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Preparation of frankincense and myrrh essential oils self microemulsifying drug
delivery systems and evaluation of its anti-inflammatory and analgesic effects
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Abstract: Objective To prepare frankincense and myrrh essential oils (FMO) self microemulsifying drug delivery systems (FMO-
SMEDDSs) and evaluate their anti-inflammatory and analgesic effects. Methods The FMO was extracted by steam distillation
method. The formulation composition of FMO-SMEDDSs was determined by investigating its compatibility with different oil
phases, emulsifiers and co-emulsifiers. Finally, the formulation proportion of FMO-SMEDDSs was obtained according to the pseudo
ternary phase diagram method. The physical and chemical properties of FMO-SMEDDSs were evaluated by thermodynamic
stability, dynamic light scattering and transmission electron microscopy. SD rats were randomly divided into five groups: control

group, model group, ibuprofen (positive drug, 20 mg-kg™") group, FMO (crude drug dose, 90 mg-kg™") group, and FMO-SMEDDSs
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(90 mg-kg™") group. Rats were ig administered twice daily for seven consecutive days. Rats in control group and model group were
ig administered with saline. Except for the control group, 0.1 mL of 40.0% formaldehyde solution was injected into the right hind
foot of rats in the other four groups. After six hours, the thickness of the right hind foot of the rats was measured with a micrometer,
and the swelling degree and swelling inhibition rate were calculated. The levels of prostaglandin E, (PGE,), serum interleukin-6 (IL-6),
and tumor necrosis factor-o (TNF-a) in the inflammatory plantar tissue of the foot were detected by ELISA kit method. Meanwhile,
the analgesic effect of ibuprofen (positive drug, 20 mg-kg™"), FMO (crude drug dose, 90 mg-kg™), and FMO-SMEDDSs (crude drug
dose, 90 mg-kg™") was evaluated by mouse twisting metho. Results According to the compatibility and pseudo ternary phase
diagram, isopropyl myristate (IPM), Tween 80 and isopropanol were selected as the oil phase, emulsifier and co emulsifier of FMO-
SMEDDSs, with the ratio of 4: 4:2. The average particle size of microemulsion formed by FMO-SMEDDSs was (57.8+1.1) nm, PDI
was (0.216+0.014), and Zeta potential was (=11.5 + 0.05) mV. Under the transmission electron microscope, it could be observed that
the microemulsion was spherical. Compared with the model group, the inflammatory foot swelling degree and swelling rate of rats
in the ibuprofen, FMO, and FMO-SMEDDSs groups were significantly reduced (P < 0.05), PGE,, IL-6, and TNF- a levels
significantly decreased (P < 0.05). Compared with the FMO group, the degree and rate of swelling of the inflamed feet in the FMO-
SMEDDSs group were further significantly reduced (P < 0.05), PGE,, IL-6, and TNF- o levels significantly decreased (P < 0.05).
Compared with the model group, ig ibuprofen, FMO, and FMO-SMEDDSs significantly prolonged the latency of writhing reaction
in mice and significantly reduced the number of writhing times within 15 min (P < 0.05). Compared with FMO group, FMO-
SMEDDSs had a more significant inhibitory effect on mouse torsion response. Conclusion FMO-SMEDDSs have been successfully
prepared and have good anti-inflammatory and analgesic effects.

Key words: frankincense and myrrh essential oils; self microemulsifying drug delivery systems; pseudo ternary phase diagram

method; anti inflammatory and analgesic; prostaglandin E,; interleukin-6; tumor necrosis factor-a
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Table 3 Swelling inhibition effect of right hind foot of inflammatory rats (x+s, n=6)

415 AR/ (mgkg)  BRATERAEE L B/em  BRFEA S LEE/om KA /om0 2%

it HE — 2.67+0.12 2.67+0.12 0 —

57 — 2.71+0.09 3.59+0.21 0.88" 33.0

ik 25 20 2.64+0.10 3.01£0.15 0.37* 13.9*

FMO 90 2.72+0.14 3.32+0.18 0.60" 22.5%
FMO-SMEDDSs 90 2.69+0.11 2.96£0.13 0.27* 10.1%4

G REAL L - P<<0.05: SRR AL L AL - *P<<0.05: 5 FMO AL LA P<<0.05
*P < 0.05 vs control group; P < 0.05 vs model group; “*P < 0.05 vs FMO group
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F4 BAKBRBELAL S PGE,KFE. MiEH TNF-aF IL-6 7K F (x+s,n=6)

Table 4 PGE, content in plantar tissue and TNF-o and IL-6 in serum of inflammatory rats (x+s, n=6)

2 7/ (mg-kg™) PGE,/(ng- L™ TNF-a/(ng-L™) IL-6/(ng- L™
Xof i — 319.6+61.5 231.6+49.2 96.8+23.4
et — 554.2+134.9° 321.9+65.4" 167.2+33.9"
A% 20 376.8493.5" 246.7+52.7" 124.6+28.7"
FMO 90 463.9+114.4" 279.1459.5" 146.1430.6"
FMO-SMEDDSs 90 366.4+91.3" 226.4+48.1"" 109.1+24.7""

L REALEE R " P<<0.05 s 5B A1 He 2 - *P<<0.05 s 5 FMO 4L EL 2~ P<<0.05
*P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs FMO group
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0.05) ; 11 A X F FMO 41, FMO-SMEDDSs 11| /) i
FAAA S A RSB

F5 MNRAKRELEER (vts,n=6)

Table S Results of writhing test in mice (x+s, n=6)

4151 FE/(mg-kg™) FAA S AR /min FHAA SR FHAA SR 2/ %
TR — 43+1.2 31.5+4.6 —
A% 557 %F R 40 8.8+1.7" 15.4+3.2* 51.1
FMO 180 8.142.1* 18.2+3.8* 422
FMO-SMEDDSs 180 9.2+1.9% 13.6+3.4° 56.8

HHRH LR "P<<0.05
P < 0.05 vs model group
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