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Purpose: Atopic dermatitis (AD) is a chronic inflammatory disease that varies in signs and symptoms in different individuals.
General symptoms include dryness of the skin, itching, and development of red to brownish-gray patches. Divya-Kayakalp-Vati
(DKV) and -Oil (DKO) are Indian polyherbal compositions prescribed for treating inflammatory skin diseases. In the present study, we
evaluated the anti-inflammatory efficacy of DKV and DKO co-treatment (DKV-O) in ameliorating Oxazolone (OXA)-stimulated AD-
like inflammation and pro-inflammatory cytokine release in a Swiss albino mouse model.
Methods: Phytochemical profiling of the DKV and DKO were done using Liquid Chromatography-Mass Spectroscopy (LC-MS)
QToF. Swiss albino mice were sensitized for 7 days and treated with OXA in their ear region. Stimulated and control animals were
orally treated with DKV and topically with DKO. Anti-inflammatory efficacy of DKV-O was determined in OXA-treated animals
through physiological, histopathological, and biochemical parameter analysis.
Results: DKV and DKO formulations individually contained 39 and 59 phytochemicals, respectively. Many of the phytochemicals
have been reported to have anti-inflammatory activities. In the OXA-sensitized Swiss albino mice, combined treatment with DKV-O,
and separately with Dexamethasone (positive control) significantly reduced the OXA-stimulated ear edema, biopsy weight, and
epidermal thickness. DKV-O further reduced OXA-stimulated induction of inflammatory lesions, neutrophil influx, and release of
Interleukin (IL)-1β, IL-6, tumor necrosis factor-α, and myeloperoxidase.
Conclusion: Finally, DKV-O co-treatment showed good pharmacological effects in ameliorating AD-like inflammation through the
modulation of inflammatory cell influx and release of soluble mediators. Therefore, DKV-O treatment can be used as a suitable
polyherbal therapeutic against AD-like inflammatory diseases.
Keywords: inflammation, oxazolone, phytochemical profile, pro-inflammatory cytokines, histopathological analysis, biochemical
analysis

Introduction
Atopic Dermatitis (AD) is a dermal inflammatory condition varying in symptoms for individual patients. Common
symptoms associated with the disease include skin dryness and itching, red to brownish-gray scaly patches on limbs,
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neck, upper chest, and eyelid regions. AD often occurs in children ≥6 years persisting until adolescence and adulthood.1,2

The disease may flare up occasionally and then clear up by itself after some time.
Exaggerated T helper-2 (Th2) cells-mediated immune-pathway activation in combination with exposure to environ-

mental factors, neuropsychological factors, epidermal barrier deficiency, and microbial pathogens lead to the inception
of AD.3–5 Incidences of AD have increased several times over the past 30 years affecting 20% of children and 2% of
adults.6 Approximately, 70–80% of AD patients, show an elevated serum IgE level with high sensitization towards
environmental allergens. While remaining 20–30% of patients show an “intrinsic” form of AD with low serum IgE
levels.7 Early development of AD during infancy can be attributed to IgE sensitization to food allergens. Sharing of
inflammatory pathways between AD and other immunomodulatory diseases may also lead to the development of allergic
rhinitis and asthma in later part of patient’s life.8–10 At a molecular level, AD is associated with gene mutations affecting
epidermal differentiation, and skin barrier formation.11–13

Based on age, ethnicity, and biological mechanism, AD presents varying clinical pathologies. In an Italian multi-
centric retrospective cohort clinical study, Nettis et al showed the prevalence of lichenified/ exudative flexural AD in
children often associated with head, neck, and hand eczema.14 In adults, besides the presence of lichenified/ exudative
flexural dermatitis, they also showed the presence of prurigo nodularis–like AD characterized by distinct, intensely
itching papules and nodules dominant in the limbs and back parts of the body, and nummular eczema-like phenotype
presents with eczematous, sometimes “weeping” lesions and is often associated with cutaneous xerosis.14

Due to the chronic and recurrent nature of AD, long-term therapies and medications are necessary for treating the
disease. Tofacitinib and Baricitinib act as inhibitors for JAK–based immune responses.15 Calcineurin inhibitors, and
cAMP-specific 3ʹ,5ʹ-cyclic phosphodiesterase-4 inhibitors, and biologics like Lebrikizumab, Apremilast, Crisaborole,
Dupilumab, and IL-31 are generally applied as immunomodulators against AD.16–22 However, some of them may have
unwanted health-related side effects.23 Divya-Kayakalp-Vati (DKV) and -Oil (DKO) are polyherbal Ayurvedic formula-
tions, suggested having efficacy in treating skin inflammatory disorders. DKV and DKO, formulated according to the
ancient Indian texts of Charak Samhita, are composed of 18 different plants detailed under Table 1.24–26 Earlier,
a combined DKV and DKO (DKV-O) treatment has shown immunomodulatory activity in λ-carrageenan-stimulated
Wistar rats paw edema model and 12-O-tetradecanoylphorbol 13-acetate (TPA)-treated CD-1 mouse ear edema model.27

