 kx Det: InBeam
WD: 4.99 mm Bl: 7.00
View field: 2.08 ym Date(m/dly): 01/29/22

MIRA3 TESCAN

| |

500 nm

Fig. 4. SEM image of micronized acamprosate calcium.
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Fig. 5. Distribution of acamprosate calcium particles size.

a certain amount of the two samples was poured into two
thimbles. The thimbles were sealed and placed in two
flasks containing distilled water at room temperature
without stirring. The solutions were sampled at different
times, and the amount of acamprosate calcium was
determined according to the standard method using
an ultraviolet device [47]. As shown in Fig. 7, the
solubility rate of the micronized sample is significantly
higher than the bulk sample, with particle sizes between
100-70 um. The micronized sample reached saturation
after about 15 min, while the time duration for the bulk
samples was about 35 min.
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Fig. 6. HPLC analysis of micronized acamprosate calcium according
to the international U.S. pharmacopeia.

45

20 4 —&—Bulk sample

—— Micronized sample

35 A

30 A
25 A
20 A

Time (min)

15 A
10 A

o T T T T T
0 1 2 3 4 5 6

Concentration (ug.ml?)

Fig. 7. The effect of particle size on the solubility of acamprosate
calcium.

4. Conclusions

Acamprosate calcium was synthesized in two steps
from 1,3-propane sultone and ammonia gas. Micronized
acamprosate calcium with dimensions of less than
10 um and high purity (99.7 %) was prepared using
Triton-X-100 as a surfactant agent and distilled water
and acetone as solvents. The optimal mixing speed was
investigated at 600 rpm. The water solubility of the
bulk particles of acamprosate calcium and micronized
acamprosate calcium was studied. The results showed
that the water solubility of the acamprosate calcium had
been improved, and the solution of micronized particles
became saturated after about 15 min, while this time for
the bulk sample was about 35 min.

References

[1] Charalabidis, A., Sfouni, M., Bergstrom, C.,
& Macheras, P. (2019). The Biopharmaceutics
Classification System (BCS)andthe Biopharmaceutics
Drug Disposition Classification System (BDDCS):
Beyond Guidelines. Int. J. Pharm. 566, 264-281.

[2] Tran, P., & Park, J.S. (2021). Recent Trends of Self-
Emulsifying Drug Delivery System for Enhancing
the Oral Bioavailability of Poorly Water-Soluble
Drugs. J. Pharm. Investig. 51, 439-463.

[3] Khan, K.U., Minhas, M.U., Badshah, S.F., Suhail,
M., Ahmad, A. & Laz, S. (2022). Overview
of Nanoparticulate Strategies for Solubility
Enhancement of Poorly Soluble Drugs. Life Sci. 291,
120301.

[4] Kesisoglou, F., & Wu, Y. (2008). Understanding the



22 F. Mobayyen Jarihani ef al. / Journal of Particle Science and Technology 8 (1) (2022) 17-23

Effect of API Properties on Bioavailability Through
Absorption Modeling, A4APS J. 10(4) 516-525.

[5] Arnold, S.L.M. & Isoherranen, N. (2022). Role of
Pharmacokinetics and Pharmacokinetic Modeling
in Drug Development. in T. kenakin (Ed.),
Comprehensive  Pharmacology (pp. 743-768).
Elsevier.

[6] Kim, D.H., Kim, Y.W., Tin, Y.Y., Soe, M.T.P,
Ko, B.H., Park, S.J., & Lee, J.JW. (2021). Recent
Technologies for Amorphization of Poorly Water-
Soluble Drugs. Pharmaceutics, 13(8) 1318.

[7] Tran, P., Pyo, Y.C., Kim, D.H., Lee, S.E., Kim, J.K.,
& Park, J.S. (2019). Overview of the Manufacturing
Methods
Improving the Solubility of Poorly Water-Soluble
Drugs and Application to Anticancer Drugs.
Pharmaceutics, 11(3) 132.

[8] Loh, Z.H., Samanta, A.K., Heng, P.W.S. (2015).
Overview of Milling Techniques for Improving the
Solubility of Poorly Water-Soluble Drugs. Asian J.
Pharm. Sci. 10(4) 255-274.

[9] Williams, H.D., Trevaskis, N.L., Charman, S.A.,
Shanker, R.M., Charman, W.N., Pouton, C.W., &
Porter, C.J.H. (2013). Strategies to Address Low
Drug Solubility in Discovery and Development.
Pharmacol. Rev. 65(1) 315-499.

[10] Savjani, K.T., Gajjar, A.K., & Savjani, J.K. (2012).
Drug Solubility: Importance and Enhancement
Techniques. ISRN Pharm. 2012, 195727.

[11] Abuzar, S.M., Hyun, S.M., Kim, J.H., Park,
H.J., Kim, M.S., Park, J.S., & Hwang, S.J. (2018).
Enhancing the Solubility and Bioavailability of
Poorly Water-Soluble Drugs Using Supercritical
Antisolvent (SAS) Process. Int. J. Pharm. 538, 1-13.

