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ABSTRACT... Objective: To evaluate wound healing by topically administration of calendulaofficinalis and tumeric cream
to diabetic rats. Study Design: Observational Cross-sectional study Setting: Department of Pharmaceutics, Faculty of
Pharmacy, BahaUddin Zakariya University, Multan, Pakistan Period: October 2020-march 2021. Method: Different batches of
hydrophilic cream bases (C1-C6) were developed and characterized. The optimized base composition (C6) was loaded with
calendula Officinal is extract and turmeric powder as an active ingredient (C7) and evaluated the rate at which wounds heal
in diabetic rats. Calendula officinal is and turmeric were combined in a cream, as different stability parameters of the creams
were analysed at different temperature. Microbiological action of the cream was also examined. Results: The formulation
was homogenous, stable with pH 6.29+0.03, viscosity 381+ 6.96 Cps and the microbiological quality met the requirements
of European pharmacopeia. The total flavonoid content was less than 1. The formulation showed accelerated wound healing
with more than 95% wound contraction after tenth day. Conclusion: The result were favorable and suggested that topical
administration of Calendula officinal is and turmeric powder combination would enhance wound healing in diabetic rats
with potential for diabetic foot ulcer treatment. Moreover, the designed formulation poses good quality emulsion system
stabilizing the active ingredient as well as appropriate release of medicinal agents.
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INTRODUCTION

Wound healing is a multi-phased process with
three distinct phases: inflammation, proliferation,
and remodeling or maturation. The interplay of
different cells, cytokines, and growth factors is
required for wound healing." Diabetes mellitus,
a metabolic disorder arising from perpetual
hyperglycemia and associated with various
micro-vascular convolution and macro-vascular
intricacy, is one of the chronic diseases which
causes poor wound healing leading to a poor
standard of living, significant health-care costs
and a high death rate.?®

Wound healing failure is caused by a variety of
pathologic abnormalities, ranging from disease-
specific intrinsic deficiencies in blood flow,
angiogenesis, and matrix replacement to extrinsic
factors such as infection and repetitive trauma.*

Appropriate treatments are necessary to improve
patients’ overall quality of life. For treatments
developed to treat chronic wounds and skin
ulcers, the capacity to keep adequate moisture in
the wound bed is essential.® Treatment for diabetic
ulcers includes wound debridement, infection
management, revascularization treatments if
needed, ulcer off-loading, hyperbolic oxygen
therapy, and negative pressure wound therapy.5”

Herbal therapy has recently gained popularity in
thetreatmentof skindisorders. Inthefield of wound
healing management using medicinal plants,
extensive study has been conducted. To support
the creation of a favourable environment for the
natural healing process, herbal treatments for
wound healing include debridement, disinfection,
and maintaining a moist atmosphere.® Calendula,
scientifically known as Calendula officinalis
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Calendulaofficinalis

(Asteraceae), is an annual herbaceous plant
found in Europe, China, and Asia with bright green
oblong leaves and huge orange blooms. It’s also
known as “African marigold” and various chemical
and pharmacological investigations have been
conducted on it. It has a variety of medical
applications, including wound healing, jaundice
treatment, blood purification, and antispasmaodic.
Anti-inflammatory, antioxidant, antitumoral,
antifungal, immune-modulatory, antimicrobial,
antibacterial, and hypoglycemic properties have
been identified for C. officinalis. Various classes
of substances, such as tri-terpenoids, flavonoids,
quinines, volatile oil, coumarins, carotenoids,
and amino acids, have been discovered through
chemical investigations.”® The safety of C.
officinalis hydro glycolic extract, as well as its
clinical efficacy and effectiveness in the topical
treatment of diabetic foot ulcers, were validated
in a randomized, controlled research.

