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ABSTRACT − In this study, we demonstrated the release behavior of carvedilol with the content of polyvinylpyrrolidone

K-30 (PVP K-30) and the effect of citric acid and fumaric acid as acidifiers on the release behavior of drug. In addition,

it tries to inquire into the release behavior difference of the carvedilol according to the manufacturing method. The release

behavior of the tablets was compared with Dilatrand® in the simulated gastric fluid (pH1.2). Differential scanning cal-

orimeter (DSC), X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FT-IR) were characterized for the

physicochemical properties of the tablets. In case of mixing the carvedilol and PVP K-30, in case the ratio of the carvedilol

and PVP K-30 was 1:5, the release behavior was the highest among. As well as the dissolution rate of tablets manufactured

by lyophilization and rotary evaporator was higher than physical mixture. The dissolution rate of containing acidifiers was

more improved. But, rather the excessive amount of the acidifier addition reduced the dissolution rate.

Key words − Carvedilol, Kollidon K-30, Kollidon CL, Citric acid, Fumaric acid

Carvedilol (1-(9H-carbazol-4-yloxy)-3-[[2-(2-methoxy-phe-

noxy)ethyl]amino]-2-propanol) is a nonselective β blocker

with both β1, β2 adrenoreceptor and β1 receptor blocking prop-

erties (McTavish et al., 1993; Dunn et al., 1997). Carvedilol

has reduced peripheral resistance and maintained peripheral

blood flow and renal blood rate gave an excellent level of

blood pressure lowering produced, results from beta-adreno-

ceptor blockade, vasodilation and α1-adrenoceptor blockade

(Robert et al., 1992; Tanwar et al., 2007). In clinical trials,

carvedilol reduced all-cause mortality, hospitalizations, sudden

death and death due to progressive heart failure in patients

(Dunn et al., 1997).

Metabolic properties of carvedilol in comparison with con-

ventional β-blocking compounds, in an attempt to examine

whether this particular agent could be still useful in the treat-

ment of hypertension (Mcphillips et al., 1988; Kim et al.,

2008). It has available as tablets for oral administration and has

25% of bioavailavility, 6~10 hours of biological half-life and

excretion through 16% of urine and 60% of digestive tract

after metabolic reaction in the liver. It reaches its highest

plasma level within 1.47 hours after dosage (Loftsson et al.,

2008; Neugebauer et al., 1987).

There is the crystalline reduction of the drug, specific sur-

face area increase according to the reducing particle size, and

wettability enhancement of the drug by the hydrophilic carrier

in the method improving the dissolution rate of the poorly

water soluble drug (Mura et al., 2002; Kubo et al., 1997;

Kawashima et al., 1975). Various methods to improve the dis-

solution of poorly water-soluble drugs have been reported. The

formation of solid dispersion using carrier is one of the meth-

ods (Sekiguchi et al., 1961; Leuner et al., 2000). Method of

solid dispersion was including fusion and solvent evaporation

method (Chiou et al., 1971; Hirasawa et al., 2003). The solvent

evaporation methods, such as coprecipitation, spray drying,

freeze drying and supercritical fluid method have been gen-

erally utilized in preparing solid dispersion.

Polyvinylpyrrolidone (PVP) is widely used in bonding agent

of capsules and tablets of solid dispersion. PVP is frequently

investigated hydrophilic polymeric carriers. It has interaction

with various organic molecular in solvent phase and sup-

pression mechanism of crystalline (Jeong et al., 2002; Jeong et

al., 2000). Crosslinked PVP is typically used as disintegration

agent in tablet, and it is reported that the disintegrating ability

of the tablet is influenced by variations in liquid uptake char-

acteristics (Shah et al., 2001). In case the content of the drug

is high, the tablet is not rapidly disintegrated and the drug is

slowly released. In this case, the disintegration of the tablet is
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smoothly done through the addition of the disintegrant and the

dissolution can be improved considerably (Srinarong et al.,

2009). In general, poorly water-soluble drugs are basic or

weakly acidic in nature. The acidifier reduces the crystallinity

of the drug and it makes the surface of the drug to the acid

state and improves the dissolution rate. For this reason, mod-

ulating the pH in dosage forms using acidifiers can modify the

release rate of poorly water-soluble drug (Doherty et al., 1989;

Siepe et al., 2006; Thao et al., 2010).