Anti-inflammatory efficacy of DKV-O was observed to originate from the phytochemical constituents present within.
Different experimental mouse models have been employed for the study of AD, such as 1) animals stimulated with

the epicutaneous application of sensitizers, 2) transgenic mice overexpressing or lacking selective molecules, and 3) mice
showing spontaneous development of AD-like skin lesions.5 Oxazolone (OXA) is a Hapten that is used for evoking AD-
like inflammation primarily through an epidermal barrier breach, and Th1-dominated initial response that later shifts to
Th2-type response, similar to human AD.28 OXA challenge has been reported to induce the development of epidermal
hyperplasia and reduce expression of the skin differentiation proteins- filaggrin, loricrin, and involucrin.5

The present study investigates the pharmacological effects of DKV-O at a human equivalent dose in Swiss Albino
mice challenged with OXA and eliciting AD-like dermal inflammation. Histological analysis parameters included ear
edema, biopsy weight, epidermal thickness, and modulation of inflammatory lesions. Additionally, circulating serum
biomarkers for inflammation were also analyzed. We preluded the study with an in-depth phytochemical analysis of DKV
and DKO and correlated those findings to the biological study outcomes.

Materials and Methods
Reagents
Divya-Kayakalp-Vati (Batch no. A-KKVE090) and Divya-Kayakalp-Oil (Batch no. BKKT056) were sourced from Divya
Pharmacy (Haridwar, Uttarakhand, India). Their herbal compositions were provided by the manufacturer (Table 1).
Oxalozone (OXA; Purity 99.9%), Dexamethasone (DEXA; Purity 99.9%), and 3,3′,5,5′-Tetramethylbenzidine were
purchased from Sigma-Aldrich (St. Louis, MO, USA). ELISA reagents for IL-1β, IL-6, and TNF-α analysis were
purchased from BD Biosciences (San Jose, CA, USA). HPLC grade acetonitrile, ortho-phosphoric acid, and diethylamine
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along with hematoxylin and Eosin (H&E) stains were purchased from Merck (Kenilworth, NJ, USA). All other chemicals
and reagents purchased for the study were of the highest commercial grade.

Sample Preparation for DKO and DKV
Ninety grams of DKO were suspended in 200 mL of 90% aqueous methanol. The solution was stirred for 1 h using
a magnetic stirrer and stored at −20°C for 2 days. Following separation of the methanol from the frozen oil layer, it was
removed manually. Finally, the DKO sample was thawed, filtered, and dried using Rotavapor. Obtained DKO residue
(0.66 g) was resuspended in 90% aqueous methanol at the final volume of 10 mL and filtered through a 0.45 μm PTFE
membrane filter (Millipore, Burlington, MA, USA), and stored until further use for LC-MS QToF analysis. One gram of
DKV powder was dissolved in 40 mL of hydromethanolic solution and sonicated for 15 min. The hydromethanolic DKV
suspension was centrifuged at 5000 rpm for 5 min. Approximately, 0.50 mL of the clear upper layer was collected and
diluted further for LC-MS QToF analysis.

Table 1 Complete Herbal Composition of Divya-Kayakalp-Vati (DKV) and Divya-Kayakalp-Oil (DKO)

S.No. English Name Latin Name (Family) DKV (mg) DKO (mg) DKO (mL)

1 Ringworm plant Cassia tora L. (Caesalpiniaceae) 30 30

2 Turmeric Curcuma longa L. (Zingiberaceae) 30 30

3 Indian laburnum Hemidesmus indicus (L.) R. Br. (Periplocaceae) 30 30

4 Indian barberry Berberis aristata DC. (Berberidaceae) 30 30

5 Margosa Azadirachta indica A. Juss. (Meliaceae) 30 30

6 Indian Gooseberry Emblica officinalis Gaertn. (Euphorbiaceae) 30 30

7 Indian Madder Rubia cordifolia L. (Rubiaceae) 25 25

8 Heart-leaved moonseed Tinospora cordifolia (Willd.) Hoof. f. and Thomson
(Menispermaceae)

20

9 Spider wort Leucas cephalotes (Roth) Spreng. (Lamiaceae) 10 10

10 Mexican poppy yellow

thistle

Argemone Mexicana L. (Papaveraceae) 10

11 Cutch tree Acacia catechu (L.f.) Willd. (Leguminosae) 5

12 Sandalwood white Santalum album L. (Santalaceae) 10

13 Colocynth/ Bitter Apple Citrullus colocynthis (L.) Schrad. (Cucurbitaceae) 10

14 Himalayan deodar Cedrus deodara (Roxb. ex D. Don) G. Don (Pinaceae) 10

15 Sarsaparilla Smilax ornate Lem. (Smilacaceae) 10

17 Mustard oil Brassica campestris L. (Brassicaceae) 100

18 Ironweed Centratherum anthelminticum (L.) Kuntze (Asteraceae) 10

Excipients

1 Gum arabica (Exudate) Acacia arabica (Lam.) Willd. (Fabaceae) 12.5

2 Talcum (Powder) 2.5

3 Aerosil (Powder) 2
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Liquid Chromatography (LC-MS) QToF Analysis
LC-MS QToF analysis was performed on a Xevo G2-XS QToF with Acquity UPLC- I Class and analyzed using Unifi
Scientific Information System software (Waters Corporation, Milford, MA, USA). Separation was carried out using
Acquity UPLC HSS -T3 column (100 x 2.10 mm, 1.70 µm) maintained at 50°C. The sample temperature was kept at
10°C during the analysis. Elution was carried out at a flow rate of 0.40 mL/min using gradient elution of mobile Phase
0.1% formic acid in water (mobile phase A) and 0.1% formic acid in acetonitrile (mobile phase B). 1 µL of test solution
(either DKV or DKO) was injected and the chromatograph was recorded for 55 min.

