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The aim of the study was to formulate and investigate the pharmacokinetic parameters for the tablets of herbal 
extract of caffeine with comparison to synthetic formulation. The tablets of the aqueous herbal extract of leaves of 
Camellia sinensis and synthetic caffeine were formulated by wet granulation technique. The HPLC and HPTLC 
were applied as analytical tools for estimation of caffeine. The batches of formulation (B1 to B7) were subjected 
for various pre and post-formulation studies. The pharmacokinetic of the batch B5 was assessed in rabbits, and the 
results were compared to synthetic batch B7. With the suitable pre and post-formulation results, the B5 showed 
in vitro release of 90.54% of caffeine at the end of 60 min. The release followed first order kinetics and the plot 
of Higuchi and Peppas confirms anomalous diffusion as the basic mechanism behind the release. B5 revealed non-
significant mean C

max
,
 
t

1/2
, and AUC of 1.88 µg/ml, 5.52 h and 9.67 µg.h/ml respectively compared to B7. The 

study highlights; no significant difference in the pharmacological effect of caffeine when administered in the form of 
extract. The administration of herbal extract can further provide the other health benefits lacked by synthetic caffeine.
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The military personnel, drivers and the others 
involved in the late-night activities experience a 
situation of alertness. The consumption of caffeine 
provides alertness and motivates to work[1]. Caffeine 
is normally consumed as the daily diet in the form 
of coffee, tea and other beverages. The potentiality 
of tea to improve the alertness, vigilance, memory 
with cognitive functions and state of mood has made 
it the second most beverage consumed all over the 
world[1,3-7]. Apart from this, the consumption of tea 
obtained from leaves of Camellia sinensis (CS) also 
provides several other health benefits. The tea is 
widely used in treatment of tumor[8], diabetes[9], HIV-1 
infectivity[10], anogentital warts[11], inflammation[12], 
skin disorders[13], arteriosclerotic[14], asthma[15], and 
coronary heart disease[16]. Even it is having the 
antibacterial, antiviral, antiaging [17], and neuro-
protective activity[18,19].

One can undergo the therapy of synthetic caffeine 
to clinch the mood, but he or she cannot gain the 

other health benefits of tea as given above. As the 
availability of tea at late nights is negligible for 
alertness with health benefits, the present study 
aimed at preparation of tablets of extract of the green 
tea considering caffeine as a biomarker. The single 
dose pharmacokinetic (PK) parameters for tablets 
of extract were determined and compared with that 
of the synthetic. The study was also focused for 
any synergistic changes on the kinetic profile of the 
caffeine as reported the un-fractionated green tea 
can provide better action in the disease modifying 
properties[20].

MATERIALS AND METHODS

The Department of Pharmacognosy, JSS College of 
Pharmacy, Ooty, examined and authenticated green 
tea leaves obtained from the local market of Ooty. 
SD Fine Chemicals supplied synthetic caffeine (SC), 
lactose (monohydrate), talc, magnesium stearate and 
methanol (HPLC grade). Signet Chemicals, Mumbai, 
India, gifted cross carmellose and starch 1500 was 
purchased from Coloron Asia Pvt. Ltd. All the other 
chemicals used were of LR grade.
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Preparation and Quantification of caffeine in 
extract by HPTLC:
The caffeine extraction was carried out as reported 
earlier at 95° using water[21].The quantification 
of caffeine was carried out at  λmax of 275 nm 
(Camag Linomat IV, Switzerland) after development 
of pre-coated plates of 4×10 cm size (silica gel 60 F 
254, E. Merck) as described previously[22].

Compatibility studies:
The drug-excepients compatibility study was 
conducted by Fourier transform infrared (FTIR) 
spectral studies (FTIR spectrophotometer, Perkin-
Elmer-1600) using KBr pellets. All samples were 
crushed with potassium bromide. The weight ratio 
of sample and potassium bromide was 2 mg to  
300 mg, respectively. Crushed powders were 
compressed using a hydraulic compactor at 
approximately 20,000 pounds under vacuum for 3 
min. FTIR measurements were performed from 4000 
to 400 cm−1 at a resolution of 4 cm−1[23].

Tablet preparation:
Tablets of both SC (7 mg) and the extract 
(equivalent to 7 mg of caffeine) were compressed 
(Rotary Tablet Compressor, 10 station, Rimek, 
Ahmedhabad, India) using 6 mm standard punches 
by wet granulation technique with varying the 
process and formulation parameters[24]. All the 
powder mass was passed through BSS-80 mesh and 
mixed geographically for 20 min. The sufficient 
quantity of the granulating agent was added to 
obtain the cohesiveness and the wet mass was 
passed through mesh 10. The granules were, dried 
at 40° for 30 min and passed through mesh #16/22 
to separate the fines. The tablets were punched in 
presence of glidant and lubricant. The Table 1 gives 
the formulae of batch B5 and B7.