Turmeric, obtained from the dried rhizomes of
Curcuma longa, contains anti-inflammatory, anti-
diabetic, antibacterial, and cytotoxic qualities in
addition to wound healing.'? Turmeric accelerates
the wound healing process by provoking the
movement of monocytes, fibroblast cells and
eosinophils. Turmeric is found to exhibit various
biological activities in treating diabetic foot ulcers
via various mechanisms such as inhibition of
the activity of matrix metalloproteinase and
proinflammatory cytokines.™

Various cream bases (B1-B6) were formulated.
Thus, the product was showed to be o/w
emulsion. Calendula officinalis and turmeric will
be combined in a cream, as different stability
parameters of the creams were analysed at
different temperature. Microbiological action
of the cream was also examined. Cream
administered topically to diabetic rats to see
if they may speed up wound healing. Wound
closure was observed and photographs were
taken after 2, 5 and 10 days. The untreated rats
were used as control group. The percentage of
wound closure were checked. It exhibited the
increased injury treatment in diabetic rats. The
result suggested an antidiabetic similar process
for the injury treatment action.

MATERIAL

Quercetin, Carbopol 940 (polymer), dry Calendula
extract (active), and Turmeric powder (active)
were purchased from (Sigma lIreland), Ethanol,
stearic acid, and aluminium chloride were
obtained from (Merck USA). White petrolatum,
Triethanolamine, liquid paraffin and isopropyl
alcohol were purchased from (Fluka, UK) were of
Ph. Eur quality.

Preparation of C. Officinalis extract and
turmeric powder loaded cream

Table-l shows the composition of the various
produced cream formulations.

Determination of the total flavonoids content
0.5 g of each of the resulting cream formulations
was extracted six times using a combination of
isopropanol and ethanol (2:8 v/v). The extract
solutions were mixed, and the volume was
made up to 100 ml using an extractant. The
total flavonoid concentration of the extracts was
then measured using the aluminium chloride
colorimetric technique.

Organoleptic characteristics, homogeneity,
and presence of foreign particles

Visual inspection was performed on all of the
prepared formulations with or without active
ingredient to check for physical appearance of
cream including color, smell, phase separation of
cream, homogeneity, and the presence of foreign
particles.

Spreadability

Cream spreadability was determined by
measuring the cream sample’s spreading
diameter between two horizontal glass slides.

METHODS

This study was conducted at Bahauddin Zakariya
University, Multan from October 2020 to March
2021 after approval from ethical committee (188/
AEC/2021) (30-9-2020). Healthy male Wister
albino rats (weighing 250-300g) were obtained
from the animal section of Pharmacology
Research laboratory, Faculty of Pharmacy
Bahauddin Zakariya University, Multan Pakistan.
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Ethical Committee for Utilization of Laboratory
Animals was reviewed and approved the study
protocols. The animals were kept in a natural light
cycle and at constant temperature 25°C. Alloxan
was used for the induction of diabetes mellitus
in rats, which served as a pathological bio-model
for in vivo testing. All the Rats were injected with
single dose of Alloxan monohydrate (150mg/
kg) dissolved in normal saline. After 48 hours, A
glucometer was used to measure the rats’ blood
glucose levels. Rats that had blood glucose levels
more than 250 mg/dl were labeled as diabetic and
included in the study. The blood glucose level of
the rats was kept stable throughout the procedure
by feeding the rats with glucose continuously. The
diabetic rats were divided into two groups each
group containing six rats. Group A was a diabetic
control group that received only cream base with
active ingredient, whereas Group B was a diabetic
treatment group that received cream containing
medicinal substances. All rats had their backs
shaved and their skin cleaned with a cotton
swab, after which a wound was created on the
dorsum of each rat. The wounds were kept naked
for 10 days and treated with 0.1 g cream applied
topically once day. At 0, 6, and 10 days following
wounding, the size of the wound was measured
and photographed. The wound closure rate was
estimated using the formula below.2

Wo—W
Po~ Wd . 100
Wo

Rate of wound closure =

Where W, represent the area of wound and W, is
the area of wound on day 1%, 6, or 10"

Statistical Analysis

The experiments in this study were carried out
three times. The software programme was used
to perform the statistical analysis (SPSS 17). P
values having less than 0.05 value were used to
determine relevance in statistics. The outcomes
of In-vivo wound healing were compared using
the Student’s t test.

