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Introduction
     It is common in Ukraine to use herbal sub-
stances as active ingredients in the com-
pounding of preparations. One of the more 
common and widely used examples is a semi-
solid stock preparation for the treatment of 
hemorrhoids.1 It is applied topically as a mul-
ticomponent ointment. The active ingredi-
ents of the multicomponent ointment are the 
herbal substances calendula tincture and 
arnica tincture. These herbals contribute to 
wound healing, hemostasis, anti-inflamma-
tion, antisepsis, and light anesthetic activities 
to the therapeutic effect of the ointment. The 
composition/formula of the ointment has 
been provided for the reader.
     One of the requirements of quality assur-
ance of a compounding preparation is the 
investigation of its stability. By the results of 
stability investigation, the beyond-use date 
(BUD) and the storage condition of the oint-
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ment can be determined and ensured. The 
purpose of this stability study was to deter-
mine the BUD and storage conditions of the 
ointment by use of the ointment’s physical 
appearance and identification tests.
     The investigation of the stability of the 
ointment was conducted according to the 
requirements of existing International Con-
ference on Harmonization’s guidance on sta-
bility,2,3 specific herbal guidelines on 
stability,4-8 peer-reviewed articles on stabil-
ity testing of herbal medicinal products 
(HMPs),9 and features of BUD determina-
tion of extemporaneous formulations.10

     Taking into account the nature of active 
ingredients of the ointment, which are a 
complex mixture of phytochemical constitu-
ents, the thin-layer chromatography (TLC) 
method was chosen for the stability investi-
gation of identification tests. The high-per-
formance thin-layer chromatography 
(HPTLC) method is a particularly suitable 
tool for stability tests on HMPs, including 
multicomponent HMPs.11 
     For identification tests, two groups of con-
stituents were chosen: 1) flavonoids and 2) 
calendulosides. Flavonoids are a character-
istic group of substances for initial herbal 
raw materials of ointment, such as flowers of 
calendula and flowers of arnica. According to 
the leading international pharmacopeias and 

specialized pharmacognosy publications, 
flowers of calendula and arnica are standard-
ized by the flavonoids pattern.12-14 Calendulo-
sides are specific for calendula flowers.13 Thus, 
the TLC-identification test of calendulosides 
is used in the monographs of the State Phar-
macopeia of Ukraine (SPU) on tincture of 
calendula.15 Also, flavonoids and calendulo-
sides are active groups of marker substances of 
the ointment.
     According to a reflection paper on markers,5 
since the herbal substance in its entirety is 
regarded as the active substance, a mere deter-
mination of the stability of the marker will not 
suffice. The stability of other substances 
present in the herbal substance, should, as 
thoroughly as possible, also be demonstrated. 
Thus, the flavonoid’s and calenduloside’s TLC 
fingerprints were used for stability purposes 
for identification tests of the ointment.

Materials and Methods
     All solvents and reagents used in the study 
were analytical reagent grade, and all reagents 
used in the study were freshly prepared.
     Samples of the ointment for stock prepara-
tion (Batches 328, 329, 330) were obtained 
from drugstore No. 63, Kupyansk, Ukraine. 
Samples of the active ingredients were calen-
dula tincture (Batch 10312; Yan, Zhytomyr 
Region, Ukraine) and arnica tincture (Batch 
10780; DKP Pharmaceutical Factory, Zhyto-
myr, Ukraine).
     Reference standards used were Rutin (Lot 
10808; State Pharmacopeia of Ukraine, 
Kharkiv, Ukraine); chlorogenic acid (Lot 
A0285833; Acros Organics, Geel, Belgium); 
Hyperoside (Lot 271109; State Pharmacopeia 
of Ukraine); Vitexin (Lot 150910; State Phar-
macopeia of Ukraine); and Calendulosides 
(Lot 1; State Pharmacopeia of Ukraine).
     Used in the study were 50 HPTLC 20 × 10 
plates, silica gel 60 F254 (Lot OB526793; Merck 
KGaA, Darmstadt, Germany); a TLC develop-
ment chamber (Latch-Lid ChromatoTank 
Unit, Model 80-33; GGC, Richmond, Califor-
nia); a TLC syringe 50 mcL (Model 1705 N 
SYR, Cemented NDL, 22 gauge, 2 inch, point 
style 3T; Hamilton Bonaduz AG, Bonaduz, 
Switzerland); a UV lamp (Model CM-10, Serial 
No. 1783400; Spectroline, Westbury, New 
York); a drying oven (Model 2III-0-01; Med-
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labortechnik, Odessa, Ukraine); and measuring ware provided by 
Simax (Kavalierglass, Co. Ltd., Sázava, Czech Republic).
     The reagents used in the study were diphenylborinic acid aminoeth-
ylester (Lot BCBH6834V; Sigma-Aldrich Chemie GmbH, Steinheim, 
Germany); polyethylene glycol (Lot 101292061; Allchem, Kharkiv, 
Ukraine); and anisaldehyde (Allchem, Kharkiv, Ukraine). 

