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Curcumin, the primary active compound in Curcumae Radix of the ginger family, exhibits a range
of therapeutic effects, including blood sugar regulation, immunoregulation, antioxidant, antibacterial,
and antitumor activities. However, its poor water solubility and chemical instability result in suboptimal
pharmacokinetics with low oral absorption (0.18%) and bioavailability, thus limiting its efficacy. To
overcome these limitations, this study aimed to enhance the oral absorption and bioavailability of
curcumin by incorporating lysine and B-cyclodextrin. Following oral administration of solubilized cur-
cumin, blood samples were collected to assess the oral absorption rate. Solubilized curcumin showed
an approximately 1.55-fold increase in absorption at 120 min compared to its non-solubilized form.
Furthermore, intravenous administration followed by blood analysis showed a 25-fold increase in bio-
availability at 61 min for the solubilized curcumin compared to the non-solubilized variant. In con-
clusion, employing lysine for dispersion and stabilization, combined with B-cyclodextrin to enhance
solubility, significantly improves curcumin’s oral absorption and bioavailability. The results of this
experiment are expected to lead to the development of herbal medicines and pharmaceuticals that
amplify curcumin’s anti-inflammatory, anti-tumor, and blood-sugar-regulation effects.
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Fig. 1. Plasma concentration following oral administration of
non-solubilized curcumin at a dose of 30 mg/kg.
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Table 1. Plasma concentration following oral administration of non-solubilized curcumin at a dose of 30 mg/kg

Non-solubilized Non-solubilized

Non-solubilized Non-solubilized

Time curcumin 1 curcumin 2 curcumin 3 curcumin
Concentration (ppb) Concentration (ppb) Concentration (ppb) Average concentration (ppb)
30 min 25,396 32,157 30,831 29,461.3343,582.56
45 min 28,613 32,025 28,870 29,836+1,900.08
60 min 28,369 32,967 26,841 29,392.3343,188.63
90 min 29,384 27,558 28,189 28,377+4927.40
120 min 26,670 26,936 28,764 27,456.67+1,139.97
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Table 2. Plasma concentration following oral administration of solubilized curcumin at a dose of 30 mg/kg

Solubilized curcumin 1

Solubilized curcumin 2

Solubilized curcumin 3 Solubilized curcumin

Time Concentration (ppb) Concentration (ppb) Concentration (ppb) Average concentration (ppb)
30 min 28,681 39,720 31,905 33,435.33+5,676.38
45 min 38,953 30,890 29,153 32,998.67+5,229.23
60 min 35,983 33,081 30,360 33,141.334£2,811.99
90 min 40,254 28,545 27,178 31,992.33+7,187.39
120 min 44,061 51,569 31,783 42,471£9,988.37

Table 3. Plasma concentration following oral administration of solubilized curcumin at a dose of 72 mg/kg

Solubilized curcumin 1

Solubilized curcumin 2

Solubilized curcumin 3 Solubilized curcumin

Time
Concentration (ppb) Concentration (ppb) Concentration (ppb) Average concentration (ppb)
10 min 2.26 2.52 5.69 3.49+1.91
20 min 2.71 0.00 4.18 2.3£2.12
40 min 0.00 0.00 0.00 0.00
80 min 0.00 0.00 0.00 0.00
160 min 0.00 0.00 1.15 0.38+0.66
200 min 0.00 0.00 2.06 0.89£1.19
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Fig. 2. Plasma concentration following oral administration of
solubilized curcumin at a dose of 30 mg/kg.
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Fig. 3. Plasma concentration following oral administration of
solubilized curcumin at a dose of 72 mg/kg.

Organs

Fig. 4. Organs concentration following oral administration of
solubilized curcumin at a dose of 72 mg/kg.
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Table 4. Organs concentration following oral administration of solubilized curcumin at a dose of 72 mg/kg

Brain Lungs Heart Spleen Stomach Pancreas  Kidneys Liver . Smavll . Large

(ppb)  (ppb)  (ppb)  (ppb) (ppb) (ppb) (ppb) (ppb) iniestine ntestine

(ppb) (ppb)