Experimental Animals
Swiss albino mice (6–8 weeks) were procured from Charles River Laboratory licensed supplier Hylasco Biotechnology
Pvt. Ltd. (Hyderabad, India). All the animals were placed under a controlled environment with 60–70% relative humidity
and 12:12 h light and dark cycle in a registered animal house (1964/PO/RC/S/17/CPCSEA) of Patanjali Research
Institute, India. The animals were fed a standard pellet diet (Golden Feed, India) and sterile filtered water ad libitum. The
animal study protocol was approved by the Institutional Animal Ethical Committee (IAEC) of Patanjali Research
Institute vide approval number: PRIAS/LAF/IAEC-023. Experimental procedures and animal husbandry practices
were strictly conformed to the CPCSEA standards.29 The study was conducted in compliance with The ARRIVE
guidelines.30 Eight animals were randomly allocated to each study group.

In-vivo Evaluation of DKV-O Against Atopic Dermatitis (AD)-Like Inflammation
Mice Model of Oxazolone Induced AD-Like Inflammation
The combined therapeutic effect of DKVand DKOwas analyzed in the OXA-stimulated AD-like inflammation mice model at
human equivalent doses as described earlier.31 Briefly, 1.5% OXA solution was prepared by mixing it in acetone (vehicle).
Mice were sensitized in their clipped abdomen to 1.5% OXA by applying 100 µL solution for 7 days. The mice were then
challenged with 1.5% OXA (20 µLT.A.) in the ear region. Ear thickness was measured at 0, 6, 24, 48, and 72 h using a digital
Vernier caliper (Mitutoyo, Tokyo, Japan) (Figure 1). Treatment group mice were given vehicle alone (acetone, P.O.), or DKV
(150 mg/kg; P.O.) and DKO (20 µL T.A.), or DEXA (0.2 mg/kg; P.O.) throughout the experimental period. Unchallenged
OXA-sensitized mice were considered normal control (NC), and untreated OXA challenged mice were considered disease

Figure 1 Study design for pharmacology study of Divya-Kayakalp-Vati (DKV) andOil (DKV). Swiss albino mice were procured and acclimatized for one week. Mice were sensitized
in their clipped abdomen against 1.5%Oxazolone (OXA; 100 μL) for 7 days. Later, mice were challenged with 1.5%OXA (T.A.) on their ear (20 µL/ear). Ear thickness was measured
at 0, 6, 24, 48, and 72 h using a digital Vernier caliper. Animals were treated daily with DKV (150 mg/kg; P.O.) and DKO (20 µLT.A.), or Dexamethasone (DEXA; 0.2 mg/kg). Animals
were sacrificed on day 10, and tissue and blood samples were collected for histopathological and biochemical parameters analysis.
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control (DC) in the study. Changes in ear thickness were calculated by subtracting ear thickness measure per hour from ear
thickness measured at 0 h (Figure 1).

Histopathological Analysis
On day 10, mice were humanely sacrificed at 6 h post-treatment. Ear biopsy samples were weighed and fixed in 10% (v/v)
neutral buffered formalin, embedded in paraffin, and sectioned at 3–5 μm thickness using a Leica RM2245 microtome
(Wetzlar, Germany). Tissue sections were transferred to a glass slide and stained with H&E stain. Epidermal thickness from
the basal to stratum corneum layer was measured using MagVision image analysis software attached to Magcam DC5
microscopic camera. Severity of inflammatory lesions was recorded as: NAD = No abnormality detected, 1= minimal
(<1%), 2 = mild (1–25%), 3 = moderate (26–50%), 4 = moderately severe/marked (51–75%), 5 = severe (76–100%).
Distribution of the lesions was recorded as focal, multifocal, and diffused. Other parameters considered for histopatholo-
gical examination were extent, hyperkeratosis, number, and size of pustules, epidermal hyperplasia (measured in the
interfollicular epidermis), an influx of inflammatory cells in the dermis and soft tissue.

Immuno-Biochemical Parameters
Enzyme-linked immunosorbent assay (ELISA) was performed for determining the levels of interleukin (IL)-1β, IL-6, and
tumor necrosis factor-alpha (TNF-α) in circulating animal serum samples following the manufacturer’s protocol.
Myeloperoxidase level in the ear biopsy samples was analyzed following the protocol mentioned by Suzuki et al,
using 3.3′,5,5′-tetramethylbenzidine (TMB) dye.32 Briefly, 10 µL of ear biopsy homogenized samples were combined
with 80 µL of 0.75 mM H2O2 and 110 µL of 2.9 mM TMB solution (prepared in 14.5% dimethyl sulphoxide) and 150
mM sodium phosphate buffer (pH 5.4) in a 96 well plate. Plate was incubated at 37°C for 5 min and the assay was
stopped by adding 2 M H2SO4. Absorbance was obtained at 450 nm using the Envision microplate reader (Perkin Elmer,
Waltham, MA, USA).