Methods of Preparation
Thin-layer Chromatographic Identification Test 
Sample Solution

1.	 Transfer about 10 g of ointment, accurately weighed, to a 50-mL 
conical flask.

2.	 Add 10 mL of alcohol (70% V/V) to the ointment.
3.	 Heat on a boiling water-bath for 3 to 5 minutes, shaking frequently 

until the ointment base melts.
4.	 Cool the mixture on an icy bath.
5.	 Filter through a plug of absorbent cotton into a 50-mL volumetric 

flask.
6.	 Transfer the adsorbent cotton with the drug residue back into the 

50-mL conical flask.
7.	 Repeat the extraction three times with 10 mL, 15 mL, and 15 mL of 

alcohol (70% V/V) using the method described above.
8.	 Rinse the 50-mL conical flask and filter with an additional quan-

tity of alcohol (70% V/V).
9.	 Transfer to the same 50-mL volumetric flask.
10.	 Dilute to volume with alcohol (70% V/V).
11.	 Evaporate the solution to dry residue.
12.	 Dissolve the residue in 1 mL of alcohol (70% V/V). 

Method A: Flavonoids
Standard Solution 1 (Optional) 

     Dissolve 2.5 mg rutin, 2.5 mg hyperoside, and 1 mg chlorogenic acid 
in 10 mL of methanol.

Standard Solution 2 (Optional) 

     Mix thoroughly 2 mL of calendula tincture and 2 mL of arnica tincture.

Derivatization Reagent 

     Natural Products (NP)/PEG Spraying Solution
NP reagent: 1 g of diphenylborinic acid aminoethylester is dissolved in 
100 mL methanol. 
     Macrogol reagent: 5 g of PEG-400 (International Nonproprietary 
Name; macrogol) is dissolved in 100 mL of methanol.

Chromatographic Conditions 

     Stationary phase: HPTLC plates silica gel 60 F254 of appropriate 
size (10 × 10 cm or 20 × 10 cm)
     Mobile phase: Ethyl acetate:anhydrous formic acid:glacial acetic 
acid:water (100:11:11:27)
     Sample application: 10 mcL of sample solution and 4 mcL of stan-
dard solution are applied as 8-mm bands, min 2 mm apart, 10 mm from 

Rx
H e m o r r h o i d  C r e a m

List of Ingredients (Ukraine)a

Calendulae Tincturae			              2 mL

Arnicaicae tincturae			              2 mL

Lanolini					            12.0 g

Vaselini					             8.0 g

List of Ingredients (Translated in English)

Marigold Tincture				               2 mL

Arnica tincture				               2 mL

Lanolin					            12.0 g

Vaseline					             8.0 g

aIn Ukraine, all prescriptions are required to be written in Latin.

Photo provided by the authors: 
Sample of the Packaged and 
Labeled Compounded Marigold 
Tincture Ointment

lower, left, and right edges of 
plate.
     Development: Chromato-
graphic chamber, saturated 
for 30 minutes with filter 
paper, developing distance 
60 mm from lower edge of 
plate. The plate is then dried 
with a hair dryer (cold air) for 
five minutes.  
     Detection: The plate is 
heated at 100°C for 3 minutes, 
then sprayed while still hot in 
NP reagent, dried in a stream 
of cold air, then sprayed in 
macrogol reagent.
     Examination under UV 
365 nm.

Results 

     The chromatogram obtained 
with the reference solution shows in the middle part, in order of 
increasing RF values, a yellowish-brown fluorescent zone (rutin), a 
light-blue fluorescent zone (chlorogenic acid), and a yellowish-brown 
fluorescent zone (hyperoside).
     The chromatogram obtained with the sample solution shows a yel-
lowish-brown fluorescent zone of low intensity corresponding in 
position to the zone due to rutin in the chromatogram obtained with 
the reference solution; below and directly above it, it shows a yellow-
ish-green fluorescent zone and a light-bluish fluorescent zone corre-
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sponding to the zone due to chlorogenic acid 
in the chromatogram obtained with the ref-
erence solution; it shows two yellowish-
brown fluorescent zones below and above 
the zone corresponding to the zone due to 
hyperoside in the chromatogram obtained 
with the reference solution; it shows the 
light-bluish fluorescent zone in the upper 
part. Further zones are present.

Method B: Calendulosides 
Standard Solution 1 

     Sonicate 5.0 mg of calendulosides with      
5 mL of methanol for 10 minutes. Use 
supernatant after centrifugation.

Standard Solution 2 (Optional) 

     Mix thoroughly 2 mL of calendula tincture 
and 2 mL of arnica tincture.