Pre-compression parameters:
The granules were studied for angle of repose, 
bulk and tapped density, compressibility index and 
drug content. The angle of repose was determined 
by funnel method using the below formulae where 
h and r were the height and radius of the powder 
cone (USP, 2006). The bulk and tap density was 
determined by taking the known quantity of slightly 
shaken granules. These granules were introduced 
to 50ml measuring cylinder to record the bulk 
density. This was then allowed to fall under its 

own weight onto a hard surface from the height of 
2.5 cm at 2 s interval. The tapping was continued 
until no further change in volume was observed. 
The density was calculated based on the weight of 
powder to volume occupied by it. The compressibility 
index was calculated using the below formula. 
Drug content was determined by analyzing the 
quantity of caffeine extracted into phosphate buffer 
pH 7.2 from 100 mg of granules. The samples were 
analyzed spectroscopically at λmax of 275 nm and 
expressed in terms of percentage. Angle of repose  
(∆)=tan-1(h/r); Compressibility index (%) = 100(TD-
BD)/TD, Where TD and BD represent tapped and 
bulk density, respectively[25].

Post-compression parameters:
The post-compression parameters like weight variation 
(n=20), drug content (n=10), friability (n=tablets 
to whole weight of 6.5 g), disintegration time 
(n=6) and hardness were determined. The test for 
post compression parameters except hardness was 
performed as per IP 2007. The drug content was 
estimated for individual tablets. The hardness and 
friability was calculated using Monsanto hardness 
tester (Cadmach, Ahmedabad, India) and friability 
testing apparatus (Indian equipments, Mumbai, India). 
The n represents the number of tablets used for the 
test. 

In vitro drug release:
The study was carried for 2 h using USP dissolution 
apparatus type II (Electrolab, Mumbai, India) at 
100 rpm using 900 ml of phosphate buffer pH 7.2 
as the media. The temperature of the media was 
maintained at 37±0.5° throughout the process. At 
known time interval the samples were withdrawn for 
analysis (HPLC, Shimadzu-LC 20AD) and replaced 
with equal quantity of the media to maintain the 
sink condition (USP-NF24, 2006). The studies 
were carried thrice for B5 and B7. The data of 

TABLE 1: FORMULA OF THE B5 AND B7 BATCH
Ingredients B5 (mg) B7 (mg)
CS extract Equivalent to 7 mg of caffeine -
SC - 7
Lactose 36 225.5
Starch 1500 12.5 12.5
Cros carmellose 12.5 -
Magnesium stearate 2.5 2.5
Talc 2.5 2.5
Water q.s. q.s.
SC - Synthetic caffeine
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the in vitro release studies were plotted in various 
kinetics models like a) zero order (cumulative 
amount of drug release vs. time); b) first order 
(log cumulative percentage drug remaining vs. 
time) c) Higuchi (cumulative percentage of 
drug release vs. square root of time) and  
d) Krosmeyer Peppas (log cumulative percentage 
drug release vs. log time) to study the release 
behavior[26].

Stability Studies:
The accelerated stability studies were carried 
according to ICH guidelines (Zone IV) at 40°/75% 
RH for the period of 6 months. At regular time 
interval, the formulations were, checked for their 
post-compression parameters and in vitro release 
studies[27,28].

PK studies:
With the prior approval of the ethical committee 
the single dose PK study was carried out on six 
healthy rabbits in each batch, three of either sex 
weighing 1.5±0.2 kg. The dose was calculated based 
on the body surface area[29]. The animals were fasted 
overnight prior to the study to avoid any chance of 
food interaction on the study. The oral dose was 
given through an intragastric tube with 0.3% w/v 
CMC suspension. Blood sample (1 ml) was collected 
in heparinized tubes from the marginal ear vein at 
0, 0.25, 0.5, 0.75, 1, 2, 4, 8, 12, and 24 h after the 
drug administration. The samples were centrifuged at 
3500 rpm for 10 min to separate the plasma and they 
were stored at -20±0.2° until analyzed. 

Statistical analysis:
Comparison between different groups was performed 
by One-Way Analysis of Variance (ANOVA) and 
student-T test using graph pad prism software.