Statistical Analysis
Results have been presented as Mean ± Standard Error of Mean (SEM). Statistical analysis was done using GraphPad
Prism version 7.03 software (GraphPad Software Inc., San Diego, CA, USA). Two-way analysis of variance (ANOVA)
followed by Newman-Keuls multiple comparison tests was used for ear edema parameter. A one-way analysis of
variance (ANOVA) followed by Dunnett’s multiple comparisons post-hoc tests were used for calculating statistical
significance in cytokine(s) analysis, ear biopsy weights, epidermal thickness, and lesion scores parameters. Values with
a p-value <0.05 were considered significant.

Results
A total of 39 phytochemicals in DKV and 59 phytochemicals in DKO were identified based on their retention time (RT)
and mass-charge ratio (m/z) using LC-MS QToF assay. In DKV, 33 phytochemicals were identified in positive mode and
18 phytochemicals in negative mode. Twelve non-polar phytochemicals were observed in both positive and negative
modes (Table 2, Figure 2A and B). In DKO, 26 phytochemicals were observed in positive mode and 31 phytochemicals
in negative mode. Six phytochemicals were present in both the positive and negative modes (Table 2; Figure 3A and B).
Major phytochemicals commonly detected in both DKV and DKO were 1.8-Dihydroxy-6-methoxy-3-methylanthraqui-
none (Physcion), Berbamine, Berberine, Catechin, Columbin, Curcumin, Ellagic acid, Gallic acid, Kaempferol, Obtusin,
Palmatine, Quercetin, and Swertiamarin. Physcion has been shown to inhibit the formation of AD-related skin lesions
through the blocking of thymic stromal lymphopoietin.33 Berbamine has also been shown to regulate T-cell activation
and inhibit NF-κB and MAPK (JNK and ERK1/2) signaling pathways in LPS-stimulated macrophages.34,35 Similarly,
other individually identified phytochemicals in DKV and DKO have reported anti-inflammatory activities.

Our in-vivo study showed a significantly elevated level of ear edema in the OXA sensitized DC mice following
challenge with 1.5% OXA, as compared to NC mice (p-value <0.01) (Figure 4A). OXA-treated DC mice showed
maximum swelling at 24 h (0.54 ± 0.02 mm) post-treatment, reaching a plateau stage that continued to be elevated with
a minor change up to 72 h (0.42 ± 0.04 mm). Co-treatment of the OXA-stimulated mice with DKV (150 mg/kg, P.O.) and
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Table 2 Identified Phytochemicals Present in the Divya-Kayakalp-Vati (DKV) and Divya-Kayakalp-Oil (DKO) Using LC-MS QToF
Analysis

S.No. Name of Phytochemical Detected DKV DKO

Mode Retention
time

Mass/ Charge
(m/z)

Mode Retention
time

Mass/ Charge
(m/z)

1 1,8-Dihydroxy-3-methylanthraquinone

(Chrysophanol)

-ve 9.4 253.05

2 1,8-Dihydroxy-6-methoxy-

3-methylanthraquinone (Physcion)

-ve 12.44 283.06 +ve/-ve 12.45/ 12.42 285.08/ 283.06

3 3-Methoxy-4-hydroxybenzoic acid +ve/-ve 5.27/ 5.22 169.05/ 167.04

4 Afzelechin +ve/-ve 5.9 275.09/ 273.08

5 Alizarin +ve/-ve 11.48 241.05/ 239.03

6 Alizarin +ve/-ve 11.51/ 11.48 241.05/ 239.03

7 Androsin +ve 4.82 351.1

8 Apocynin +ve 7.05 167.07

9 Arbutin +ve 8.72 273.1

10 Arjunetin +ve/-ve 23.1 651.41/ 649.39

11 Arjunic acid -ve 14.01 487.34

12 Bavachinin -ve 17.44 337.14

13 Bavachromanol -ve 12.55 339.12

14 Bavachromene -ve 12.82 321.11

15 Benzoic acid -ve 7.6 121.03

16 Berbamine +ve 6.98 609.3 +ve 6.96 609.3

17 Berberine +ve 8.97 336.12 +ve 8.98 336.12

18 Bisdemethoxylcurcumin +ve 13.04 309.11

19 Butin -ve 9.94 271.06

20 Catalpol +ve 14.74 363.13

21 Catechin +ve/-ve 4.84/ 4.89 291.09/ 289.07 -ve 4.84 289.07

22 Citric acid +ve/-ve 1.25 215.02/ 191.02

23 Columbamine +ve 8.23 338.14

24 Columbin +ve 10.1 359.15 +ve 10.02 359.15

25 Corylidin -ve 10.04 367.08

26 Corylifolin +ve/-ve 15.4 325.14/ 323.13

27 Corylin -ve 13.96 319.1

28 Courmaric acid +ve/-ve 7.56/ 7.57 149.06/ 147.04

29 Curcumin +ve 13.6 369.13 +ve/-ve 13.62 369.13/ 367.12

30 Cyclocurcumin +ve 4.66 369.13

(Continued)
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Table 2 (Continued).

