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Abstract: Problem statement: Increasing interest from the general public to beebal remedies,
exposes a considerable need to document ancientcahgatactices, as well as to investigate the
efficacy of “ancient” compounds currently reputedhave medicinal benefits for such diseases as
diabetes and obesityApproach: In order to investigate the efficacy of “karkatidRoselle-
Hibiscus sabdariffa tea as a means of reducing post-prandial bloodogki levels in human subjects,
10 g of dried karkadeh was brewed in 500 mL of waa#lowed to infuse for 60 min and imbibed
along with a high glycemic index foo®Results: Data showed that in one individual, karkadeh tea
taken in connection with a carbohydrate based fastkneal resulted in a significant increase (17%;
p<0.01) in blood glucose level. an ordinary breakfast tea 60 min after ingestMareover, in a study
involving eight individuals, a slower rise to maxim levels and a greater Area Under the Curve
(AUC) in terms of blood glucose was noted for tlaekadeh tea plus a high glycemic index food cf.
that of water imbibition with an identical high glmic food. Conclusion/Recommendations:
Karkadeh tea appears to have an effect in ternséowfing the rate of rise in blood glucose following
consumption of a high glycemic index food, but thiimately it induces a greater degree of glucose
absorptiorcf. other types of imbibed fluids.
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INTRODUCTION the drinks high ascorbic acid (vitamin C) contént
Moreover, in folk medicine, the calyx extracts ased

Perhaps as many as 60% of Americans ar@or the treatment of several complaints, includiigh
overweight and this has given rise to interest inpood pressure, liver diseases and féer

compounds that can reduce dietary sugar absorption
in vivo. One such compound is lectin from the kidney
bean Phaseolus vulgaricus Linn.), a glycoprotein that | . . . h . )
is well known for its ability to bind sugars at Idewels, Llnn._, _known n Arqb|c as K_arkadgh, IS an e<_j|ble
thus impairing their intestinal absorptiBn However, ~Medicinal plant native to India, China and Thailand
lectins are potent mitogens and can even becom\é(h'c_h_'s 2?ommonly usgd in Ayurveda and traditional
cytotoxic at higher levels of intake, which become medicing?. However, it has recently come to the
necessary if they are to be effective as sugakbhsc author’s attention that the ancient Egyptians o th

Clearly another natural alternative to lectins isMiddle Kingdom also relied on this plant, which is
needed and this might be available in the form ofreportedly only to be found in the Aswan regionwits
Hibiscus sabdariffa L. (English: Roselle, red sorrel; used by the ancient Egyptian Kings and is stilise by
Arabic: karkadeh), which has been tried and tefded the locals even today. A preparation of the petaid
more than 3000 years. The calyces of roselle haea b flower of this plant as an aqueous extraction ea”t
and indeed still are used in many parts of the dvtwl gives rise to a red-coloured drink, which should be
make cold and hot drinks, being quite healthy owimg imbibed whilst cool, being relatively tastelessy(Fi).

Historical background: RoselleHibiscus sabdariffa
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s Single subject repeat study: For the blood glucose and
Roselle Hibiscus sabdariffa) breakfast plus tea trial, a
single male human volunteer was recruited.

The volunteer was subsequently provided with a
Freestyle Lite blood glucose monitoring system
(DBMK301-C0165, Abbott Diabetes Care Inc.,
Alameda California, USA) and instructed in its uEke
volunteer was then told to follow a strict routioé
blood glucose measurement upon awakening in the
morning and to repeat this measurement 60 min after
consuming a breakfast meal. The subject was prdvide
with 100 g portions of a commercial breakfast cerea
(sugar coated flakes of maize: 375.7 calories gnerg
4.5 g protein, 87 g of soluble carbohydrate and d.6
Fig. 1. Dried petals of Roselle, known in Arabic asfat-per 100 g portion), which he consumed with além

“Karkadeh” (Hibiscus sabdariffa  Linn)-  quantity of skimmed milk and a 250 mL volume of
collected from the Aswan region of Egypt. The either an English Breakfast tea, or an equal voloifne
photo was taken using a Canon Digital Ixus 60Roselle tea, which was provided for him. The subjec
camera with 6.0 megapixel resolution, on thethen repeated this procedure over a 6 day period,
30th of April 2008; shutter 1/60, /3.5, focal carefully recording the blood glucose values ayp there
length 8.4 mm. Scale bar =5 cm taken. It should also be noted that the subjectiesd
relatively inactive over the period of measurement,
In Egypt, during the hot summer months, numerousindertaking only sedentary work at a desk.
traditional drinks such as karkadeh are consumetl an
are known to have a beneficial effect on humanMultiple subject study: Volunteers for this study were
healt'®. However, a decreasing preference for the oldalso provided with a Freestyle Lite blood glucose
and more traditional ways and a move towards amonitoring system (DBMK301-C0165, Abbott
increasing use of commercially produced carbonate®iabetes Care Inc., Alameda California, USA) and
drinks, soft drinks and fruit nectars has resulted instructed in its use. The subjects consumed a high
elevated blood glucose levels with deleteriousatéféo  Glycemic Index (GI) food on two occasions (chooelat
the health and well-being of the general poputéce coated toffee and caramel bar: 449 calories enérgyy

Of particular interest is the fact that Roselle '|as  protein, 69 g of soluble carbohydrate and 17.4tgéa
recently been shown to have a pancreatiamylase 100 g portion) with a 250 mL volume of water andrih
inhibitory action, which appears to be attributatldts ~ subsequently on the following day, with an equal
hibiscus acid conteft'. volume of Roselle tea. In this way the subjectedets