RESULTS

The residue of green tea blend (15 g) was 
consecutively washed with water (10 ml) and 
combined with the initial filtrate and was evaporated 
to dryness at 40° using rotary evaporator. The extract 
was quantified for the caffeine by HPTLC with 
comparison with the peak area obtained for 0.5 mg/ml 
methanolic solution of SC. The application volume of 
extract and synthetic solution was 5 µl respectively. 
The fig. 1 displays the overlay view of the HPTLC 
spectra of extract and SC. The pre-coated plates 
developed using mobile phase ethyl acetate and 
methanol (85:15) was scanned by densitometer at 
wavelength of 275 nm. With the obtained peak 
area at Rf value of 0.61±0.01 it was estimated that 
3.8±0.072% w/w of caffeine is present. 

Compatibility, pre and post compression study:
The IR peak matching technique was applied for 
the study of drug-excipients interactions between 
the selected blend. The results were positive for the 
further study as all the ingredients were compatible 
with each other as well as with the extract and the SC.

Various batches of tablets were compressed by wet 
granulation technique and the Table 2 displays their 
pre and post-compression parameters. The hardness 
of all the formulations was greater than 3.05 kg. The 
angle of repose gives a qualitative assessment of 
internal and cohesive frictional forces. All the batches 
had an angle of repose less than 30° indicating good 
flow potential. The size and shape of the particles 
reflects the density of the material. The density is 
directly proportional to the number of spherical 
particles present whereas inversely to the size of 
the particles[24]. As the value of compressibility is 

TABLE 2: PRE- AND POST-COMPRESSION PARAMETERS OF THE BATCHES WITH STANDARD DEVIATION
Parameters B1 B2 B3 B4 B5 B6 B7
AOR (°) 24.48±0.67 23.64±0.87 21.47±2.17 22.22±0.95 20.43±1.04 18.15±0.69 17.49±0.49
BD (g/cm3) 0.613±0.03 0.678±0.04 0.759±0.03 0.871±0.03 0.849±0.03 0.631±0.02 0.626±0.02
TD (g/cm3) 0.737±0.05 0.806±0.01 0.857±0.03 0.976±0.01 0.961±0.02 0.691±0.01 0.690±0.01
CI (%) 16.33±10.60 15.82±6.13 11.30±6.81 10.74±4.56 11.63±3.29 8.75±2.19 9.19±2.12
Granules DC (%) 92.04±2.24 91.79±0.50 92.96±4.05 92.58±0.58 93.14±0.46 99.07±1.29 98.53±1.34
Avg Wt of Tablet (mg) 250 ± 7.5%
Tablet DC (%) 91.97±1.70 91.11±1.60 90.06±0.76 91.76±1.15 92.13±1.30 98.76±0.77 98.87±0.65
Hardness (kg/cm2) 11.33±0.57 6.33±0.57 5.66±0.57 4.66±0.57 4.66±0.57 5±0 8±0
Friability (%) Not more than 1%
DT (min) 124±13.03 93.83±12.3 36.16±5.70 27.66±2.58 10.5±2.25 1.33±0.25 11.58±0.66
All the values represents the mean±SD (n=3). AOR indicates Angle of Repose; BD and TD symbolize Bulk and Tap density; CI and DC stands for Carr’s Index and 
Drug Content respectively. DT stands for Disintegration time. B1 to B7 stands for batches prepared with alteration in process parameters.
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less than 15% in all the cases except for that of B1, 
the granules produced the adequate flow and stable 
packing. Not much difference was observed for the 
same in case of B2[30].

Process and formulation variable study:
Initially the B1 containing MCC and starch 1500 has 
disintegrant and binder respectively at concentration 
of 5% w/w (each) of tablet weight[31,32] had a 
disintegration time (DT) of 124±13.03 min. This 
was too high and out of the limit for a conventional 
formulation. In B2 the MCC was completely 
replaced with starch 1500 which reduced the DT 
to 93.83±12.35 min. For further drop in DT the 
concentration of the starch 1500 was reduced to 5% 
w/w of tablet size in B3 and the DT reported was 
36.16±5.7 min. The B4 recorded a slight change 
in DT on addition of cros carmellose sodium[33] 
at concentration 2% w/w of tablet and increase in 
concentration to 5% w/w (B5) resulted in suitable 
formulation that was ideal for conventional oral drug 
delivery of herbal extract in tablet form. With slight 
alteration of the formula of the B5 the tablets of the 
SC were formulated and the DT was within 2 min. 
(1.33±0.25 min). 