S.No. Name of Phytochemical Detected DKV DKO

31 Cyclopamine +ve 11.45 412.32

32 Demethoxycurcumin +ve 13.32 339.12/ 337.11

33 Ellagic acid -ve 7.18 301 -ve 7.16 301

34 Emodin -ve 10.16 269.04

35 Ethyl gallate -ve 4.21 197.05

36 Euxanthone +ve 8.96 229.05

37 Ferulic acid -ve 8.31 193.05

38 Gallic acid +ve/-ve 2.17/ 2.19 171.03/ 169.01 -ve 2.17 169.01

39 Gentianine +ve 6.66 198.05

40 Gentiopicroside +ve 2.42 379.1

41 Isobavachalcone +ve 12.28 325.14

42 Isorhamnetin +ve/-ve 9.67/ 9.69 317.07/ 315.05

43 Jatrorrhizine +ve 8.26 338.14

44 Kaempferol +ve/-ve 10.3 287.06/ 285.04 +ve 10.34 287.06

45 Lofoline +ve 9.29 308.22

46 Mangiferin +ve/-ve 5.74/ 5.76 423.09/ 421.08

47 Matairesinol -ve 10.25 357.13

48 Obtusifolin +ve 9.52 285.08

49 Obtusin +ve 13.37 345.1 +ve 13.39 345.10/ 343.08

50 Oxyberberine +ve 7.63 352.12

51 Palmatine +ve 8.91 352.15 +ve 8.92 352.15

52 Palmitamide +ve 20.13 256.26

53 p-Cresol -ve 6.02 107.05

54 Phenol -ve 7.79 93.036

55 Phenylacetic acid -ve 6.32 135.05

56 p-Hydroxybenzoic acid -ve 7.78 137.02

57 Protopine -ve 9.99 352.12

58 Psoralen -ve 7.91 185.02

59 Psoralenol -ve 10.72 337.11

60 Psoralidin -ve 14.32 335.09

61 Purpurin +ve 1.2 279.03

62 Quercetin +ve/-ve 9.29/ 9.31 303.05/ 301.03 -ve 9.29 301.03

63 Quercetin 3.4’-dimethyl Ether +ve 11.5 331.08

(Continued)
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DKO (20 µL, T.A.) (DKV-O) significantly (p-value <0.01) reduced ear edema at 24 h (0.30 ± 0.02 mm), and 72 h (0.19 ±
0.02 mm) compared to DC animal (Figure 4A). DEXA (0.2 mg/kg, P.O.) treatment also significantly reduced the OXA-
stimulated ear edema in the mice at 24 h (0.15 ± 0.01 mm) and 72 h (0.11 ± 0.01 mm) (Figure 4A). OXA-challenge also
induced a significant (p-value <0.01) increase in the ear biopsy weight (11.74 ± 2.64 mg) of DC mice compared to NC
animals (5.76 ± 0.44 mg) (Figure 4B). Vehicle control (VC) treated animals did not show any change (5.41±0.86 mg) in
their ear biopsy weight. Treatment of the OXA-stimulated mice with DKV-O significantly (p-value <0.01) reduced the
induced biopsy weight (7.44 ± 1.09 mg) increase compared to the DC animals (Figure 4B). DEXA treatment also
significantly (p-value <0.01) reduced the OXA-stimulated increase in the ear biopsy weight (4.44 ± 0.86 mg)
(Figure 4B).

Histopathological analysis of NC and VC mice ears showed the presence of normal tissue condition with continuous
epidermal, dermal, and cartilage layers containing sebaceous glands (Figure 5A and B). Stimulation of the mice ears with
OXA induced pustule formation, hyperkeratosis, and hyperplasticity in the epidermal region along with the influx of
neutrophils in the dermis region (Figure 5C). This was ameliorated through treatment with DEXA showing a reduction in
the epidermal region pustule formation and a reduced presence of neutrophils in the dermis region (Figure 5D). Similarly,
DKV-O treatment also reduced pustule formation in the epidermal region of the OXA stimulated animals. A minor
change was observed in the presence of neutrophils within the dermis region, and pustule formation in the epidermal
region of the DKV-O treated OXA-stimulated animals (Figure 5E).

Based on the histopathological tissue section analysis, OXA-stimulation of the animal ears induced a significant
(p-value <0.01) 41.5 ± 14.4% increase in the ear epidermal thickness compared to the NC animals (Figure 6). No change
was observed in the epidermal thickness of the mice treated with the VC only (Figure 6). DKV-O treatment of the OXA-
stimulated animals for 10 days significantly (p-value <0.01) reduced (27.58 ± 4.26%) the induced ear epidermal thickness
increase compared to the DC mice (Figure 6). DEXA treatment also significantly (p-value <0.01) reduced (8.58 ± 1.67%)
the OXA-induced epidermal thickness in the mouse ear compared to the DC mice (Figure 6).

Table 2 (Continued).

S.No. Name of Phytochemical Detected DKV DKO

64 Rubiadin +ve 5.83 255.06

65 Rubrofusarin +ve/-ve 5.83/ 5.86 273.08/ 271.06

66 Shikimic acid -ve 0.87 173.04

67 Stigmasterol +ve 14.28 413.38

68 Sweroside +ve 4.9 395.13

69 Swertiamarin +ve 4.85 375.13 -ve 4.81 373.11

70 Syringaresinol +ve 16.29 419.17

71 Terminolic acid -ve 11.26 503.34

72 Uridine +ve 13.62 245.08

73 Ursolic acid -ve 20.5 455.35

74 Vanillin +ve/-ve 5.82/ 5.85 153.057/ 151.04

75 Veratramine +ve 12.72 410.3

76 Veronicoside +ve 4.85 467.15

77 β-Amyrin +ve 23.96 427.39

Note: Spectra were collected in the positive and negative modes (see Figures 2A and B, 3A and B).
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Total lesion score analysis in the OXA-stimulated mice showed a steep (9.50 ± 1.30 folds) and significant (p-value <0.01)
increase compared to the control animals (Figure 7A). Individual lesion score analysis in the OXA-stimulated mice showed
a significant increase for epidermal hyperplasia (2.25 ± 0.88 folds), hyperkeratosis (1.75 ± 0.70 folds), and pustule formation
(2.62 ± 1.06 folds), along with neutrophil influx (2.87 ± 0.83 folds) in the dermal region compared to NCmice (Figure 7A–E).
DKV-O treatment of the OXA-simulated mice significantly (p-value <0.01) reduced the total lesion score (4.37 ± 1.76 folds)