[12] Kim, S., Bilgili, E., & Davé, R.N. (2021). Impact of
Altered Hydrophobicity and Reduced Agglomeration
on Dissolution of Micronized Poorly Water-Soluble
Drug Powders After Dry Coating. Int. J. Pharm. 606,
120853.

[13] Yadav, K., Sachan, A K., Kumar, S., & Dubey,
A. (2022). Techniques for Increasing Solubility: A
Review of Conventional and New Strategies. Asian
J. Pharm. Res. Dev. 10(2) 144-153.

[14] Cun, D., Zhang, C., Bera, H., & Yang, M. (2021).
Particle Engineering Principles and Technologies for
Pharmaceutical Biologics. Adv. Drug Deliver. Rev.
174, 140-167.

[15] Hanafy, A., Spahn-Langguth, H., Vergnault, G.,

of Solid Dispersion Technology for

Grenier, P., Tubic Grozdanis, M., Lenhardt, T., &
Langguth, P. (2007). Pharmacokinetic Evaluation
of Oral Fenofibrate Nanosuspensions and SLN
in Comparison to Conventional Suspensions of
Micronized Drug. Adv. Drug Deliver. Rev. 59(6)
419-426.

[16]Kim,].S., Park,H.,Kang, K.T.,Ha, E.S., Kim,M.S.,
& Hwang, S.J. (2022). Micronization of a Poorly
Water-Soluble Drug, Fenofibrate, via Supercritical-
Fluid-Assisted Spray-Drying. J. Pharm. Investig. 52,
353-366.

[17] Arms, L., Smith, D.W., Flynn, J., Palmer, W.,
Martin, A., Woldu, A., & Hua, S. (2018). Advantages
and Limitations of Current Techniques for Analyzing
the Biodistribution of Nanoparticles. Front.
Pharmacol. 9, 802.

[18] Heng, D., Ogawa, K., Cutler, D.J., Chan, H.K.
Raper, J.A., Ye, L., & Yun, J. (2010). Pure Drug
Nanoparticles in Tablets: What Are the Dissolution
Limitations?. J. Nanopart. Res. 12, 1743-1754.

[19] De Jong, W.H., & Borm, P.J.A. (2008). Drug
Delivery and Nanoparticles: Applications
Hazards. Int. J. Nanomed. 3(2) 133-149.

[20] Brunaugh, A., Smyth, H.D.C. (2017). Process
Optimization and Particle Engineering of Micronized
Drug Powders via Milling. Drug Deliv. Transl. Re.
8(6) 1740-1750.

[21] Rasenack, N., & Miiller, B.W. (2004). Micron-Size
Drug Particles: Common and Novel Micronization
Techniques. Pharm. Dev. Technol. 9(1) 1-13.

[22] Vandana, K.R., Prasanna Raju, Y., Harini
Chowdary, V., Sushma, M., & Vijay Kumar, N.
(2014). An Overview on in Situ Micronization
Technique - An Emerging Novel Concept in
Advanced Drug Delivery. Saudi Pharm. J. 22(4)
283-289.

[23] Janiszewska-Turak, E. (2017).
Microencapsulation by Spray Drying Method and
Supercritical Micronization. Food Res. Int. 99 (part
2) 891-901.

[24] Dobrowolski, A, Strob, R, Driager-Gillessen, J.F.,
Pieloth, D., Schaldach, G., Wiggers, H., & Thommes,
M. (2019). Preparation of Submicron Drug Particles
via Spray Drying from Oganic Solvents. Int. J.
Pharm. 567, 118501.

[25] Aguiar-Ricardo, A. (2017). Building Dry Powder
Formulations Using Supercritical CO, Spray Drying.
Curr. Opin. Green Sust. Chem. 5, 12-16.

and

Carotenoids



F. Mobayyen Jarihani ef al. / Journal of Particle Science and Technology 8 (1) (2022) 17-23 23

[26] Knez, 7., Panti¢, M., Cér, D., Novak, Z., & Hréi¢,
M.K. (2019). Are Supercritical Fluids Solvents for
the Future?. Chem. Eng. Process. 141, 107532.

[27] Soh, S.H., & Lee, L.Y. (2019). Microencapsulation
and Nanoencapsulation Using Supercritical Fluid
(SCF) Techniques. Pharmaceutics, 11(1) 21.

[28] Zhou, X., Zhu, X., Wang, B., Li, J., Liu, Q., Gao,
X., Sirkar, K.K., & Chen, D., Continuous Production
of Drug Nanocrystals by Porous Hollow Fiber-Based
Anti-Solvent Crystallization. J. Membrane Sci. 564,
682-690.