RESULTS

The therapeutic effectiveness of calendula and
turmeric powder cream on wound healing in the
diabetic rat model observed for 10 days. The rate
of wound contraction was significantly higher in
the treatment group in comparison to the control
group (p < 0.05). In Group A (control group)
rate of the wound contraction was 20.8% =+ 2.64,
45.6% = 2.42, and 68% = 2.25 on Day 2nd,
5th, and 10th respectively. On the other hand,
the rate of wound contraction for the treatment
group was 39.1% =+ 2.31, 80.5% = 2.4, and 95%
+ 3.31 on day 2nd, 5th, and 10th, respectively.
(Figures-3). Calendula officinalis and turmeric
are rich in active medicinal agents having anti-
inflammatory and wound healing activity.'®
Thus, a cream containing medicinal agents has
shown significantly improved healing of wounds
in comparison to cream vehicles.

Amount of ingredient (% W/W), Formulation coded from C1 to C7

Ingredients - o
White petrolatum 6
A Liquid paraffin -
Stearic acid 3.65 25
Triethanolamine -
8 Purified water 15 16
Carbopol 940 - 0.1
c Purified water 18 18
Calendula extract -
D Turmeric powder -

Purified water -

C3 C4 C5 C6 Cc7
3.3 3.4 2.8 2.8

1.4 1.6 1.8 2 2
16 16 16.5 16 16
0.2 0.1 0.1 0.2 0.2
17 17 16 17 17
- - - 0.4

- - - 0.1

- - - 3.5

Table-l. Composition of topical creams
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Formulation/Parameters C4 C5 Cé6 C7
Physical appearance Opaque Opaque Opaque Opaque
Color White White White Yellow
Texture Smooth Smooth Smooth Smooth
Phase separation No No No No
Homogeneity Homogeneous Homogeneous Homogeneous Homogeneous
pH (mean =+ SD) 6.0 = 0.02 6.23+ 0.03 6.5+ 0.04 6.29+ 0.03
Viscosity (Cps) (mean = SD) 320 = 3.24 356+ 4.56 425+ 7.52 381+ 6.96
Spreadability (gram.cm/s) (mean =+ SD) 5.89+ 0.31 5.64= 0.24 4.16+ 0.36 5.23+ 0.41

Table-ll. Physicochemical evaluation of selected topical creams
Days Physical Appearance Colour Texture Homogeneity Phase Separation
1st day Opaque yellow Smooth Homogeneous No
8" day Opaque yellow Smooth Homogeneous No
16" day Opaque yellow Smooth Homogeneous No
30" days Opaque yellow Smooth Homogeneous No
90" days Opaque yellow Smooth Homogeneous No
180" days Opaque yellow Smooth Homogeneous No

Table-lll. Stability Studies of C7 (Organoleptic characteristics)

Flgure -1. Mlcroscoplc image of the cream with
Calendula extract along with Turmeric powder

Figure-3. Photographs taken on the excision wounds
made on the experimental rats. All groups showed

120% 98% complete wound closure on day 10

X 100% 87%
[®)]
£ 80% 719 DISCUSSION
‘é 60% 48%  93% The affective wound healing properties of
o o Calendula officinalis and turmeric have been
c 40% 26"/ . . .
3 20% reported in several studies (13-15). It is
= ° important to design aesthetically appealing

0% and therapeutically effective topical cream for
appropriate delivery of these medicaments to the

= Control .Ca|end'3|"§ ay) im skin. In current study, a hydrophilic cream base

_ R has been successfully developed to evaluate the

Flgurec;zl. Rat; of W°““dd°'°SL(';e) 'g d'abft'c W°“'(‘g) improved diabetic wound healing effectiveness
rat model on Day 2, 5 and 10. ontrol group, . . -

Treatment group indicates statistically significant of flavonoids p’ese'_‘_t in natural medlc!na_l agen_ts.