Figure 2 Phytochemical profiling of Divya-Kayakalp-Vati (DKV). Phytochemical composition of the DKV was identified using liquid chromatography-mass spectroscopy (LC-MS)
QToF analysis in (A) positive mode, and (B) negative mode, based on their mass-to-charge ratio and retention time (min). Details of the phytochemicals identified in positive and
negative mode are given in Table 2.
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(Figure 7A). Individual lesion scores in the DKV-O treated mice showed significant reduction (p-value <0.01) for epidermal
hyperplasia (1.62 ± 0.51 folds), epidermal hyperkeratosis (0.75 ± 0.70 folds), epidermal pustule formation (0.37 ± 0.74 folds)
and neutrophil influx in dermis region (1.5 ± 0.53 folds) (Figure 7B–E). DEXA treatment also showed significant
(p-value <0.01) effects in reducing the OXA-stimulated total and individual inflammatory lesion scores (Figure 7A–E).

Induction of inflammation in the OXA-stimulated mice was analyzed through measurement of pro-inflammatory
cytokines- interleukin (IL)-1β, IL-6, and TNF-α. In the blood serum of the DC animals stimulated with OXA

Figure 3 Phytochemical profiling of Divya-Kayakalp-Oil (DKO). Phytochemical composition of the DKO was identified using liquid chromatography-mass spectroscopy (LC-
MS) QToF analysis in (A) positive mode, and (B) negative mode, based on their mass-to-charge ratio and retention time (min). Details of the phytochemicals identified in
positive and negative mode are given in.Table 2
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a significant (p-value <0.01) induction of IL-1β (5.27 ± 0.66 pg/mL), IL-6 (18.87 ± 6.25 pg/mL), TNF-α (8.84 ±
2.01 pg/mL) was observed (Figure 8A–C). Treatment with DKV-O significantly (p-value <0.01) reduced the
presence of inflammatory cytokines in the blood serum of OXA-stimulated mice. The level of cytokines was
determined at s IL-1β: 3.21 ± 1.00 pg/mL, IL-6: 13.07 ± 1.61 pg/mL and TNF-α: 7.1 ± 0.81 pg/mL in the mice
blood serum (Figure 8A–C). DEXA treatment of the OXA-stimulated mice also significantly (p-value <0.01)
reduced the levels of pro-inflammatory cytokines to IL-1β: 2.44 ± 0.58 pg/mL, IL-6: 10.20 ± 0.84 pg/mL and
TNF-α: 4.55 ± 0.29 pg/mL (Figure 8A–C). Myeloperoxidase (MPO) is the most abundant protein produced by

Figure 4 Ear edema and biopsy weight analysis in Oxazolone (OXA)-stimulated mice. Physiological parameters, such as (A) ear edema, and (B) ear biopsy weight changes
were analyzed in 1.5% OXA-stimulated mice following co-treatment with Divya-Kayakalp-Vati (150 mg/kg; P.O.) and Divya-Kayakalp-Oil (20 μL, T.A.) (DKV-O), or treatment
with Dexamethasone (DEXA; 0.2 mg/kg; T.A.) alone. Acetone treatment was given as vehicle control (VC). p-values ● <0.01 (normal control (NC) versus disease control
(DC)); ** <0.01 (DC versus DKV-O treatment; DC versus DEXA); Ψ = Not significant.
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Figure 5 Histopathological analysis of ear tissue in Oxazolone (OXA)-stimulated mice. Histopathological images based lesion score (LS) analysis was performed in ear tissue
obtained from (A) normal control (No OXA challenge) mice, (B) vehicle control (acetone) treated mice, (C) 1.5% OXA challenged DC mice, (D) 1.5% OXA challenged
mice treated with Dexamethasone (DEXA; 0.2 mg/ear), and (E) 1.5% OXA challenged mice co-treated with DKV (150 mg/kg; P.O.) and DKO (20 μL, T.A.). Tissue parts
identified were epidermis (Ep), dermis (De), sebaceous gland (Sg), and cartilage (CT) regions. Inflammatory lesions observed were hyperkeratosis (Hk), pustule formation
(Pu), and the influx of neutrophils (Np).
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neutrophilic granulocytes. In the present study, MPO was significantly (p-value <0.001) elevated in the OXA-treated
mouse-ear (5.38 ± 1.12 U/mg fw) compared to NC mice MPO level (1.34 ± 0.61 U/mg fw) (Figure 8D). In the
OXA-stimulated mice treated with DKV-O, the MPO level was found to be attenuated to 4.29 ± 1.68 U/mg fw.
DEXA treatment also significantly (p-value <0.01) reduced the MPO levels (1.67 ± 0.67 U/mg fw) in the OXA-
stimulated mice ears compared to the DC animal (Figure 8D).