SD rat 1 0.00 0.00 0.00 0.00 125,890.5 1,081.5 119 459.8 69,104.8 2,708.3
SD rat 2 0.00 0.00 0.00 0.00 163,832.8 2,848.3 475 1,736.3 28,264 115,925.3
SD rat 3 0.00 0.00 0.00 0.00 67,452.3 1,695 2583 680 3,039.3 68,850.75
Average 0.00 0.00 0.00 0.00 119,058.5+ 1,874.93+ 284.1+ 958.7+  33,469.4+  62,494.8+
ppb 48,552.11 897.04 179.40 682.36 33,338.93 56,875.49

Table 5. Stomach, small intestine and large intestine concentration following oral administration of solubilized curcumin at a

dose of 72 mg/kg

Stomach (ppb)

Small intestine (ppb) Large intestine (ppb)

SD rat 1 125,890.5 69,104.8 2,708.3
SD rat 2 163,832.8 28,264 115,925.3
SD rat 3 67,452.3 3,039.3 68,850.75

Average ppb 119,058.5+48,552.11

33,469.4+33,338.93 62,494.8+56,875.49

Table 6. Pancreas, kidneys and liver concentration following oral administration of solubilized curcumin at a dose of 72 mg/kg

Pancreas (ppb)

Kidneys (ppb) Liver (ppb)

SD rat 1 1,081.5 119 459.8
SD rat 2 2,848.3 475 1,736.3
SD rat 3 1,695 258.3 680

Average ppb 1,874.93+£897.04

284.1£179.40 958.7+682.36
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Fig. 5. Stomach, small intestine and large intestine concen-
tration following oral administration of solubilized
curcumin at a dose of 72 mg/kg.
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Fig. 6. Pancreas, kidneys and liver concentration following
oral administration of solubilized curcumin at a dose
of 72 mg/kg.

9), 7F&3} curcumin®] ¢ 118l 19.89 ppb 61%l+=
24.60 ppbZ A E = 2 tH(Table 10, Fig. 10). Curcuming 7}
£3}30& -9 ¥I7HE-3} curcuminoll B3] & ZHEo] 11
Bl 173.97% Z7V8+QA 3 6189l 2,517.02% =7}sl= 2
#5 RIS



Table 7. Urine and feces concentration following oral admin-
istration of solubilized curcumin at a dose of 30

mg/kg
Urine (ppb) Feces (ppb)
SD rat 1 N.D 300
SD rat 2 N.D 212
SD rat 3 N.D 293
Average ppb N.D 268.33+48.91
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Fig. 7. Urine and feces concentration following oral admin-
istration of solubilized curcumin at a dose of 30 mg/kg.
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HZ 5 A H(Table 11, Fig. 11).
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Fig. 9. Plasma concentration following intravenous admin-
istration of non-solubilized curcumin at a dose of 400
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Table 8. Plasma concentration following intravenous administration of solubilized curcumin at a dose of 20 mg/kg

Solubilized curcumin 1

Solubilized curcumin 2

Solubilized curcumin 3 Solubilized curcumin

Time Concentration (ppb) Concentration (ppb) Concentration (ppb) Average concentration (ppb)
1 min 20,201 18,748 8,058 15,669+6,631.24
6 min 21,761 21,384 12,374 18,506.3345,314.10
11 min 18,512 18,782 16,082 17,792+1,487.04
16 min 21,351 9,708 15,519 15,526+5,821.50
21 min 16,739 11,269 16,750 14,919.3343,161.29
31 min 23,720 8,153 14,668 15,513.67+7,817.88
41 min 18,293 9,602 11,913 13,269.33+4,501.46
51 min 21,945 11,883 7,207 13,678.33+£7,531.24
61 min 29,565 8,329 6,225 14,706.33£12,910.91
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Table 9. Plasma concentration following intravenous administration of non-solubilized curcumin at a dose of 400 mg/kg

Non-solubilized

Time curcumin 1 curcumin 2

Non-solubilized

Non-solubilized . .
. Non-solubilized curcumin
curcumin 3

Concentration (ppb)

Concentration (ppb)

Concentration (ppb) Average concentration (ppb)

11 min 4.06 13.85
16 min 451 6.60
21 min 2.11 12.19
31 min 0.00 7.20
41 min 0.00 15.52
51 min 0.00 18.84
61 min 0.00 0.00

3.88 7.26+5.70
4.18 5.1£1.31
0.00 4.77+6.51
3.27 3.49+3.61
0.00 5.17+£8.96
2.21 7.02+10.30
2.82 0.94+£1.63

Table 10. Plasma concentration following intravenous administration of solubilized curcumin at a dose of 400 mg/kg

