Nanoemulsion-Based Delivery of Ricinoleic Acid Derived from Terminalia chebula: A Novel Strategy for Enhanced Bioavailability and Preclinical Constipation Management
Sharmila Dusi¹ [ORCID: https://orcid.org/0000-0003-3971-8127] •
J. Saminathan¹* [ORCID: https://orcid.org/0000-0002-8301-0663] •
S. Sivakalai² [ORCID: https://orcid.org/0000-0001-8558-0419]
¹ Department of Pharmaceutical Chemistry, School of Pharmaceutical Sciences, Delhi Pharmaceutical Sciences and Research University, New Delhi – 110017, India
² School of Allied Health Sciences, Delhi Pharmaceutical Sciences and Research University, New Delhi – 110017, India
Corresponding author: 
J. Saminathan
Email: swamilingam@gmail.com

Graph 1. Zero-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF1–RCF4).

This figure illustrates the cumulative drug release behavior of different Nano emulsion formulations, analyzed using a zero-order kinetic model.

Graph 2. First-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF1–RCF4).

The figure represents the dissolution kinetics of Nano emulsion formulations, demonstrating their drug release characteristics over time using a first-order kinetic model.

Graph 3. Zero-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF5–RCF8).

The dissolution behavior of additional formulations is presented, assessing the uniformity of drug release under a zero-order kinetic model.

Graph 4. First-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF5–RCF8).
. 
The graph displays the release patterns of ricinoleic acid from Nano emulsion formulations, evaluated using first-order kinetics.

Graph 5. Zero-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF9–RCF12).

Drug release data of Nano emulsions are depicted using a zero-order kinetic model, indicating formulation stability and release consistency.
Graph6. First-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF9–RCF12).

This graph presents the dissolution patterns of Nano emulsions under first-order kinetics, highlighting differences in release rates.

Graph7. Zero-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF13–RCF17).

Graph8. First-order kinetic plots for the dissolution profiles of ricinoleic acid-loaded Nano emulsions (RCF13–RCF17).

This graph provides a comparative assessment of drug release kinetics following first-order dissolution modeling

Graph 9. Predicted versus actual response plot for Response R1..
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This graph evaluates the accuracy of the statistical model used for formulation optimization, comparing predicted and experimental values

Graph 10. Predicted versus actual response plot for particle size.
[image: ] 
The graph illustrates the correlation between predicted and observed particle size values, validating the optimization model

Graph 11.1 Contour and 3D surface plots depicting the effect of formulation variables on particle size - Contour plot illustrating the influence of factors A and B on Response R1.
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Graph 11.2 3D surface plot showing the impact of factors A and B on Response R1.
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Graph 11.3. Contour plot representing the effect of factors A and C on Response R1.
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Graph 11.4 3D surface plot demonstrating the influence of factors A and C on Response R1.
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Graph 12. Predicted versus actual response plot for entrapment efficiency (Response R2).
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This graph evaluates the predictive accuracy of the model in estimating entrapment efficiency across different formulations.

Graph 13.1 Contour and 3D surface plots illustrating the effect of formulation variables on entrapment efficiency- Contour plot displaying the influence of factors A and B on Response R2.
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Graph 14. Design space optimization for ricinoleic acid Nano emulsion formulation.
This Graph illustrates the optimized formulation space derived from statistical analysis to achieve the best formulation parameters.
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RCF1	0	5	10	20	30	45	60	0	38.909999999999997	54.93	79.13	94.07	98.18	99.62	RCF2	0	5	10	20	30	45	60	0	28.61	50.23	80.12	85.77	97.23	98.91	RCF3	0	5	10	20	30	45	60	0	25.89	41.54	58.65	77.98	88.36	96.58	RCF4	0	5	10	20	30	45	60	0	49.56	69.265593066862067	88.55	97.41	99.505334334482086	time (min.)


