
CHAPTER III
MATERIALS AND METHODS

M a ter ia ls

1. Andrographolide (Faculty o f Pharmaceutical Science, Chulalongkorn 

University).

2. Gelatin (Srichand United Dispensary Co.. LTD., Thailand).

3. Acacia (Srichand United Dispensary Co., LTD., Thailand).

4. Sodium alginate (Srichand United Dispensary Co., LTD., Thailand).

5. Carragenan (System Bio-Industries Co., Thailand).

6. Pectin (System Bio-Industries Co., Thailand).

7. Xanthan gum (System Bio-Industries Co., Thailand).

8. Locust bean gum (System Bio-Industries Co., Thailand).

9. Glycerine (Srichand United Dispensary Co., LTD., Thailand).

10. Formaldehyde solution 37% พ/พ (Lab-Scan).

11. Hydrochloric acid (HCl) (BDH Chemicals Ltd.).

12. Isopropanol (IPA) (Merck).

13. Methanol (MeOH) (Merck).

14. Deionized water.

Equipment

1. A variable-speed stirring motor fitted with a four-blade stirring shaft 

(Model RW20DZM, GmbH&Co., Germany).

2. Hotplate magnetic stirrer (Model 34532, Snijderes, Japan).

3. Centrifuge (Model 4206, ALC, Italy).

4. Vacuum pump (Model DOA-V130-BN, Waters, USA).

5. Optical microscope (Model KHC 211409, Olympus, Japan).

6. Ocular piece (Model Ocular P7X Micro, Olympus, Japan).
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7. O bjective m icrom eter (O lym pus. Japan).
8. M icroscope equipped w ith  cam era (L eitz . G erm any).
9. Scanning electron m icroscop e (JEOL J S M -5 8 0 0 L V , Japan).
10. U V /V is ib le  spectrophotom eter (M od el 7 8 0 0 . printer M odel P T L -3965 , 

Jasco, Japan).
11. pH m eter (M odel 4 2 0 A , O R IO N . U S A ).
12. H ot air oven  (M em m ert, G erm any).

Methods

3.1 Preparation of Andrographolide Microcapsules

The m icrocapsu les o f  andrographolide w ere prepared by a com p lex  
coacervation  technique. The solu tion  o f  andrographolide in 2% พ /พ  acacia  solution  
w as em u lsified  in the 50 +  l ° c ,  2%  พ /พ  gelatin  so lu tion , in w h ich  its pH w as  
p rev iou sly  adjusted to 4 by the gradual dropw ise addition o f  HC1 so lu tion  w h ile  
stirring w as m aintained at 1500 rpm for 45 m in. A fter 45  m in, the m ixture w as coo led  
to 5 ° c  in an ice  bath w h ile  m aintaining agitation. F orm aldehyde so lu tion  w as added  
to the m ixture w h ile  co o lin g  and m aintaining agitation for various hardening tim es. 
T he m icrocapsu les w ere then separated by vacuum  filtration using a B uchner funnel 
and w ashed  w ith  IPA to dehydrate. F inally , the prepared m icrocap su les w ere dried. 
T he schem atic o f  the m ethod o f  preparation is illustrated in Figure 3-1 .

The fo llo w in g  m icrocapsu les w ere prepared u sin g  the ab ove procedure to 
in vestigate  the effec ts  o f  form ulation variables on properties o f  andrographolide  
m icrocapsu les.

3.1.1 Effect of Negative Charge Polymer

The m icrocap su les o f  andrographolide w ere prepared using  various 
n egative  charge polym ers; i.e. acacia, sod ium  alginate, carragenan, pectin , xanthan  
gum  and locust bean gum  w h ile  other factors w ere controlled . T he controlled  factors
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used w ere 1:1 core to wall ratio, 120 m inutes o f  hardening tim e, and 5 ml o f  
form aldehyde solution. The m icroencapsulation w as perform ed in the sam e m anner as 
3.1 . The effect o f  negative charge polym er providing a p ow d er-lik e form  o f  
andrographolide m icrocapsules w as se lected  to evaluate the e ffect o f  gelatin  to  
n egative  charge polym er ratio in 3 .1 .2 .