Solubilized curcumin 1

Solubilized curcumin 2

Solubilized curcumin 3 Solubilized curcumin

Time Concentration (ppb) Concentration (ppb) Concentration (ppb) Average concentration (ppb)
11 min 21.08 25.52 10.07 18.89+7.95
16 min 15.51 12.95 8.87 12.44+3.35
21 min 17.17 9.32 4.03 10.1746.61
31 min 6.47 5.39 1.91 4.5942.38
41 min 8.73 12.34 1.76 7.61£5.38
51 min 7.23 17.18 3.27 9.23+7.17
61 min 3.46 66.31 4.03 24.60+36.12
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Fig. 10. Plasma concentration following intravenous admin-

istration of solubilized curcumin at a dose of 400
mg/kg.
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Fig. 11. Organs concentration following intravenous admin-
istration of solubilized curcumin at a dose of 20
mg/kg.
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Table 11. Organs concentration following Intravenous Administration of Solubilized Curcumin at a Dose of 20 mg/kg

Brain Lungs  Heart Spleen Stomach Pancreas Kidneys Liver Small Intestine Large Intestine
(ppb)  (ppb)  (ppb)  (ppb)  (ppb) (ppb) (ppb)  (ppb) (ppb) (ppb)
SD rat 1  0.61 1482 33.56 75.03 2.53 13.49 19.24 44.21 94.75 14.12
SD rat 2 1.08 431 0.78 291 9.92 0.84 7.10 2.37 14.87 091
SD rat 3 0.75 1.65 0.80 1.06 7.52 0.72 1.58 2.19 4.72 0.67
Average 0.82+ 693+ 11.71x 26.34+ 6.66+ 5.02+ 9.31+ 16.26+ 38.11+ 5.25+
ppb 0.24 6.97 18.92 42.18 3.77 7.34 9.03 24.21 49.31 7.68

(Table 4-6, Fig. 4-6). Ravmdranath 7(1980)-/] ﬂ?"ﬂ o=
™ curcumin 400 mge Fo] & 1580|A 2447 A] FHE
stale W ARelA AEHA Fgkem, k3 ARl Al
A& ¢ 283 AAdA 2 FEY curcumin®] AEEH A
TH13]. Suresh 5(2010)8] AT-ollA A7 Fo & 31 A4,
Ao A curcumin AES SR, FollA curcumin®]
gol AEHNeY 7 A% £ 2 A= 9113]'[16] e
Wl 7183} curcumin EEX == H| 723 curcumineS 3T
FoAgls wet TLA 9, &, 3 A% £2E curcumin

=7t =4 AEHAT

30 mg/kg?] 71833k curcumine AT F4% & AW
I oA curcumins SG35IH S Wl AHAA AE
A ekl oA B 268.33 ppb7t & E A THTable
7, Fig. 7). 7ﬂ:rL Fof & A®ollA curcuming SA T THE
=RolAE AT T & 15800A 24X Z7HR] Aol A
curcumin®| ZAEE A &ka1[13], 25Y 3t curcumine 73 -
FoA g Aol 4MMMA = LRdlA HEHA 43
o 24417t o] & curcumin®] AEF ATH4]. = ﬁ:nl
A& curcuming 7T FAYE v AT WA A
HAo16]. A2 742 Curcumin 747+ F —‘?—2 Az
AZZ AZFHE Aoz Yyehdon, Ao A% wy)
7} &3 A AR et dojde s 24/‘]7J' T oA
oA HEo] FHAY ofF A2 42 curcumin®] =5
= ALg AsEH

Curcuming o] Foste] A o] & ES FAS
Anand 5(2007)8] AFNA @A W curcumind 360+50
ppbE Y EFSE S H[3], lysine?} cyclodextrins A& 718
3} curcumin®] 7 14 706.33 ppb= <F 40°] =A| HET
] lysine¥} cyclodextring ©]-&g+ 7}&-3} curcumin®] YA
o] & ES FI/MNZ Ao E AR A TKTable 8, Fig. 8). HI7}
4319} 7188} curcumin®] I FoJste] A o] FES
B gt Ao A 8] 7F8-8 curcumin® 4§ 1189l 7.26
ppb 6191 = 0.94 ppbE A E= S ™(Table 9, Fig. 9)
7}8-3} curcumin® 7% 11891 19.89 ppb 61l = 24.60
ppbE A EF Y tH(Table 10, Fig. 10). Curcumin A o] &
E2 1179 49 7F8-38} curcumin®] 783} curcumin

