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Study on the Characterization and Stability of Different Crystal Habits of Tacrolimus Monohydrate

WU Ping', HUANG Guochuan', LIU Wenpeng!, GAO Qingfeng!, GONG Sheng', JIN Meiying!, YU Kaxi?
(1.Hangzhou Zhongmei Huadong Pharmaceutical Co., Ltd., Hangzhou 310011, China; 2.Department of Chemistry, Zhejiang
University, Hangzhou 310028, China)

ABSTRACT: OBJECTIVE To study the structure characterization and accelerated stability of tacrolimus monohydrate
(tacro-A and tacro-B) with different crystal habits. METHODS The crystal structure was characterized by X-ray single crystal
diffraction and X-ray powder diffraction combined with BFDH model theory. The micro crystal morphology of the two samples
were obtained by scanning electron microscopy. The stability of the two crystals were investigated by 6-month accelerated
stability test. RESULTS The column shape tacro-B was better than the sheet shape tacro-A in the accelerated stability test, and
there was no new impurity in tacro-B after 6 months of accelerated stability test. CONCLUSION It is an important way to
change the drug properties such as solubility and stability by adjusting its external structure (such as crystal habit) while keeping
the internal structure (i.e. crystal form) unchanged.

KEYWORDS: tacrolimus; crystal habit; crystal structure; stability
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Fig.2 Crystal structure of tacrolimus monohydrate
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Fig. 3 Hydrogen bond connection diagram of tacrolimus
monohydrate(along the b direction)
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Fig. 4 Two-dimensional hydrogen-bond networks of tacrolimus
monohydrate(along be plane)
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Tab.3 Hydrogen-bond of tacrolimus monohydrate

D-H:+A dD-HYA d(H-AYA  dD-AYA  D-H-A/(°)
05-H5+-04 0.84 231 2.710(4) 109.9
05-H5--013 0.84 1.96 2.774(5) 163.2
010-H10-+-09! 0.84 2.04 2.858(3) 165.2
012-HI12---07? 0.84 1.98 2.814(4) 170.9
O13-HI3A-03% 087 1.94 2.771(5) 160.4
O13-HI3B--012¢  0.87 2.54 3.384(7) 165.4

e SRR NQ) 12+X, 1/2-Y, 1-Z; (2) 1/2-X, 1-Y, -1/2+Z; (3) 1-X,
-1/2+Y, 3/2-Z; (4) 3/2-X, 1-Y, 1/2+Z,

Note: Symmetric relation were (1) 1/2+X, 1/2-Y, 1-Z; (2) 1/2-X, 1-Y,
—1/2+Z; (3) 1-X, —1/2+Y, 3/2-Z; (4) 3/2-X, 1-Y, 1/2+Z.
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Fig. 5 X-ray powder diffraction diagram of tacrolimus

monohydrate having different crystal habit
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Tab. 4 X-ray powder diffraction diagram of tacrolimus
monohydrate crystal habits

AHXS SR BE (1/10)/ %
ER 20/(°) i T
tacro-A tacro-B
1 8.6 012 71.3 84.8
2 10.3 102 100.0 67.2
3 11.2 013 65.0 100.0
4 12.6 103 56.3 37.9
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% 5 tacro-A 7 tacro-B i £2 E ME Xt Hh
Tab. 5 Comparison of accelerated stability between tacro-A
and tacro-B

07H tacro-A tacro-B
B W /% N/A N/A
W pil% N/A N/A
A=A 0 0
USP HE AHIZ4 N/A N/A
SR % SEHAI(RRT=0.52) 3.28 3.37
SEFAII(RRT=0.63) 7.80 7.23
FTREITT AR )% 98.56 98.16
A fhresim il
—KEW  —KEW
34 H tacro-A tacro-B
R 5 W /% 0.11 N/A
W /% 0.05 N/A
A TEA 3 0
AHNZ4% 1 (RRT=0.28)/% 0.05 N/A
KENZFR 2 (RRT=0.30)/% 0.02 N/A
KENZFR 3 (RRT=1.65)/% 0.04 N/A
USP H A% it N/A N/A
SR % SHIRI(RRT=0.52) 2.89 3.29
S ATI(RRT=0.63) 6.07 7.09
TR TR E )% 98.18 98.59
n flivesin]  fhriZEHE]
—KEW —KEW
6 1~ H tacro-A tacro-B
R W /% 0.46 N/A
W w5/ % 0.19 N/A
AR VB 6 0
FHIZLT 1 (RRT=0.28)/% 0.19 N/A
ARUNAT 2 (RRT=0.30)/% 0.08 N/A
ARUNAIT 3 (RRT=1.55)/% 0.05 N/A
KA 4 (RRT=1.60)/% 0.04 N/A
KHAZRT 5 (RRT=1.63)/% 0.05 N/A
KHZRT 6 (RRT=1.65)/% 0.05 N/A
USP 1 A% R N/A N/A
S % SEFIRI(RRT=0.52) 3.48 3.16
SEFRTI(RRT=0.63) 7.15 7.01
TR TR ®)/% 97.38 98.46
i) flivasin  fhriZEHE]
—KEW —KEW

TE: 26.4 min A FHEALESEA], SR AT AL (R T Al 52 55 W) 14 22 17
SR, HF S LT A SCIRIE . ARIFH e s,

Note: 26.4 min was the main peak of tacrolimus. Isomer I and isomer II
were epimers of tacrolimus. The isomeric structure transformation of
tacrolimus had been reported in literature and were not classified as
related substances!?”!.
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Fig. 8 Surface chemistry structure packing along (102) face(A), (103) face(B), (012) face(C) and (013) face(D)
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