3.1.2 Effect of Gelatin to Negative Charge Polymer Ratio

The m icrocapsules o f  andrographolide w ere prepared u sin g  various 
w eigh t ratios o f  gelatin  and n egative  charge polym er; i.e. 4 0 :6 0 , 5 0 :5 0  and 6 0 :40  
w h ile  other factors w ere controlled. The m icroencapsulation w a s perform ed in the  
sam e m anner as 3 .1 . The gelatin  to  negative charge polym er ratio providing the  
high est y ie ld  o f  andrographolide m icrocapsu les w as se lected  to  evaluate the e ffec t o f  
core to w all ratio in 3 .1 .3 .

3.1.3 Effect of Core to Wall Ratio

The m icrocapsu les o f  andrographolide w ere prepared u sin g  various  
w eigh t ratios o f  andrographolide (core material) to gelatin  and n egative  charge  
polym er (w all m aterial), i.e. 1:1, 1:2 and 1:3 by varying the am ount o f  w all material 
and k eep in g  the am ount o f  core material constant. The other factors w ere  controlled  
and the procedure w as continued in the sam e m anner as 3 .1 . The core to  w all ratio 
provid ing the h ighest y ie ld  o f  andrographolide m icrocapsules w a s se lec ted  to  evaluate  
the effect o f  hardening tim e in 3 .1 .4 .



Figure 3-1 Schem atic o f  com p lex  coacervation technique for the m icroencapsulation
o f  andrographolide m icrocapsu les
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3.1.4 Effect of Hardening Time

The m icrocapsu les o f  andrographolide w ere prepared using  various  
hardening time; i.e. 60 , 120 and 180 m in w h ile  other factors w ere controlled . The 
m icroencapsulation w as perform ed in the sam e m anner as 3 .1 . The hardening tim e 
providing the h ighest y ie ld  o f  andrographolide m icrocap su les w as se lected  to evaluate  
the effect o f  am ount o f  hardening agent in 3 .1 .5 .

3.1.5 Effect of Amount of Hardening Agent

The m icrocapsu les o f  andrographolide w ere prepared using  various  
am ounts o f  hardening agent; i.e . 5, 10 and 15 ml w h ile  other factors w ere controlled . 
The m icroencapsulation w as perform ed in the sam e m anner as 3.1.

The sum m ary o f  the form ulations that w ere used  to prepare 
m icrocapsules o f  andrographolide according to 3 .1 .1 . 3 .1 .2 , 3 .1 .3 , 3 .1 .4  and 3 .1 .5  are 
show n in T ables 3-1.

3.2 Evaluation of Andrographolide Microcansules

3.2.1 Physical Properties

3.2.1.1 The m icrocapsu les w ere v isu a lly  observed  for their physical 
appearances. The co lor  and aggregation  o f  particles w ere recorded.

3 .2 .1 .2  T he m orphology o f  the m icrocap su les w as ob served  under 
m icroscop e w ith  cam era and scanning  electron  m icroscop e (SEM). T he m icrocap su les  
o f  andrographolide w ere e lectrica lly  non -con d u ctive  sp ecim en , therefore, before  
observed  under SE M , their surface m ust be subjected to go ld  coating  by the use o f  an 
ion sputtering d ev ice  after fixed  on  the specim en  stub. T hen, photographs o f  coated  
sam ples w ere taken under the SEM .
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T a b le  3 -1  Formulation o f andrographolide microcapsules

N o.
T ypes o f  

n egative  charge  
polym er

G elatin  : negative - 
charge polym er  

ratio

Core ะ w all 
ratio

H ardening
tim e
(m in)

A m ount o f  
hardening  
agent (m l)

1 acacia 50  ะ 50 1 ะ! 120 5
2 sodium  alginate ' 50  ะ 50 1 ะ 1 120 5
3 carragenan 50 : 50 1 ะ 1 120 5
4 pectin 50  ะ 50 1 ะ! 120 5
5 xanthan gum 50  : 50 1 ะ 1 120 5
6 locu st bean gum 50 : 50 1 ะ 1 120 5
7 acacia 4 0  ะ 60 1 ะ 1 120 5
8 acacia 60  ะ 40 1 ะ 1 120 5
9 acacia 50  : 50 1 ะ 2 120 5
10 acacia 50  :50 1 ะ 3 120 5
11 acacia 50  : 50 1 ะ 2 60 5
12 acacia 50  ะ 50 1 ะ 2 180 5
13 acacia 50  : 50 1 ะ 2 120 10
14 acacia 50  ะ 50 1 ะ 2 120 15

3 .2 .1 .3  The particle s ize  o f  m icrocap su les w as m easured u sin g  an optical 
m icroscop e w ith an ocular sca le  that has already b een  calibrated w ith  an objective  
m icrom eter. O ne hundred particles w ere determ ined for each sam ple.