The aim of this study is to investigate about results of

carvedilol release according to kinds of acidifiers and the effect

of the ratio between acidifier and Kollidon K-30. Also we are

confirming the change of dissolution rate according to man-

ufacturing method of solid dispersion. The solid dispersions

were prepared by physical mixture, lyophilization and rotary

evaporator method. The crystallinity of carvedilol was con-

firmed by diffential scanning calorimetry (DSC) and X-ray dif-

fraction (XRD) analysis. Chemical structure characterized by

chemical combination of both carvedilol, PVP and Kollidon

CL was characterized by using Fourier transform infrared

spectroscopy (FT-IR). The dissolution rate of the tablets was

compared with Dilatrand® (ChongKunDang, Seoul, Korea). 

Material and Methods

Material

Carvedilol was purchased from Aurobindo Pharma Limited

(Andhra Pradesh, India) and Kollidon K-30 and Kollidon CL

were obtained from BASF (Ludwigshafen, Rheinland-Pfalz,

Germany). Fumaric and citric acid were purchased from Junsei

(Tokyo, JAPAN) and Sigma-Aldrich (Yongin, Korea), respec-

tively. Dilatrand® was obtained from ChongKunDang (Seoul,

Korea). The solvents used were of high performance liquid

chromatography (HPLC) grade. All other chemicals were of

analytical grade and were used without futher purification.

Preparation of solid dispersion

Carvedilol, Kollidon K-30 and Kollidon CL were taken in

ratio of Table I. Three different types of formulations were pre-

pared: (i) physical mixture, (ii) lyophilization and (iii) rotary

evaporator. Physical mixture was prepared by mixing with

spatula and motar gently. The samples were stored in a des-

iccator with silica gel for at least one day before performing

further experiments. Lyophilization with carvedilol and Kol-

lidon K-30 was dissolved in dimethylsulfoxide (DMSO) 20 mL

and then Kollidon CL was dispersed in the solution. Imme-

diately after mixing, the solution was frozen in liquid nitrogen

and then lyophilized.

Prepared samples were lyophilized in lyophilizer (FD-8508,

Ilsin, Yangju, Korea) with 8 mTorr at -55oC. After removed

from lyophilizer, samples were stored at the same conditions as

mentioned above. Carvedilol and Kollidon K-30 were dis-

solved in ethanol first, and then Kollidon CL was dispersed in

this solution. Mixing samples were evaporated in rotary evap-

orator (N-1000, EYELA, Tokyo, JAPAN). The prepared pow-

der was stored in desiccator until further use.

Tableting

The tablets incorporated carvedilol were manufactured by

Table I. The resultant mixture was directly compressed by flat

punches and dies with a MH-50Y CAP 50 ton. (Masada,

Tokyo, Japan). Weight and diameter of these tablets were

50 mg and 5 mm, respectively. The manufactured tablet was

stored in desiccator until futher use. 

Dissolution studies

The release behavior of the tablets were compared with Dil-

atrand. Dissolution studies were performed in triplicate with a

DST-610 dissolution tester (Labfine, Anyang, Korea). Dis-

solution studies were performed in 900 ml simulated gastric

Table I. Formulation of carvedilol tablets

Carvedilol
Kollidon 30
(PVP K30)

Kollidon CL
(crosslinked 

PVP)

Citric 
acid

Fumaric 
acid

Bat1 1 1 1

Bat2 1 3 1

Bat3 1 5 1

Bat4 1 7 1

Bat5 1 5 1 3

Bat6 1 5 1 6

Bat7 1 5 1 9

Bat8 1 5 1 3

Bat9 1 5 1 6

Bat10 1 5 1 9

Figure 1. Chemical structure of carvedilol.
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juice (pH 1.2) at 37 ± 0.5oC using the paddle method at a rota-

tion speed of 50 rpm according to the USP 26 Pharmacopoeia.