(p <0.05) Externally hydrophilic creams are miscible with
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water and skin secretions, providing an elegant
and cosmetically appealing topical application
technique.?

A cream containing 0.4% Calendula officinalis
extract and 0.1 % turmeric powder showed total
flavone and flavanol content less than 1 % which
is appropriate for wound healing.?*

Results of the organoleptic evaluation are
presented in Table-ll. All cream bases (C4-
C6) were opaque, odorless, white in color, and
smooth in texture. However, The incorporation of
active ingredients imparts a yellow color to cream
(C7) with a characteristic odor. All formulations
showed good homogeneity with no grittiness.

In terms of appearance, texture, homogeneity and
effectiveness, the compositions was ideal. The
results of the organoleptic evaluation of selected
creams suggested that the formulated cream
had cosmetically appealing and acceptable
characteristics. The measured pH values of all
formulations were in the range of 6.31+1.89 to
6.54 + 1.76, which are in the acceptable range
for preparations applied to the skin the ideal pH
of cream should be (5.5-6.6).%

The viscosity of creams is an important parameter
for determining the stability and flowability of
creams. The viscosity of creams was found to
be in the range of 320 + 3.24 cps to 425+ 7.52
cps (Table-ll). It is noticed that increasing the
concentration of triethanolamine and carbopol
will increase the viscosity of cream; however, the
incorporation of active ingredients has slightly
reduced the viscosity. The viscosity of creams
was found to be appropriate for the physical
stability of the creams.

Spreadability plays a vital role in terms of look,
texture, and uniformity of a standard dose of the
medicinal agent. The Cream base should spread
easily without too much drag and should not
produce greater friction in the rubbing process.
Results of spreadability (Table-Il) indicated that the
formulation can easily spread. Formulation with
the highest viscosity showed lowest spreadability.

In emulsions, the particle size of the dispersed
phase is a significant parameter that manifests
the value and consistency of the formulation in
addition to efficacy and exterminating procedure.
Under the light microscope, a homogenous
mixture was observed at a magnification power
of 100x. At 400x magnification, it was discovered
that the majority of the particles were small,
with a maximum particle size of less than 10um
(Figure-1). The mean diameter of the particles
in the formulations increased from 0.128 to
7.152micron meter, with the cream base C6
having a mean diameter of 1.18 m and the cream
(C7) with calendula extract (0.4%) and Turmeric
powder (0.1%) having a mean diameter of 1.102
m. 1.56104 and 1.33104 were the degrees of
dispersion, respectively. As a result, the internal
phase’s particle size was small, and the droplets
were uniformly disseminated in the external
phase.

Creams were found to be safe with no signs of skin
irritation, lesion, or information. Microbiological
quality met the pharmacopeial specifications.?®
Pseudomonas aeruginosa and Staphylococcus
aureus were found to be absent from the
formulation both immediately after manufacture
and after 6 months of storage.

The goal of this research was to assess the
short-term stability of prepared cream upon six
months of storage at 25°C. This was achieved
by the comparison of the flavonoid content,
pH, and viscosity, organoleptic properties
including color, texture, homogeneity, and phase
separation of freshly prepared cream against that
after storage. The pH and viscosity remained
consistent throughout the storage duration.
Moreover, the flavonoid content didn’t show any
significant change after the storage (P> 0.05).
The organoleptic properties including colour,
texture, homogeneity and phase separation were
the same throughout the storage period (Table-
[ll). The presence of triethanolamine stearate
emulsifier and Carbopol gel in the formulation
might have positively contributed towards the
good stability of the cream. These data concluded
that the prepared cream is both chemically and

Professional Med J 2024;31(12):1763-1769.
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physically stable over six months.

CONCLUSION

Topical application of a combination of C.
Officinalis and turmeric incorporated in
hydrophilic cream showed accelerated wound
healing in a diabetic rat model. The developed
formulation was physically and chemically stable,
free from microbial contamination and having
pH suitable for skin application. The cream has
suitable viscosity and good spread ability for
ease of application. The formulated hydrophilic
cream shows potential for appropriate topical
application for wound healing and diabetic foot
treatment.