[29] Maghsoodi, M., Montazam, S.H., Rezvantalab,
H., & Jelvehgari, M. (2020). Response Surface
Methodology  for
Variables of Atorvastatin Suspension Preparation
by Microprecipitation Method Using Desirability
Function. Pharm. Sci. 26(1) 61-74.

[30] Enteshari, S. & Varshosaz, J. (2018). Solubility
Enhancement of Domperidone by Solvent Change in
Situ Micronization Technique. Adv. Biomed. Res. 7,
109.

[31] Rasenack, N., & Miiller, B.W. (2002). Dissolution
Rate Enhancement by in Situ Micronization of Poorly
Water-Soluble Drugs. Pharm. Res. 19(12) 1894-1900.

[32] Bahr, M.N., Angamuthu, M., Leonhardt, S.,
Campbell, G., & Neau, S.H. (2021). Rapid Screening
Approaches for Solubility Enhancement, Precipitation
Inhibition and Dissociation of a Co-Crystal Drug
Substance Using High Throughput Experimentation.
J. Drug Deliv. Sci. Tech. 61, 102196.

[33] Ala’A, D.N., & Al-Khedairy, E.B.H. (2019).
Formulation
Microcrystals by in Situ Micronization Technique.
Iraqgi J. Pharm. Sci. 28(1) 1-16.

[34] Boonkanokwong, V., Khinast, J.G., & Glasser,
B.J. (2021). Scale-up and Flow Behavior of Cohesive
Granular Material in a Four-Bladed Mixer: Effect
of System and Particle Size. Adv. Powder Technol.
32(12) 4481-4495.

[35] Csiszar, E., Szabo, Z., Balogh, O., Fekete, E.,
& Koczka, K. (2021). The Role of the Particle
Size Reduction and Morphological Changes of
Solid Substrate in the Ultrasound-Aded Enzymatic
Hydrolysis of Cellulose. Ultrason. Sonochem. 78,
105711.

[36] Hussain, Z., & Sahudin, S. (2016). Preparation,
Characterisation and Colloidal Stability of Chitosan
- Tripolyphosphate Nanoparticles: Optimisation of

Optimization of Process

and Evaluation of Silymarin

Formulation and Process Parameters. /nt. J. Pharm.
Pharm. Sci. 8(3) 297-308.

[37] Sigwadi, R., Dhlamini, S., Mokrani, T. , &
Nonjola, P. (2017). Effect of Synthesis Temperature
on Particles Size and Morphology of Zirconium
Oxide Nanoparticle. J. Nano Res. 50, 18-31.

[38] Hassanzadeh, B. & Mohanazadeh, F. (2017). A
New Method for the Preparation of Pure Topiramate
with a Micron Particle Size. J. Particle Sci. Technol.
3(3) 169-174.

[39] Rasenack, N., Steckel, H., & Miiller, B.W. (2004).
Preparation of Microcrystals by in Situ Micronization.
Powder Technol. 143-144,291-296.

[40] Acamprosate
2022 from https://www.chemicalbook.com/
ChemicalProductProperty EN_CB4310705.htm.

[41] Acamprosate calcium, retrieved June 24, 2022 from
https://go.drugbank.com/salts/DBSALT000002.

[42] Mason, B., Heyser, C. (2010). Acamprosate: A
Prototypic Neuromodulator in the Treatment of
Alcohol Dependence. CNS Neurol. Disord. - Dr. 9(1)
23-32.

[43] Plosker, G.L. (2015). Acamprosate: A Review
of Its Use in Alcohol Dependence. Drugs, 75(11)
1255-1268.

[44] FDA Approves New Drug for Treatment of
Alcoholism, FDA Talk Paper, Food and Drug
Administration. 2004-07-29. Archived from the
original on 2008-01-17. Retrieved August 15, 2009
from  https://www.accessdata.fda.gov/drugsatfda
docs/nda/2004/21-431 Campral.cfm.

[45] Chuacharoen, T., Prasongsuk, S., & Sabliov,
C.M. (2019). Effect of Surfactant Concentrations
on Physicochemical Properties and Functionality of

calcium, retrieved June 24,

Curcumin Nanoemulsions Under Conditions Relevant
to Commercial Utilization. Molecules, 24(15) 2744.
[46] Wang, C., Cui, B., Guo, L., Wang, A., Zhao, X.,
Wang, Y., Sun, C., Zeng, Z., Zhi, H., Chen, H., Liu,
G, & Cui, H. (2019). Fabrication and Evaluation of
Lambda-Cyhalothrin Nanosuspension by One-Step
Melt Emulsification Technique. Nanomaterials-
Basel, 9(2) 145.
[47] Kirankumar, A., Mamatha, B., Sasikala, M.,
Monika, S., Ranganayakulu, D. (2013). Validated
Method Development
AndStability Studies of Acamprosate Calcium in
Bulk and Tablet Dosage Form, Int. J. PharmTech
Res. 5(3) 1241-1246.

UV  Spectrophotometric