At 5, 10, 15, 30, 45, 60, 90 and 120 min, sample were with-

drawn and replaced with an equal volume of dissolution

media. The aliquot was immediately through 0.45 µm mem-

brane filter. The drug concentration was then determined by

HPLC.

HPLC analysis

The chromatographic analyses were performed on HPLC

system consisting of an NS-4000 HPLC system (Futecs, Dae-

jeon, Korea) linked to an NS-6000 Autosampler (Futecs, Dae-

jeon, Korea). The mobile phase was 650 mL DW with KH2PO4

1.77 g, adjustment to pH 2.0 with phosphoric acid, and mixing

with acetonitrile to a 50:50 (v/v%) ratio. The mobile phase was

used after removal of residual gas by ultrasonication. Carvedilol

was detected by absorbance at 240 nm, and confirmed using

Intersil® OSD-3 C18 (4.6150 mm, 5 µm, GL Science Inc, Tor-

rance, CA, USA). Each injection amount was set to 20 µL and

the flow rate at 1.5 mL/min.

Investigation of chemical structures by FT-IR

The spectra of the raw materials and mixtures containing

carvedilol by using an FT-IR spectrophotometer (GX, Perkin

Elmer, Waltham, MA, USA). The wavelength was set from

400 to 4000 cm-1 were recorded with a resolution of 2 cm-1.

Crystallinity studies by XRD and DSC

X-ray diffraction patterns were obtained using a XRD

(MAX 2500, Rigaku, Tokyo, Japan). The pattern range is

10~80o. Standard runs a 40 kV, a 30 mA, and a scanning rate

of 8o/min. Thermal analysis was conducted using DSC (DSC

Q20, TA Instruments-Waters LLC, Newcastle, DE, USA). The

samples were sealed in aluminum pans and heated rate of

10oC/min over a temperature range 40~240oC.

Results and Discussion

Preparation of carvedilol tablet

Carvedilol tablet was manufactured by direct powder com-

pression method. In order to facilitate the compression oper-

ation, when manufacturing the tablet by direct compression

method, magnesium stearate was used as lubricant for tablets

(Cui et al., 2002). Lubricant helps particulate matter to possess

high fluidity. It reduces mutual friction between the partic-

ulates and the friction. In addition, it facilitates tablet com-

pression and emission of the tablet in filler (Virtanen et al.,

2008; Guchardi et al., 2008; Mehrotra et al., 2007). Tablet was

manufactured in the size of 5 mm radius × 1 mm thickness.

Dissolution studiess

Tablets were evaluated by dissolution test according to the

method 2 (paddle method) which stated in the USP 26 Phar-

macopoeia after drying the freshly prepared samples. The dis-

solution profiles of the tablets were compared to the results of

pure drug and commercial drug. Figure 2 shows the disso-

lution results of the tablets by lyophilization method. It was not

completely dried with the lyophilization method the solid dis-

persion in manufacture acidifier and the viscosity was shown.

Therefore, in the lyophilization method, the batchs adding the

acidifier was excluded. Figure 2 shows about 20% enhanced of

dissolution rate in all batches compared to physical mixtures.

However, the dissolution result of the batch 4 was the highest

among with the result of the physical mixture differently.

Result of dissolution experiment shown in Figure 3 was eval-

uated dissolution rate of tablets by rotary evaporator method.

As a result of this, moreover, it could confirm that dissolution

rate of the batch which does not add the acidifier is improved

in comparison with the physical mixture with about 20%.

However, the physical mixture and lyophilization the disso-

lution rate of the batch 2 was the highest among.

