- 2512 - 2% %R Acta Pharmaceutica Sinica 2022, 57(8): 2512 -2519

5T i 15 TAZH0 2 5 MINEE Tk 5 RO M0 FF 2 R

LT R BRB, IHW. F X, TERL AREC
(1. FEHEE RGBT, Jb5 100850; 2. EHAF I 0iE3IE %=, b3 100851)

HHEE: BT 9T FH 0 15 TR 4 AR 5t Doppelherz® Energy DIRECT 77 i #E 47 4b 75 & T2 #1#T, Jy B BT J7 win kA
Te KA WRBURL I T R B BEHE S o A T7 ST 43 LAP= 5 B 0 Rl A5 B D i, R 2 L % SOk g VR ST - iR
I 792, 45 A B B M A T b A SR R e, e & I R A SR R : el - B R B R 4
A VTR EE (71.4%) FTBRBR (7.0%) L B EE = SUREBE AR PR 8% (< 5.8%). MR4E L HI & i) S B iR 5+
AR, HARME T TR S & T2, IR EEs T AT R . SRS T EHES T § A 5
S B HE, 45O TP S50 B I FRULE 1 min PYIIIMERRN 7 B S50 1 45 1, e HY T RO BF B R 1 S B i
FIMHER A, 18 2 m R BRI RSB T2 S50 & 7 ik, & 4&H15 MG B A4 1077 5, i
RHIFITE RSB T 0 S )51k

SKBRIR): 10 AR OINREEE] 95T s FERREOR; BB

FE 525 R943 RRFRIZES: A XEHRE: 0513-4870(2022)08-2512-08

Development and research of compound caffeine waterless
swallowed granules based on reverse engineering
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Abstract: In this study, the reverse engineering technology was used to analyze the prescription and process of
Doppelherz® Energy DIRECT, based on the composition of the prescription on the official website of the product, the
detection method of composition is established according to the pharmacopoeia and literature information, combined
with gravimetric analysis to complete prescription analysis. The prescription composition of the reference listed drug
was determined to be composed of caffeine, taurine, vitamin B, anhydrous glucose, citric acid, sorbitol, sucralose,
magnesium salts of fatty acids, in which the glucose content was 71.4%, the citric acid content was 7.0% and the
magnesium salts of fatty acids content was < 5.8%. According to patent inquiry, Raman imaging and other
technologies, the preparation process of the marketed preparation has been basically obtained, and the development of
the self-made preparation has been completed on this basis. The study was approved by the Ethics Committee of the
Academy of Military Medical Sciences. Combined with the results of the taste evaluation experiment and the caffeine
dissolution test of the preparation in 1 min, the hot-melt extrusion technology was screened out as the taste-masking
technology of the self-made preparation, the parameters of the hot-melt extrusion process were screened by
differential scanning calorimetry analysis, and finally a product with good taste and qualified quality was obtained,

which provided a reference method for the research and development of related preparations.
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Figure 1  Pictures of the marketed preparation. A: Marketed

preparation; B: Transparent needle-like particles; C: White irregular
particles; D: Transparent crystal particles; E: Red particles; F:
Scanning electron microscopy of marketed preparation; G: Scanning

electron microscopy of taurine. Scale bar: 200 pm
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Figure 2 Chromatogram of marketed preparations
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Figure 3 Raman spectra of marketed preparation. A: Marketed preparation; B: Caffeine; C: Magnesium stearate; D: White granules in

marketed preparation; E: Citric acid; F: Anhydrous glucose; G: Sorbitol; H: Taurine; I: Pantothenic acid. Scale bar: 100 pm (A), 200 um (B-I)
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Figure 5 Bitterness evaluation results. Active pharmaceutical

ingredient (API): Caffeine; Batchl: Blend; Batch2: Wet granulation
process; Batch3: Fluidized bed granulation process; Batch4: Hot-melt

extrusion; Batch5: Marketed preparation. ¥ = s, n = 10. P < 0.001.

ns: Not significant
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Figure 4 Hot-melt extrusion (HME) samples picture and its differential scanning calorimeter (DSC) analysis results



- 2518 - 22224 Acta Pharmaceutica Sinica 2022, 57(8): 2512 2519

- Dissolution curve of marketed preparation (n = 3)
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Figure 6 Dissolution curve and particle size of preparation

Table 1 Comparison of the quality of three batches of self-made

preparation with marketed preparation. NA: Not detected

Marketed Self-made preparation
preparation 20211111 20211119-1 20211119-2

Investigation item

Moisture/% 0.2 0.89 0.90 0.87
Fluidity
Angle of repose/° 36.89 37.73 38.01 36.24
Bulk density/g-mL" 0.76 0.75 0.73 0.75
Tap density/g-mL" 0.89 0.89 0.86 0.86
Carr index 14.5 15.8 143 13.4
API content/%
Caffeine 101.30 101.53 101.54 100.28
Taurine 100.11 103.00 97.68 99.18
Related substances NA NA NA NA
Wi
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