e

ﬂPlN' 2

BT} 173.97%
B 7}8-3} curcumin BT 2,517.02% =7}38h=
=

7}8-318k curcuming 3ol FAsle] AU U EEXE
£ Fdstls W 2% ellA 38.12 ppb= 7HE =
;g—’ H]zl— 7} /Rlzl— /\]z l, -r], AA o2 7 igoj\v_
™ 3ol 4= 0.82 ppbi 718 GEAl 2= 5 A K(Table 11,
Fig. 11). Perkins 5(2002)2] curcumin @& Fo & 77|
W 225 g dTFolA &, A%, 31 31, AR, 25,
H o2 YRt ¥ ATl A AE-3F curcumin A
Ae 3 Folo A5 oA 7M1 A HE= 1 ¥
A 71 B A AEEA o B AT A} FARE 2
I2 AteETH

Lysineiﬂ- cyclodextrin& /‘}%@' curcumin< 747 £

Fo Al AA F4E& ST AFE YE

2‘:'4 curcumm-/] S A FrEE A A FFEol
oAz ZAAE RaT F e PHOE AsHT
[11].

=71 a1 6152 A% 783} curcumin®]
A5 g9l

ZAe| 2

A%A 2o AYo FHBALY
& ATANBAY Aol oJ5te] o of
3. HR20C0026)

15
S

The Conflict of Interest Statement

The authors declare that they have no conflicts of interest

with the contents of this article.

Reference

1. Abdelkader, H. and Fathalla, Z. 2018. Investigation into
the emerging role of the basic amino acid L-lysine in en-
hancing solubility and permeability of BCS class II and
BCS class IV drugs. Pharm. Res. 35, 1-18.

2. Abou-Taleb, H. A., Fathalla, Z. and Abdelkader, H. 2020.
Comparative studies of the effects of novel excipients ami-
no acids with cyclodextrins on enhancement of dissolution
and oral bioavailability of the non-ionizable drug carbama-



556

10.

I1.

BB UTIX] 2024, Vol. 34. No. 8

zepine. Eur. J. Pharm. Sci. 155, 105562.

. Anand, P., Kunnumakkara, A. B., Newman, R. A. and

Aggarwal, B. B. 2007. Bioavailability of curcumin: Prob-
lems and promises. Mol. Pharm. 4, 807-818.

. Dall'Acqua, S., Stocchero, M., Clauser, M., Boschiero, 1.,

Ndoum, E., Schiavon, M., Mammi, S. and Schievano, E.
2014. Changes in urinary metabolic profile after oral ad-
ministration of curcuma extract in rats. J. Pharm. Biomed.
Anal. 100, 348-356.

. Dei Cas, M. and Ghidoni, R. 2019. Dietary curcumin: cor-

relation between bioavailability and health potential.
Nutrients. 11, 2147.

. Ding, W. Y., Zheng, S. D., Qin, Y., Yu, F.,, Bai, J. W., Cui,

W. Q., Yu, T., Chen, X. R., Bello-Onaghise, G. and Li,
Y. H. 2019. Chitosan grafted with B-cyclodextrin: syn-
thesis, characterization, antimicrobial activity, and role as
absorbefacient and solubilizer. Front. Chem. 6, 657.

. ElShaer, A., Hanson, P. and Mohammed, A. R. 2014. A

novel concentration dependent amino acid ion pair strategy
to mediate drug permeation using indomethacin as a model
insoluble drug. Eur J Pharm Sci. 62, 124-131.

. Hwang, Y. J., Kim, A. R., Kim, H. W. and Kang, J. S.

2023. Ovarian absorption and systemic bioavailability study
of paeoniflorin solubilized with L-lysine. YAKHAK HOEJI
67, 372-377.

. Loftsson, T., Hreinsdottir, D. and Masson, M. 2005. Evalu-

ation of cyclodextrin solubilization of drugs. Int. J. Pharm.
302, 18-28.

Oh, H. 1., Park, H. B., Ju, M. S., Jung, S. Y. and Oh,
M. S. 2010. Comparative study of anti-oxidant and anti-in-
flammatory activities between Curcumae longae Radix
and Curcumae longae Rhizoma. Kor. J. Herbol. 25, 83-91.
Perkins, S., Verschoyle, R. D., Hill, K., Parveen, L.,
Threadgill, M. D., Sharma, R. A., Williams, M. L.,
Steward, W. P. and Gescher, A. J. 2002. Chemopreventive
efficacy and pharmacokinetics of curcumin in the min/+

12.