3.2.2 Preparation of Standard Curve

A bout 10 m g  o f  andrographolide w as accurately w e ig h ed , d isso lv ed  and  
diluted w ith  m ethanol in 100 m l vo lum etric flask . Appropriate d ilu tions w ere then  
m ade w ith  m ethanol to obtain standard so lu tion s o f  0 .8 ,1 .0 , 1.2, 1.4, 1.6, 1.8 and 2 
mg% . T he absorbances o f  th ese  so lu tion s w ere determ ined at the w avelen gth  o f  224  
nm , the Xmax o f  andrographolide, w ith  U V /V is ib le  spectrom eter, using  m ethanol as a
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blank. The relationship between absorbance and concentration was fitted using linear 

regression analysis.

3.2.3 Yield

An amount o f the produced microcapsules was weighed and % yield was 

calculated according to equation (7).

% Yield = Wt o f produced microcapsules ( g )  X 100 (7)

Theoretical Wt o f microcapsule (ร)

Where

Theoretical wt (g) = Wt o f andrographolide (g) + Wt o f gelatin (g)

+ Wt o f negative charge polymer (g) (8)

3.2.4 Drug Content and Drug Entrapment

In order to determine the total drug content o f the microcapsules, the 

method o f assay for andrographolide was adapted. About 10 mg o f andrographolide 

microcapsules was accurately weighed and crushed with methanol in the mortar. The 

extraction was then filtered to separate the shell fragments and diluted with methanol 

to appropriate concentration. The dilution was measured at an absorbance o f 224 nm 

with UV/Visible spectrometer, using methanol as a blank. The amount o f 

andrographolide was determined from the standard curve and the percentage o f drug 

content and drug entrapped were calculated using equations 9 and 10. respectively.

% D rug content =  A m ount o f  andrographolide X  100 (9 )
Amount o f microcapsules

% Drug Entrapped = % Drug content X 100 (10)

% Theoretical content
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where

% Theoretical content

W t o f  andrographolide (g) X 100 ( I I )

W t o f  andrographolide (g) +  W t o f  gelatin (g) +  W t o f  negative charge po lym er (g)

3.2.5 Release Characteristics

An aqueous solution o f HC1 solution (pH = 5) was used as the 

dissolution medium. About 200 mg o f microcapsules were accurately weighed and 

transferred into 750 ml o f dissolution medium, which was maintained at 37 + 0.1 °c 

and stirred at a constant stirring rate o f 300 rpm. Five-m illiliter samples were 

withdrawn at appropriate time intervals and immediately replaced with fresh 

dissolution medium. The samples were then filtered and diluted with the dissolution 

medium to an appropriate concentration. The concentrations o f andrographolide were 

then determined using a u v  spectrophotometer at a wavelength o f 224 nm. The mean 

percentage o f andrographolide released, which was based on the total drug in the 

sample determined after each dissolution test as 100%, and standard deviation were 

computed. The mean percentage o f andrographolide released was plotted against time 

(min) to obtain release profiles. Finally, the drug release profiles were fitted to 

Higuchi square root o f time model according to equation (6). The correlation 

coefficient (r) and release rate constant (K) were calculated from an appropriate 

portion o f the plots. Each release determination was performed in triplicate.

3.3 Stability of Andrographolide Microcapsules

3.3.1 Physical Stability Evaluation

The physical properties o f microcapsules, which included the color and 

aggregation o f particles, were observed when the microcapsules were stored at room 

temperature for 3 months in both protected from light condition (in amber-glass 

bottle) and nonprotected from light condition (in clear-glass bottle).
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3.3.2 Chemical Stability Evaluation

The microcapsules were stored at room temperature for 3 months in 

both protected from light condition (in amber-glass bottle) and nonprotected from 

light condition (in clear-glass bottle). The sample was drawn and assayed 

occcasionally using the technique according to 3.2.4. The percentage o f drug 

remaining was calculated using equation 12.

% Drug remaining = % Drug content at time t X 100 (12)

% Drug content at initial time
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