Thus, the combined treatment of DKV-O was observed to show potential anti-inflammatory and antioxidant potentials
in the AD-like inflammation in mice. DKV-O effectively reduced the OXA-stimulated ear edema, lesion formations, and
associated influx of inflammatory cells and soluble factors such as cytokines and myeloperoxidase. These anti-
inflammatory attributes for DKV-O could be related to the presence of phytochemicals in the poly-herbal formulations.

Discussion
Atopic Dermatitis (AD) is a common chronic relapsing inflammatory skin disease that is represented by the infiltration of
the inflammatory cells and production of pro-inflammatory cytokines.36 The disease is often accompanied by the
development of inflammatory skin lesions. AD has also been associated with an increased risk of developing other
inflammatory diseases like arthritis, inflammatory bowel disease, and vitiligo.4,37 While, therapeutics for curing AD are
directed towards immunomodulation with the objective of prevention and cure, the existence of endotypic disease
complexity makes it difficult to exploit a final solution. Temporary relief from AD is acquired through anti-histamine and
immunosuppressive agents, moisture care therapy, corticosteroids, or localized immuno-regulatory agents.38 However,

Figure 6 Ear epidermal thickness analysis in Oxazolone (OXA)-stimulated mice. Ear epidermal thickness was analyzed in 1.5% OXA-stimulated mice following treatment
with Divya-Kayakalp-Vati (150 mg/kg; P.O.) and Divya-Kayakalp-Oil (20 μL, T.A.) (DKV-O) co-treatment, or Dexamethasone (DEXA; 0.2 mg/kg) treatment. Acetone
treatment was given as vehicle control (VC). Statistical analysis was performed using the one-way analysis of variance (ANOVA) method followed by Dunnett’s multiple
comparison t-test. p-values ● <0.01 (normal control (NC) versus disease control (DC)); ** ≤0.01 (DC versus DKV-O treatment; DC versus DEXA); Ψ = Not significant.
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Figure 7 Inflammatory lesion score analysis in ear tissue obtained from Oxazolone (OXA)-stimulated mice. Histopathological lesion scoring (LS) was performed for (A)
Total Lesion Score, (B) Epidermal hyperplasia, (C) Hyperkeratosis of the epidermis, (D) Pustule formation in the epidermis and (E) Neutrophil influx into the dermis in
normal control (No OXA-challenge) mice, vehicle control (Acetone) treated mice, 1.5% OXA challenged DC mice, 1.5% OXA-challenged mice treated with Dexamethasone
(DEXA; 0.2 mg/ear), and 1.5% OXA challenged mice co-treated with DKV (150 mg/kg; P.O.) and DKO (20 μL, T.A.). Statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by Dunnett’s multiple comparison t-test was applied. p-value ● ≤0.01 (normal control (NC) versus disease control (DC)). ** ≤0.01 (DC
versus DKV-O treatment; DC versus DEXA); Ψ = Not significant.
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prolonged use of these medications can lead to other health-related side effects and drug intolerances.39 Phototherapy
using UltraViolet radiation “A” (UVA) is not recommended for acute AD and other dermal inflammatory diseases like
Psoriasis.40 Furthermore, UVA therapy can lead to photo-aging of skin and in some cases dermal carcinogenesis.40

Therefore, there is an increased necessity to discover more effective therapies against ADwith minimum or no side effects.
Medicinal plants play an important role in folk medicines with minimum side effects and some have been reported to have
anti-AD applications.41–43 Tradition Indianmedicine system is known as “Ayurveda” has been widely applied as an alternative
or additive therapeutics.44–46 Herbal components of DKV-O such as Berberis aristata DC., Curcuma longa L., Caesalpinia
bonducella F.,Azadirachta indicaA. Juss., Santalum albumL., andAcacia catechu (L.F.)Willd. has shown efficacy in treating
various dermal and non-dermal maladies.47–51 Therapeutic properties of the mono- and poly-herbal formulations have been
attributed to their phytochemical contents including phenol, polyphenol, alkaloid, terpenoid, and glycoside classes of
molecules.52 Phytochemicals identified in DKV-O have been reported to play a major role in regulating inflammation,
prevention of allergen, and platelet-activating factors.53–56 Berbamine and Catechin attenuate the allergen-stimulated release

Figure 8 Inflammatory marker analysis in samples obtained from Oxazolone (OXA)-stimulated mice. Inflammatory markers- (A) Interleukin (IL)-1β, (B) IL-6, (C) tumor
necrosis factor-alpha (TNF-α) in the blood serum, and (D) myeloperoxidase (MPO) analysis was done in ear tissue stubs obtained from normal control (No OXA-challenge)
mice, vehicle control (Acetone) treated mice, 1.5% OXA challenged DC mice, 1.5% OXA challenged mice treated with Dexamethasone (DEXA; 0.2 mg/ear), and 1.5% OXA
challenged mice co-treated with DKV (150 mg/kg; P.O.) and DKO (20 μL, T.A.). Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by
Dunnett’s multiple comparison t-test was applied. p-value ● ≤0.01 (normal control (NC) versus disease control (DC)); * ≤0.05 ** ≤0.01 (DC versus DKV-O treatment; DC
versus DEXA).
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of pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α), the neutrophil influx into the affected site, and activation of NFκB,
matrix metalloproteinase (MMP)-9, and acetylcholine esterase.57–61 Additionally, Berbamine exhibits anti-inflammatory
activity through modulation of T cell activation and inhibition of NFκB and MAPK signaling pathways.34,35 Hence, the AD-
like inflammation amelioration properties of DKV-O can be attributed to the reported immunomodulatory activity of these
phytochemicals.