In vitro release:
The dissolution study was, carried for B5 and B6 as 
the DT was suitable for the study. The B6 released 
almost 90% of the drug at the end of 20 min whereas 
the B5 released more than 70% of drug at the end 
of 40 min. For the better correlation of the study the 
super disintegrant was eliminated in the B7 which 
provided DT of 11.58±0.66 min almost equal to that 
of B5. The B7 had almost similar results as that of B5. 

The release kinetics was studied by the application 
of mathematical models. The zero order describes 
the system where the drug release rate is independent 
of its concentration (fig. 2). The first order (fig. 3) 
describes the release from the system, which is 
dependent on the concentration. Higuchi model (fig. 4) 
provides the process of diffusion (Fickian or non-
Fickian) whereas Krosmeyer Peppas model (fig. 5) 
describes the mechanism by which release can occur. 
Data for the first 60% of drug release was plotted in 
Korsmeyer Peppas model[34]. The accelerated stability 

Fig. 1: Overlay view of HPTLC of SC, green tea extract and blank 
(solvent system). 

Fig. 2: Zero order release profile.
Zero order release profile of the batch B5 (■; y=1.291x+29.53, 

R2=0.868) and B7 (●; y=1.259x+24.67, R2=0.903). Each point 
represents the mean of three observations.

Fig. 3: First order release profile.
First order release profile of the batch B5 (■; y=-0.017x+1.981, 

R2=0.996) and B7 (●; y=-0.023x+2.020, R2=0.993). Each point 
represents the mean of three observations.

Fig. 4: Higuchi model.
Higuchi model for the batch B5 (■; y=13.75x-2.708, R2=0.948) and 

B7 (●;  y=13.31x-6.268, R2=0.971). Each point represents the mean of 
three observations.
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study was carried only for B5 and B7 and found 
stable throughout the studies with no significant 
deviations in the results for what it is analysed.

PK parameters and statistical analysis:
The in vivo PK was carried on six rabbits (3 of 
either sex) at a dose of 7 mg/kg body weight. The 
plasma samples were analyzed by reverse phase HPLC 
(Shimadzu UFLC LC20AD) with chromatographic 
conditions as methanol:water (65:35) as mobile phase 
and phenomenex Gemini C18 (250×4.6 mm, i.d. 5µ) as 
a stationary phase. The flow rate of mobile phase was 
set at 1 ml/min and the samples were detected by LC 
solutions as the data station at 272 nm[35,36]. The typical 
HPLC chromatogram of the caffeine with internal 
standard is given in fig. 6. The quantification of the 
chromatogram was performed using peak area ratios 
(response factor) of the drug to the internal standard. 
Table 3 provides the various PK parameters estimated 
for batch B5 and B7 by PK1 and PK2 software. The 
one way ANOVA applied for all the case studies 
resulted, the p value of 0.9316 and the average of the 
case studies were again applied to student-T test which 
reported the p value as given in Table 3.

DISCUSSION

The aqueous extraction of CS was carried for not 
more than 10 min to prevent the degradation of 

the other major catechins (epicatechin, epicatechin 
gallate and epigallocatechin etc) which provide the 
additional health benefits as discussed earlier. Perva-
Uzunalic et al., showed that the aqueous extraction 
of CS yield better caffeine extractive value based 
on which the effect of other solvents for extraction 
was not studied[21]. The FTIR spectra of the SC 
revealed the predominant bonds at wave number 
1703, 3112, 2953, 1236 and 1024, and 1657 cm-1 
for C=O (s), =C-H (w), C-H (w), C-N (w) and 
C=N (w) respectively. Mohammed MJ and his team 
also observed same results for pure caffeine[37]. The 
same results were also observed for the extract[38] and 
the blend of the excipients containing SC and extract 
confirming the presence of caffeine and absence of 
any interaction of it with the excipients. 

The preparation of tablets involves two basic 
techniques a) wet compression and b) direct 
compression. The techniques have their own 
advantages and disadvantages. The limits of direct 
compression like isolation, low dissolution potential, 
and poor compression of API made us to opt wet 
compression[39]. Apart from this wet granulation has 
several leeway like better flow property, reduced 
air entrapment and cross contamination, improved 
surface hydrophilic and cohesion at and later to 
compaction[40]. The excipients used in this study are 
commonly used in the granulation process to obtain 
tablets. The MCC is used as disintegrant, Starch 1500 
as binder, lactose as filler, croscarmellose as super 
disintegrant, talc and magnesium stearate as glidant 
and lubricant with water as the granulating fluid. 
In the process of product development, some of the 
chemicals were omitted and added. 