ACKNOWLEDGMENT

Faculty of Pharmacy Bahauddin Zakariya
University Multan provided financial support to
the researchers for this research.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

SOURCE OF FUNDING

This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Copyright© 08 Nov, 2024.

REFERENCES

1. Teoh SL, Latiff AA, Das S. The effect of topical extract
of Momordica charantia (bitter gourd) on wound
healing in nondiabetic rats and in rats with diabetes
induced by streptozotocin. Clinical and Experimental
Dermatology. 2009 Oct 1; 34(7):815-22.

2. Fiuza MF, Maciel MF, Pereira LA, Krause LM. Evolution
of a diabetic foot wound with the use of calendula:
A single[Jcase experimental design. Phytotherapy
Research. 2020 May; 34(5):907-10.

3. Eming SA, Martin P, Tomic-Canic M. Wound repair
and regeneration: Mechanisms, signalling, and
translation. Science Translational Medicine. 2014 Dec
3; 6(265):265sr6.

4. Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y. Global
epidemiology of diabetic foot ulceration: A systematic
review and meta-analysis. Annals of medicine. 2017
Feb 17; 49(2):106-16.

10.

11.

12.

13.

14.

15.

Sulistyo AA. Management of diabetic foot ulcer: A
literature review. Jurnal Keperawatan Indonesia. 2018
Aug 18; 21(2):84-93.

Kaile K, Mahadevan J, Leiva K, Khandavilli D, Narayanan
S, Muthukrishnan V, et al. Tissue oxygenation
measurements to aid scalpel debridement removal
in patients with diabetes. Journal of Diabetes Science
and Technology. 2022 Mar; 16(2):460-9.

Alexiadou K, Doupis J. Management of diabetic foot
ulcers. Diabetes Therapy. 2012 Dec; 3:1-5.

ChinJS, Madden L, Chew SY, Becker DL. Drug therapies
and delivery mechanisms to treat perturbed skin
wound healing. Advanced Drug Delivery Reviews.
2019 Sep 1; 149:2-18.

Preethi KC, Kuttan R. Wound healing activity of flower
extract of Calendula offlcinalis. Journal of Basic and
Clinical Physiology and Pharmacology. 2009 Mar;
20(1):73-80.

Doupis J, Veves A. Classification, diagnosis,
and treatment of diabetic foot ulcers. Wounds: A
Compendium of Clinical Research and Practice. 2008
May 1; 20(5):117-26.

Hinchliffe RJ, Valk GD, Apelqvist J, Armstrong DG,
Bakker K, Game FL, et al. A systematic review of
the effectiveness of interventions to enhance the
healing of chronic ulcers of the foot in diabetes.
Diabetes/metabolism Research and Reviews. 2008
May; 24(S1):S119-44.

Parente LM, Lino Junior RD, Tresvenzol LM, Vinaud
MC, de Paula JR, Paulo NM. Wound healing and anti[]
inflammatory effect in animal models of Calendula
officinalis L. growing in Brazil. Evidence[]Based
Complementary and Alternative Medicine. 2012;
2012(1):375671.

Ebrahimi E, Shirali S, Talaei R. The protective effect
of marigold hydroalcoholic extract in STZ[Jinduced
diabetic rats: Evaluation of cardiac and pancreatic
biomarkers in the serum. Journal of Botany. 2016;
2016(1):9803928.

Karri VV, Gowthamarajan K, Satish Kumar M, Rajkumar
M. Multiple biological actions of curcumin in the
management of diabetic foot ulcer complications: A
systematic review. Trop Med Surg. 2015; 3(179):2.

Bernatoniene J, Masteikova R, Davalgiene J, Peciura
R, Gauryliene R, Bernatoniene R, et al. Topical
application of Calendula officinalis (L.): Formulation
and evaluation of hydrophilic cream with antioxidant
activity. Journal of Medicinal Plants Research. 2011
Mar 18; 5(6):868-77.