Figure 4 shows that the dissolution results of physical mix-

ture. The dissolution rate of the batchs 1~10 were higher than

the pure drug was revealed, but the batchs 1~4 which does not

add the acidifier showed the lower dissolution rate than the

commercial drug. The dissolution rate of carvedilol in this for-

mulation was improved in presence citric acid or fumaric acid.

The results showed that the acidifiers can lead to improved dis-

solution rate and the fumaric acid provides more efficient dis-

Figure 2. Dissolution behavior of lyophilization mixture in sim-
ulated gastric juice pH 1.2 (n=3).
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solution of the tablets. However, the addition of too much

acidifier can lead to decrease dissolution rate in the batches of

same condition. Base on these results, the dissolution rate

could be improved through the addition of the acidifier.

In case of adding acidifier, the dissolution rate was reduced

as the ratio of the acidifier increased equally with the result in

the physical mixture. However, the dissolution rate of the batch

5 adding citric acid with the result of the physical mixture dif-

ferently was the highest among. Comparing the results with the

same polymer and acidifier, the results showed a significant

difference of release rate depending on the amount and man-

ufacturing method. Furthermore, the manufacturing method

could be affected by different acidifiers. Based on the result,

we confirmed that the manufacturing methods and acidifiers

could help increasing dissolution rate of drugs.

Crystallinity studies

Figures 5~7 show the crystalline structures of carvedilol,

additives and mixtures using DSC. In Figure 5, the crystalline

peak of the carvedilol and citric acid were observed in 120oC

and 160oC, respectively. However, the crystalline peak of the

Kollidon K-30, Kollidon CL and fumaric acid was not

observed. The Figure 5 (f)~(i) was the result of DSC of the

lyophilization method. Based on the DSC results, the dis-

solution rate was improved by the disappearance of the crys-

talline of the carvedilol. The crystalline peak of the carvedilol

and citric acid were confirmed by the results of DSC of the

Figure 3. Dissolution behavior of rotary evaporator mixture in sim-
ulated gastric juice pH 1.2 (n=3).

Figure 4. Dissolution behavior of physical mixture in simulated
gastric juice pH 1.2 (n=3).

Figure 5. DSC thermograms of (a) carvedilol, (b) Kollidon k-30, (c)
kollidon CL, (d) citric acid, (e) fumaric acid and lyophilization (f)
batch 1, (g) batch 2, (h) batch 3 and (i) batch 4.

Figure 6. DSC thermograms of rotary evaporator (a) batch 1, (b)
batch 2, (c) batch 3, (d) batch 4, (e) batch 5, (f) batch 6, (g) batch
7, (h) batch 8, (i) batch 9 and (j) batch 10.
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mixture which the Figure 6 manufactures with the rotary evap-

orator in all batches to disappear. As the Figure 7, the crys-

talline peak of the carvedilol was confirmed by the results of

DSC of the physical mixture in the (a)~(d) to be weakly

observed. However, the crystalline peak of the carvedilol was

confirmd in Figure 7 (e)~(g) adding the citric acid to be

observed. However, the crystalline peak of the carvedilol was

not confirmd in the case of Figure 7 (h)~(j) adding the fumaric

acid.

Figures 8~10 shows the XRD patterns of carvedilol, addi-

tives and mixtures. In Figure 8, diffraction peak of the

carvedilol and fumaric acid was observed. Through this, it can

be confirmed that carvedilol and fumaric acid was crystalline

state. We confirmed that the mixture through the lyophilization

method was the amorphous state like the results of DSC. Fig-

ure 9 was the XRD analysis result of the mixture through the

rotary evaporator. The diffraction peak of the fumaric acid

reduced but to be still observed. In addition, the increase in the

acidifier ratio has an effect of reduction on the dissolution rate.

In the physical mixture analysis result in Figure 10, the dif-

fraction peak of the carvedilol, citric acid and fumaric acid

were still observed. The remaining crystalline of the physical

mixture was the cause for the dissolution rate lower than the

other method.