Derivatization Reagent

     Anisaldehyde-sulfuric Acid Spraying 
Solution
     Carefully add 10 mL of sulfuric acid to an 
ice-cooled mixture of 170 mL of methanol 
and 20 mL of acetic acid. To this solution, 
add 1 mL of anisaldehyde.

Chromatographic Conditions 

     Stationary phase: HPTLC plates silica gel 
60 F254 of appropriate size (10 × 10 cm or 
20 × 10 cm).
     Mobile phase: Chloroform:glacial acetic 
acid:methanol:water (35:16:6:4)

     Sample application: 10 mcL of sample 
solution and 5 mcL of standard solution are 
applied as 8-mm bands, min 2 mm apart, 10 
mm from lower, left, and right edges of plate.
     Development: Chromatographic chamber, 
saturated for 30 minutes with filter paper, 
developing distance 60 mm from lower edge 
of plate
     Detection: The plate is sprayed, dried in cold 
air, and heated at 100°C for 2 to 5 minutes. 
     Examination in white light. 

Results 

     The chromatogram obtained with the ref-
erence solution shows in the middle part two 
violet bands (calendulosides).
     The chromatogram obtained with the 
sample solution shows two violet zones due 
to calendulosides in the chromatogram 
obtained with the reference solution; it 
shows two intense violet zones in the lower 
part. Further zones are present.

Stability Study 
     Samples of the ointment (three batches) 
were subjected to stability tests at refriger-
ated temperature (t = 5±3°C) and ambient 
condition (t = 25±2°C, RH 60±5%) over two 
months. The samples of ointment were 
packed in amber-colored, glass containers 
(20 mL). Also, the samples of the ointment 
were stressed with light (t = 25±2°C, light) 
and accelerated condition (t = 40±2°C, RH 

75±5%). Stability tests were conducted imme-
diately after preparation, after 14 days, one 
month, and two months. Thus, the samples of 
the ointment were stored by storage condition: 
t = 5±3°C; t = 25±2°C, RH 60±5%; t = 40±2°C, 
RH 75±5% in protected from light place and t = 
25±2°C in light place. The stability of the oint-
ment under such conditions over two months 
has been investigated. The evaluation parame-
ters were appearance and identification tests. 
At each test point, a sample was taken and ana-
lyzed. Physical stability of the samples of the 
ointment was assessed by means of visual 
observation in normal room light and the integ-
rity of its container. Stability of identification 
tests of the samples of the ointment was ana-
lyzed according to validated TLC methods. At 
the end of the test period, results of all samples 
were compared.

Forced Degradation Study 
     Environmental factors such as temperature, 
light, air, and humidity can affect stability.16 To 
obtain information about the instability of the 
ointment during the storage period, the forced 
degradation of its active substances was 
carried out. The active substances of the oint-
ment were stressed under forced degradation. 
For stress degradation, a mixture of equal 
quantities of calendula tincture and arnica 
tincture were used. It was stressed with the fol-
lowing: 0.1 M NaOH, 0.1M HCl, H2O2 3%, NH3 
(170 g/L).
     Alkaline degradation: Add 0.2 mL of 0.1 M 
NaOH to 2 mL of a mixture of tinctures; mix 
thoroughly.
     Acidity degradation: Add 0.2 mL of 0.1 M 
hydrochloride to 2 mL of a mixture of tinctures; 
mix thoroughly.
     Oxidative degradation: Add 0.2 mL of H2O2 3% 
to 2 mL of a mixture of tinctures; mix thoroughly.
     Degradation: Add 0.2 mL of NH3 (170 g/L) to 
2 mL of a mixture of tinctures; mix thoroughly.
     The forced degradation solutions were kept 
at room temperature for a period of 24 hours 
and used for tests.

Results and Discussion
     The stability of the active ingredients of the 
ointment and samples of the ointment submit-
ted for stability study by the identification test 

Table 1. Stability Tests on the Ointment Over a Period of Two Months 
Under Forced Degradation.
	 A cc  e ptanc     e 		t   ° 	t  ° 	t  ° 	 L ight  
T e st	   C rit   e ria	    T im  e 	 5 ± 3 ° C 	 2 5 ± 2 ° C 	 4 0 ± 2 ° C 	 2 5 ° C

Physical	 Thick, viscous	 0 Days	 +	 +	 +	 +
appearance	 mass of yellow	 14 Days	 +	 +	 -	 +
	 color	 1 Month	 +	 +	 -	 +
		  2 Months	 +	 +	 -	 +

Identification	 According to	 0 Days	 +	 +	 +	 +
TLC.	 Method A	 14 Days	 +	 +	 -	 -
Flavonoids		  1 Month	 +	 +	 -	 -
		  2 Months	 +	 -	 -	 -