1768

Professional Med J 2024;31(12):1763-1769.



Calendulaofficinalis

5

16.

17.

18.

19.

20.

Paul SK, Rahman S. A quantitative and simulation
model for managing sudden supply delay with fuzzy
demand and safety stock. International Journal of
Production Research. 2018 Jul 3; 56(13):4377-95.

Ercetin T, Senol FS, Orhan IE, Toker G. Comparative
assessment of antioxidant and cholinesterase
inhibitory properties of the marigold extracts from
Calendula arvensis L. and Calendula officinalis L.
Industrial Crops and Products. 2012 Mar 1; 36(1):203-8.

Al-Roujayee AS, Mohany M, Ahmad M, Maryam S,
Akram MB, Shaukat H, et al. Tahreem Arshad1, Haji
Muhammad Shoaib Khan1*, Kashif-ur-Rehman Khan2,
Abdulaziz S. Al-Roujayee3, Mohamed Mohany4,
Magsood Ahmad2*, Sana Maryam5, Muhammad Bilal
Akram6, 7, Hasnain Shaukat1, Umair Khursheed2 and
Mourad AM Aboul-Soud8.

Odeniyi MA, Okumah VC, Adebayo-Tayo BC, Odeniyi
OA. Green synthesis and cream formulations of
silver nanoparticles of Nauclea latifolia (African
peach) fruit extracts and evaluation of antimicrobial
and antioxidant activities. Sustainable Chemistry and
Pharmacy. 2020 Mar 1; 15:100197.

Chaudhary H, Rohilla A, Rathee P Kumar V. Optimization
and formulation design of carbopol loaded Piroxicam
gel using novel penetration enhancers. International
Journal of Biological Macromolecules. 2013 Apr 1;
55:246-53.

21.

22.

23.

24.

25.

26.

Saptarini NM, Hadisoebroto G. Formulation and
evaluation of lotion and cream of nanosized chitosan-
mangosteen (Garcinia mangostana L.) pericarp
extract. Rasayan J Chem. 2020 Apr 1; 13(2):789-95.

Getie M, Gebre-Mariam T, Rietz R, Neubert RH.
Evaluation of the release profiles of flavonoids from
topical formulations of the crude extract of the leaves
of Dodonea viscosa (Sapindaceae). Die Pharmazie.
2002 May 1; 57(5):320-2.

Vayalil PK, Elmets CA, Katiyar SK. RETRACTED:
Treatment of green tea polyphenols in hydrophilic
cream prevents UVB-induced oxidation of lipids
and proteins, depletion of antioxidant enzymes and
phosphorylation of MAPK proteins in SKH-1 hairless
mouse skin. Carcinogenesis. 2003 May 1; 24(5):927-
36.

Pietta PG. Flavonoids as antioxidants. Journal of
Natural Products. 2000 Jul 28; 63(7):1035-42.

Gopinath D, Ahmed MR, Gomathi K, Chitra K, Sehgal PK,
Jayakumar R. Dermal wound healing processes with
curcumin incorporated collagen films. Biomaterials.
2004 May 1; 25(10):1911-7.

Vergote V, Burvenich C, Van de Wiele C, De Spiegeleer
B. Quality specifications for peptide drugs: A
regulatory[Jpharmaceutical approach. Journal of
Peptide Science: An official publication of the European
Peptide Society. 2009 Nov; 15(11):697-710.

AUTHORSHIP AND CONTRIBUTION DECLARATION

No. Author(s) Full Name

Contribution to the paper

Author(s) Signature

Worked on formulation development, @

Research work, testing and article write

1 Komal Arshad
up.
2 Bushra Nasir
setting.
3  Aroosa Sharif Worked on

Worked on formulation stability, Article

result

complication W

tabulation and applicaiton of statistics

on results.
4 Maria Shah

5 Furgan Igbal

Experimental work and data analysis.

Organoleptic an microscopi analysis.

0
o

Professional Med J 2024;31(12):1763-1769.

1769