Investigation of chemical structures

The Figures 11~13 showed the FT-IR spectra of drugs to

Figure 7. DSC thermograms of physical mixture (a) batch 1, (b)
batch 2, (c) batch 3, (d) batch 4, (e) batch 5, (f) batch 6, (g) batch
7, (h) batch 8, (i) batch 9 and (j) batch 10.

Figure 8. XRD spectra of (a) carvedilol, (b) Kollidon k-30, (c) kol-
lidon CL, (d) citric acid, (e) fumaric acid and lyophilization (f) batch
1, (g) batch 2, (h) batch 3 and (i) batch 4.

Figure 9. XRD spectra of rotary evaporator (a) batch 1, (b) batch 2,
(c) batch 3, (d) batch 4, (e) batch 5, (f) batch 6, (g) batch 7, (h) batch
8, (i) batch 9 and (j) batch 10.

Figure 10. XRD spectra of physical mixture (a) batch 1, (b) batch
2, (c) batch 3, (d) batch 4, (e) batch 5, (f) batch 6, (g) batch 7, (h)
batch 8, (i) batch 9 and (j) batch 10.
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confirm the physicochemical interaction and structure change

between carvedilol and additives. Figure 11 shows the FT-IR

spectra of pure drug, additives and mixture with lyophilization

method. We confirmed that the carvedilol has a functional

peak in between 3,200 ~ 3,500 cm-1 for the N-H stretching.

Moreover, it could confirmed that the C=O bond and C-H

band of Kollidon K-30 showed a peak at 1650 cm-1 and at

2950 cm-1 respectively (Oh et al., 2011). In contrast, we

observed the FT-IR spectrums which are the mixture of lyo-

philization (Figure 11) and rotary evaporator (Figure 12) have

not shown the N-H bond peaks of carvedilol between 3,200 ~

3,500 cm-1. In these results, we determined that the inter-

molecular interaction of the carvedilol and Kollidon K-30 was

generated indicating the chemical structure change. However,

the N-H bond in FT-IR spectrum of physical mixture with

carvedilol was still observed with the unchanged chemical

structure.

Conclusion

This research tried to inquire into the change of dissolution

rate according to the addition of the citric acid and fumaric

acid as acidifier and the change of dissolution rate of the

carvedilol according to the ratio of the water soluble polymer

phosphorus Kollidon K-30 and acidifier. In addition, we con-

firmed the dissolution rate was changed by the manufacturing

method of the carvedilol mixture with the same component.

In the case of the dissolution rate change according to the

manufacturing method, it could confirm that dissolution rate of

the rotary evaporator mixture and lyophilization mixture

increases about 20% in comparison with the physical mixture.

As shown in DSC and XRD results, this result can be con-

sidered that dissolution rate increased due to its crystalline

form of the drug changes into the amorphous state. The dis-

solution rate change according to the acidifier, 20~40 % for

physical mixture and 15~25% for rotary evaporator were

increased rather than physical mixture which doesn’t add the

acidifier. Particularly, in the case of the physical blend, it is

considered that dissolution rate increases due to the surface pH

change of the drug by the acidifier without the crystalline of

the drug as shown in DSC and XRD result. However, the ratio

Figure 11. FT-IR spectra of (a) carvedilol, (b) Kollidon k-30, (c)
kollidon CL, (d) citric acid, (e) fumaric acid and lyophilization (f)
batch 1, (g) batch 2, (h) batch 3 and (i) batch 4.

Figure 12. FT-IR spectra of rotary evaporator (a) batch 1, (b) batch
2, (c) batch 3, (d) batch 4, (e) batch 5, (f) batch 6, (g) batch 7, (h)
batch 8, (i) batch 9 and (j) batch 10.

Figure 13. FT-IR spectra of physical mixture (a) batch 1, (b) batch
2, (c) batch 3, (d) batch 4, (e) batch 5, (f) batch 6, (g) batch 7, (h)
batch 8, (i) batch 9 and (j) batch 10.
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of the acidifier was 50% of the drug, in the comparison of dis-

solution rate according to the ratio of the acidifier, confirmed

dissolution rate was the highest among.
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