% drug dissolved




RCF1	0	5	10	20	30	45	60	2	1.7859701251320095	1.6538875580709775	1.319522449065454	0.77305469336426313	0.26007138798507318	RCF2	0	5	10	20	30	45	60	2	1.8536373819585943	1.6969676407440231	1.2984163800612945	1.1532049000842846	0.44247976906444791	3.7426497940624998E-2	RCF3	0	5	10	20	30	45	60	2	1.8698768132667665	1.7668588110214176	1.6164755138885656	1.342817314635733	1.0659529803138696	0.53402610605613521	RCF4	0	5	10	20	30	45	60	2	1.702775077901044	1.48762483716891	1.0588054866759069	0.41329976408125241	time (min.)


log (% drug undissolved)




RCF5	0	5	10	20	30	45	60	0	36.130000000000003	62.51	77.989999999999995	97.18	99.65	RCF6	0	5	10	20	30	45	60	0	30.96	58.39	73.98	93.71	97.42	99.51	RCF7	0	5	10	20	30	45	60	0	49.32	75.069999999999993	92.62	97.13	99.14	RCF8	0	5	10	20	30	45	60	0	24.92	48.28	74.23	86.13	97.09	98.72	time (min.)


% drug dissolved




RCF5	0	5	10	20	30	45	60	2	1.805296916157985	1.5739154404215507	1.3426200425533481	0.45024910831936005	RCF6	0	5	10	20	30	45	60	2	1.839100782707153	1.6191977157929474	1.4153072922255674	0.79865064544526931	0.41161970596322989	RCF7	0	5	10	20	30	45	60	2	1.7048366062114038	1.3967222785037736	0.86805636182304124	0.45788189673399299	RCF8	0	5	10	20	30	45	60	2	1.8755242639493086	1.7136585162083564	1.4111144185509046	1.142076461073285	0.46389298898590681	0.10720996964786875	time (min.)


log (% drug undissolved)




RCF9	0	5	10	20	30	45	60	0	23.79	40.44	65.010000000000005	78.91	91.3	97.23	RCF10	0	5	10	20	30	45	60	0	25.34	32.94	50.68	68.47	83.55	93.42	RCF11	0	5	10	20	30	45	60	0	40.81	65.319999999999993	87.04	92.21	98.75	99.92	RCF12	0	5	10	20	30	45	60	0	34.880000000000003	60.83	77.819999999999993	85.11	96.04	98.63	time (min.)


% drug dissolved




RCF9	0	5	10	20	30	45	60	2	1.8820119616266586	1.7749546890801386	1.5439439424829065	1.3240765797394864	0.93951925261861868	0.44247976906444791	RCF10	0	5	10	20	30	45	60	2	1.8730879855902858	1.8264635490928012	1.6930230679236939	1.4987239707479048	1.2161659022859932	0.81822589361395537	RCF11	0	5	10	20	30	45	60	2	1.7722483399718536	1.5400790888041729	1.1126050015345743	0.89153745767256476	9.691001300805642E-2	RCF12	0	5	10	20	30	45	60	2	1.8137143918811449	1.592953571547866	1.3459615418131414	1.1728946977521761	0.59769518592551163	0.13672056715640821	time (min.)


log (% drug undissolved)




RCF13	0	5	10	20	30	45	60	0	26.58	53.8	74.77	86.8	97.25	98.62	RCF14	0	5	10	20	30	45	60	0	29.91	40.11	70.87	80.459999999999994	92.28	97.74	RCF15	0	5	10	20	30	45	60	0	31.73	35.619999999999997	52.46	70.040000000000006	89.54	95.71	RCF16	0	5	10	20	30	45	60	0	35.82	46.33	68.489999999999995	88.91	94.37	98.45	RCF17	0	5	10	20	30	45	60	0	40.590000000000003	45.52	72.790000000000006	94.86	98.19	time (min.)


% drug dissolved




RCF13	0	5	10	20	30	45	60	2	1.8658143801679681	1.6646419755561255	1.4019172505175748	1.12057393120585	0.43933269383026263	0.13987908640123509	RCF14	0	5	10	20	30	45	60	2	1.8456560599835443	1.7773543130842089	1.4643404846276673	1.2909245593827543	0.88761730033573605	0.35410843914740192	RCF15	0	5	10	20	30	45	60	2	1.8342299028516773	1.8087509723495947	1.6770591773921615	1.4765418090274287	1.0195316845312552	0.63245729218472491	RCF16	0	5	10	20	30	45	60	2	1.8073997127594854	1.7297315952870354	1.4984484031739997	1.0449315461491602	0.75050839485134591	0.19033169817029069	RCF17	0	5	10	20	30	45	60	2	1.7738595523766869	1.7362370989047287	1.4347285417797575	0.71096311899527576	0.25767857486918505	time (min.)


log (% drug undissolved)
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