Fig. 5: Krosmeyer peppas model.
Krosmeyer peppas model for the batch B5 (●; y=0.815x+0.762, 

R2=0.980) and B7 (■; y=0.813x+0.710, R2=0.999). Each point 
represents the mean of three observations.

Fig. 6: Typical HPLC chromatogram of Synthetic Caffeine with 
internal standard theophylline.

TABLE 3: COMPARISON OF PK PARAMETERS OF B5 
AND B7 BATCH BY STUDENT T TEST
PK parameters B5 B7 P 

value
Significance

Cmax (µg/ml) 1.88±0.27 1.99±0.38 0.2844 Ns
Half life (h) 5.52±1.49 5.38±1.43 0.8645 Ns
AUC0-24(µg.h/ml) 9.67±2.93 9.74±2.62 0.9694 Ns

All the values represents the mean±SD (n=6). PK stands for Pharmacokinetic 
and Ns for non-significant. 
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The disintegration time for a tablet is dependent 
upon its moisture sorption. The replacement of MCC 
with starch improves the disintegration time as the 
starch has strong affinity to the water molecules 
because of the presence of abundance hydroxyl 
groups and the glucose monomers than MCC[41-43]. 
The intake of high moisture content may result in 
strong cohesion between the particles, which may 
delay the disintegration time affecting the rate of 
dissolution[44]. Thus, in the B3, the concentration 
of the starch 1500 was decreased with increase 
in lactose ratio. Increase in lactose concentration 
can also decrease the disintegration time as it can 
produce a large number of small particles due to 
its nature of creating fragments[45,46]. With all these 
changes and irrespective of hardness, the tablets 
were still out of limit for disintegration time, which 
may be because of formation of paste in contact 
with test fluid (distilled water). The paste may 
resist the test fluid to enter the core of the tablet 
gradually reducing its disintegration time and in all 
the cases discussed above the tablets disintegrated 
from the surface with maintenance of its shape. 
Kurita et al also observed the same results[47]. Thus, 
the super disintegrant croscarmellose was, added 
at concentration of 2% and even Parmar reported 
the formulations with starch 1500 need separate 
disintegrating reagent[48]. The above concentration 
was not sufficient enough hence increased to 5% to 
get the results within limits of standards (IP 2007). 
Application of the same formulae to the SC aided 
to immediate release formulation (B6) rather than 
a conventional as there was no formation of pasty 
layer in presence of test fluid so the disintegrants 
was eliminated in B7. The dissolution data obtained 
for B5 and B7 produced the curvilinear plot when 
fit to zero order kinetics model suggesting that the 
release process is dependent on the amount of the 
drug available for dissolution and diffusion. The 
first, Higuchi and Krosmeyer models were also 
plotted to confirm the same. The release of the 
drug was best explained by first order followed by 
Higuchi model. The regression coefficient with high 
linearity (Higuchi model) indicates that the diffusion 
is the dominant mechanism involved in the release 
of the drug. To confirm the mechanism, the data 
was fitted to Krosmeyer Peppas model. The high 
slope value of the model indicates that diffusion is 
not only the process of drug release. It appears to 
indicate a combination of diffusion and erosion so 
called anomalous diffusion. The relative complexity 

of this formulation and its components indicates 
more than one process is involved in drug release.

The PK parameters of caffeine for both the extract 
and the synthetic formulation were evaluated directly 
after oral administration to rabbits. The study 
was carried to evaluate the difference in the PK 
parameters between the two formulations. The PK 
study of the extract formulations was studied on the 
same animals by providing the lag time of 2 weeks 
which may nullify the effect of subjects. 

The one way ANOVA applied to study the difference 
of variance reported the non significance among the 
cases and was further confirmed by student-t test with 
the P value greater than 0.05. Plasma concentration 
and biopharmaceutical parameters for the tablets of 
batch B5 and B7 are summarized in Table 3. The 
formulations were stable even after 6 months with all 
the results lying in the range discussed earlier.

With the no significance of the PK parameters 
we conclude that it is better to administer the CS 
extract rather than SC as it provides the other health 
benefits discussed earlier. As the therapeutic efficacy 
is directly dependent on the PK parameter, we also 
conclude that formulations are significantly equivalent 
with no synergistic action on efficacy in case of 
extract. As it is difficult to formulate the tablets of 
human dose of CS extract because of its high dose 
size, study on altered dosage form is required along 
with its bioequivalent studies. 
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