Identification	 According to	 0 Days	 +	 +	 +	 +
TLC.	 Method B	 14 Days	 +	 +	 -	 -
Calendulosides		  1 Month	 +	 +	 -	 -
		  2 Months	 +	 -	 -	 -

+ = met the requirements
- = did not meet the requirements
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(A) Flavonoids fingerprint. Mobile Phase: ethyl acetate: anhy-
drous formic acid:glacial acetic acid:water (100:11:11:27). Developer: 
Natural Products reagent, UV 365 nm 
(B) Calendulosides fingerprint. Mobile Phase: chloroform: 
glacial acetic acid:methanol:water (35:16:6:4). Developer: Anisalde-
hyde-sulfuric acid reagent, white-light 

Track assignment (A): 1. Sample of ointment (storage condition: 
t = 25±2°C), 10 mcL; 2. Sample of ointment (storage condition: 
t = 25±2°C, light), 10 mcL; 3. Sample of ointment (storage condition: 
t = 40±2°C), 10 mcL; 4. Control sample of ointment, 10 mcL; 5. Refer-
ence substances: rutin, chlorogenic acid, hyperoside, and vitexin 
(increasing RF), 4 mcL; 6. Sample of mixture of calendula and arnica 
tinctures, 5 mcL. Tracks 7 to 10, samples of ointment (mixture of 
tinctures), stressed with the following: 7. Sodium hydroxide, 5 mcL; 
8. Hydrochloric acid, 5 mcL; 9. Hydrogen peroxide, 5 mcL; 10. 
Ammonia, 5 mcL

Track assignment (B): 1. Sample of ointment (storage condition: 
t = 40±2°C), 10 mcL; 2. Sample of ointment (storage condition: t = 
25±2°C, light), 10 mcL; 3. Control sample of ointment, 10 mcL; 4. 
Calendulosides A & B, 7 mcL; 5. Sample of mixture of calendula and 
arnica tinctures, 5 mcL. Tracks 6 to 8, samples of ointment (mixture 
of tinctures), stressed with the following: 6. Sodium hydroxide, 5 
mcL; 7. Hydrochloric acid, 5 mcL; 8. Hydrogen peroxide, 5 mcL

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8

Figure 1. Forced degradation experiments of 
ointment containing tinctures of calendula and arnica.

(A) 

(B) 

1 11111
Test Initial 1 Month 2 Months Test Initial 1 Month 2 Months

Figure 2. Stability test on the 
ointment containing tinctures of 
calendula and arnica over a period 
of two months. 

Storage condition 5±3°C: 
(A) Flavonoids fingerprint. Mobile 
Phase: ethyl acetate:anhydrous formic 
acid:glacial acetic acid:water 
(100:11:11:27). Developer: Natural 
Products reagent, UV 365 nm 
(B) Calendulosides fingerprint. 
Mobile Phase: chloroform:glacial acetic 
acid:methanol:water (35:16:6:4). 
Developer: Anisaldehyde-sulfuric acid 
reagent, white-light 1 11111

Test Initial 1 Month 2 Months Test Initial 1 Month 2 Months

(A) (B) 
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were investigated by comparing the charac-
teristic pattern of constituents, as TLC fin-
gerprints. Fingerprints for flavonoids and 
calendulosides were obtained simultane-
ously. The results indicated that under stress 
conditions such as alkaline and acidity degra-
dations, the profiles of the flavonoids and 
calendulosides for the active ingredients of 
the ointment were quite stable. Under stress 
conditions such as oxidative and strongly 
acidic degradations, the profiles of the flavo-
noids and calendulosides for the active ingre-
dients of the ointment were unstable. It was 
observed that the characteristic zones of fla-
vonoids disappeared or became low in inten-
sity (Figure 1), and the characteristic zones of 
the shapes of calendulosides changed.
     Under stress conditions such as light and 
accelerated temperature, the profiles of fla-
vonoids and calendulosides of the ointment 
are unstable. It was observed that the charac-
teristic zones of flavonoides and calendulo-
sides disappeared or became low in intensity 
after a one-month study period. 
     According to the results, the physical 
appearance of the ointment did not change 
throughout the study period, except under 
accelerated condition (t = 40±2°C/RH 
75±5%). The characteristic profile for flavo-
noids and calendulosides of the ointment 
appeared stable during one month at t = 
25±2°C/RH 60% and two months at t = 
5±3°C, when protected from light. In Figure 
2, the fingerprints for flavonoids and calen-
dulosides of the ointment for samples stored 
at refrigerated temperature (5±3°C) over a 
period of two months are shown. 

Conclusion 
     Based on the results of the stability test 
and the ointment’s physical appearance and 
identification tests, the ointment is stable for 
at least two months under the storage condi-
tion of t = 5±3°C when protected  from light, 
and approximately one month at the storage 
condition of t = 25±2°C/RH 60% when pro-
tected from light.
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