Activation of keratinocytes, inflammatory cells, and release of pro-inflammatory cytokines have been implicated as
a major event in the induction of dermal inflammatory diseases like AD and psoriasis. Clinical studies have confirmed
elevated levels of inflammatory cells along with the release of IL-1β, IL-6, and TNF-α cytokines in the dermal tissues
of AD and psoriasis patients.62,63 DKV-O treatment was found capable of altering the OXA-stimulated ear edema, and
associated inflammation through the modulation of inflammatory cells influx into the dermis and release of pro-
inflammatory cytokines. During AD, IL-1β and TNF-α are released by inflamed keratinocytes and activated immune
cells.64 While serum IL-1β and TNF-α levels stimulate the release of IL-6 cytokines from T-cells.65,66 Phytochemicals
contents of DKV-O such as Curcumin, Berberine, and Gallic Acid possess excellent anti-inflammatory, anti-oxidant,
chemo-preventive, and chemotherapeutic activities. Curcumin modulates T-cell secretion of pro-inflammatory cytokines
including TNF-alpha responsible for the induction of inflammation and epidermal edema.67,68 Similarly, Gallic acid and
Berberine are responsible for inhibiting allergen stimulated release of pro-inflammatory cytokine release from macro-
phages and in reducing induced epidermal edema.69

Myeloperoxidase (MPO) is a well-known biomarker for skin inflammation originating from stimulated neutrophilic
granulocytes.70 In the present study, DKV-O treatment reduced the OXA-stimulated MPO levels in the inflamed ear
tissue of mice directly indicating a reduced presence of activated neutrophils. Histopathological analysis confirmed the
reduced influx of neutrophils in the DKV-O treated inflamed ear tissue dermis along with a moderated generation of
inflammatory lesions such as hyperkeratosis, hyperplasticity, and pustule formation in the epidermis. The results correlate
well with our previous finding showing DKV-O eliminated 12-O-tetradecanoyl phorbol 13-acetate (TPA) stimulated
inflammatory lesion and the neutrophil influx into the dermal region.27 1.8-Dihydroxy-3-methylanthraquinone
(Chrysophanol) is known as a multifaceted phytochemical that has anti-inflammatory, anti-cancer, hepatoprotective,
and neuroprotective activities.71 Pretreatment of human mast cells (HMC-1) with Chrysophanol suppressed intracellular
calcium levels and histamine release following phorbol 12-myristate 13-acetate and calcium ionophore treatments.72

Chrysophanol also reduced the overexpression of caspase-1, nuclear factor-κB, and thymic stromal lymphopoietin in the
stimulated HMC-1 cells.72 In human keratinocytes (HaCaT cells) pretreatment with chrysophanol significantly reduced
stimulated expression of caspase-1 and thymic stromal lymphopoietin proteins.72 Similarly, Quercetin is a flavonoid that
has been observed to inhibit neutrophil influx in affected regions during the onset of rheumatoid arthritis.73 In addition,
Quercetin leads the neutrophils to undergo apoptosis, reducing the incidences of neutrophilic extracellular trap formation
and release of extracellular pro-inflammatory cytokines.73 Additionally, Quercetin pre-treatment reduced oxidative stress
through the generation of antioxidants within the in vitro model for AD using HaCaT cells treated with IL-4, IL-13, and
TNF-α.74 Quercetin also increased the mRNA expression of occludin and E-cadherin, while downregulating MMP1,
MMP2, and MMP9 expression stimulating wound healing in stimulated HaCaT cells as well as, downregulated
phosphorylation of MAPK, and NF-κB reducing inflammation.74

In the end, phytochemical constituents of the DKV-O are extensively responsible for the inhibition of inflammation
through the modulation of the activated immune cells and the release of the pro-inflammatory cytokines. Though further
analysis is still required for understanding the individual contribution of the herbal components and phytochemicals
present in the DKV-O. It is important to note that the current study demonstrated the efficacy of DKV-O as a whole,
where its herbal components functioned in synergy, and possibly in a multifocal manner in moderating the acute
inflammation triggered by OXA. Also, species-wise variations exist for biological studies, due to which caution needs
to be taken while translating the observed efficacy of DKV-O in mice to humans.

Conclusion
In short, combined treatment of DKV-O showed anti-inflammatory efficacy in ameliorating stimulated AD through the
modulation of inflammatory neutrophilic influx, and release of pro-inflammatory cytokines. Suppression of inflammation in
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the OXA-stimulated ear tissue also lessened the incidence of inflammatory lesion generation. The observed anti-AD efficacy
of the DKV-O can be attributed to the rich presence of all the phytochemicals working in synergy. These phytochemicals
directly function in reducing inflammation by modulating the inflammatory cells and activated keratinocytes and their
multicentric synergistic effect in the modulation of AD-like inflammatory response needs further exploration. Taken together,
DKV-O could well be a suitable healing option for atopic dermatitis-like inflammatory skin diseases.
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