13.

14.

15.

16.

17.

18.

19.

mouse, a model of familial adenomatous polyposis. Can-
cer Epidemiol. Biomarkers Prev. 11, 535-540.

Quispe, C., Herrera-Bravo, J., Javed, Z., Khan, K., Raza,
S., Gulsunoglu-Konuskan, Z., Dastan, S. D., Sytar, O.,
Martorell, M., Sharifi-Rad, J. and Calina, D. 2022. Ther-
apeutic applications of curcumin in diabetes: a review and
perspective. Biomed. Res. Int. 2022, 1375892.
Ravindranath, V. and Chandrasekhara, N. 1980. Absorption
and tissue distribution of curcumin in rats. Toxicology. 16,
259-265.

Sharma, R. A., Euden, S. A., Platton, S. L., Cooke, D. N.,
Shafayat, A., Hewitt, H. R., Marczylo, T. H., Morgan, B.,
Hemingway, D., Plummer, S. M., Pirmohamed, M., Ges-
cher, A. J. and Steward, W. P. 2004. Phase I clinical trial
of oral curcumin: Biomarkers of systemic activity and
compliance. Clin. Cancer Res. 10, 6847-6854.

Stella, V. J. and Rajewski, R. A. 2020. Sulfobutylether-p-
cyclodextrin. Int. J. Pharm. 583, 119396.

Suresh, D. and Srinivasan, K. 2010. Tissue distribution
& elimination of capsaicin, piperine & curcumin following
oral intake in rats. Indian J. Med. Res. 131, 682-691.
Yang, K. Y., Lin, L. C,, Tseng, T. Y., Wang, S. C. and Tsai,
T. H. 2007. Oral bioavailability of curcumin in rat and
the herbal analysis from Curcuma longa by LC-MS/MS.
J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 853,
183-189.

Yook, J. S., Kim, M. N., Lee, S. J., Choi, J. U. and Cha
Y. S. 2015. Improvement effect of artificial rice containing
curcuma longa L. extract on lipid parameters in C57BL/6J
mice. J. Korean Soc. Food. Sci. Nutr. 44, 1114-1120.
Zhu, X., Quan, Y. Y., Yin, Z. J., Li, M., Wang, T., Zheng,
L. Y., Feng, S. Q., Zhao, J. N. and Li, L. 2023. Sources,
morphology, phytochemistry, pharmacology of Curcumae
Longae Rhizoma, Curcumae Radix, and Curcumae Rhizoma:
a review of the literature. Front. Pharmacol. 14, 1229963.



Journal of Life Science 2024, Vol. 34. No. 8

P
I

: Beta-cyclodextrin2} LysineS O|2st 7125} 7{70! M| o|2& 2 AT S VM &ol
AlS
=21

oz - ZER" - olMZ 2 - |2 - o]k R? - LA

(L

(‘44N °F3t3, *BB(Brain Busan) 21 Plus A}

A
e
v
R
o
N
1>
ot
=

H

& A &8s Curcumae Radix®] FAECZ A3z, Wz, sl &4, IS &

'S 7HAL Aok a8y Eoll g =) 2 58 &
Aol Ho AT F48(0.18%)F YA o] &Eo| Yo} G%50] AHETH

E AT X &= lysine} B-cyclodextring &-83t] AFRL BT F5&7 AA o] &&& FHAIE AS

Ex2 Yt 7testE AFNE AT Fosta @Y AES AFASA AT F5ES UM A

7ve3tE AFRo] 7Hg3E A e AFu niE 120804 F7b oF 1.558] 713 Ao 2 yEbt

TS AW £ & oA shgstE AFRIe AA o] &Fo] 7FE3EA & AFH vl 61480l A

of 25u) F71e AC 2 Uyt A8 og, 4 2 AASE 9§ lysines AHESHAL, HEA =H 9
7H83 595 w0l FFE FX387] #8l p-cyclodextrin®] =S AL O RN AFRIY] AT FF
gAY

I ol g8l ZA FHHUT ol UYe) AN YA, G, WP 24 5 AFUY Fo
9 oJopE EE olojd oz s
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