Thus, it is with these aspects in mind that weehav their own control. Blood glucose measurements were
sought to test the effects of karkadeh tea madm fro made at time zero (before ingestion of food or Igrin
Hibiscus sabdariffa collected from Aswan, on blood and at 10, 20, 30, 45 and 60 min subsequent to
glucose levels in two separate trials in humanesttbj  consuming the high glycemic index food. Finally, as
Our working hypothesis being that karkadehwith the previous single subject repeat studyhidd
consumption in connection with a high glycemic inde be noted that the subjects remained relativelytivac
food reduces post-prandial blood glucose levefls over the period of measurement.
other forms of fluid intake.

®scus saBDARIFI

FARKADEH

Hibiscus sabdariffa tea preparation: A 10 g quantity
MATERIALSAND METHODS of dried Hibiscus sabdariffa petals, obtained from the
Aswan region of Egypt, were immersed into 500 mL of
The human volunteers recruited for the single andoiling water and left to infuse the water for aipé of
multiple subject studies gave their informed comsen60 min. After this time the petals were removed trel
and the study was conducted in accordance with theow scarlet-red solution was bottled and stored°ax
Declaration of Helsinki. Furthermore, permissionswa until used.

granted by Zayed University to allow us to undegtak A measurement of the pH of the infusdibiscus
the glucose determinations on some volunteesabdariffa tea revealed a value of 2.5 using triple-
participants aged 18 and over. square pH-indicator strips (non-bleeding) which aver
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allowed to stabilize for a period of 10 min befdn&ing Table 1: Measurement of an increase in blood geicmsicentration
read from the colorimetric scale that came with the post “breakfast” in combination with either English

. breakfast tea (Control) or Karkadeh tea
strips (Merck, D-6100 Darmstadt, Germany). oVemi(ght Po)st meal*

fast blood (60 min)
Blood glucose measurements. Blood glucose glucose  blood Delta o
concentration was measured in blood samples taken level =~ glucoselevel increase Statistical
. . . . . (mmol L) (mol L™) (mol L) Significance

after a finger prlck_W|th a sterile surgical lancet (n=6) 532018 7.03051 165 P =001
(Freestyle-Abbott Diabetes Care Inc., Alamedakarkadeh (n=6) 5.58€.10 8.230.43"* 2.65 P =001
California, USA). A drop of blood (0.3 pL) was n =6 indicates the number of repeats performethersame individual
introduced on to a Test-Strip, which was inserteéd B~ subject. *: 100 g of sugar coated cornflakes; 1&J&nergy, 4.5 g
Freestyle Lite blood glucose monitoring systemProtein. 87 g carbohydrate and 0.6 g fats; **: @iénces between

. means were assessed for statistical significanicey s Paired t-test
(DBMK301-C0165, Abbott Diabetes Care INC., after ensuring normality with a Kolmogorov-Smirriest; **: Mean is
Alameda California, USA). The system, which gave asignificantly different from that of the Control@rp at 60 min post
result within 5 sec of applying blood to the TestlS  meal (p<0.01)
had a sensitivity range of 1.1-27.8 mmol” Lblood
glucose and relied on a colometric electrochemical - Control
analytical sensor. It should also be noted thattifpe of 319 B Hibiscus
equipment had an inherent variation in terms of

reliability of repeat measurements in the ordet1ii%.

lucose (mm)

Statistical analysis: Data were presented as means
SE. Normality in the data set was assessed using 2>
Kolmogorov-Smirnov test and differences between 2=
means were tested for statistical significance gusin
Paired two-tailed t-test-GraphPad InStat Versidh [3.
(Sept. 2003) for Macintosh, GraphPad Software, San

Diego California, USA. Differences showing a p-\valu

. . . pe M TSEm =8
>0.05 were considered non-significant. —_— " ' ' .

0 10 20 30 30 50 60
RESULTS Time (min)
Single subject repeat study: The single subject, who Fig. 2: A time course for blood glucose concentrati
was 43 years-old and who weighed 90 kg, was neither post-prandial in subjects imbibing water
diabetic nor from a family with a history of diabst (CONTROL; m) or hibiscus tea (HIBISCUS;)

In Table 1 the data collected from a series of six with their meal. The dotted line represents the
daily repeats performed over a 12 day period in one baseline blood glucose values (pre-meal) for the
individual, showed a significant (p<0.01) incredre group. The AUC for the Control group was
blood glucose concentration 60 min after ingestng 36.93, whilst the AUC for the Hibiscus group
breakfast meal with a 250 mL volume of English was 44.78. Values are mearSEM of 8 subjects

Breakfast tea or Hibiscus tea. Moreover, a comparis

of the breakfast meal with Hibiscus tea rather than |n Fig. 2, the curves for the Control and the
English Breakfast tea resulted in a significantQ®d)  Hibiscus groups (n=8) were not found to be
1.2 mM higher blood glucose concentration at the 6Gignificantly different, despite a clear trend tods a

min post-prandial recording time. slower yet greater glucose uptake following ingersti
) _ of a meal with Hibiscus tea rather than water.
Multiple subject study: Data were analyzed for 8 Analysis of Fig. 2 in terms of the Area Under the

subjects, of which 4 were female (age geari8- Curve (AUC) revealed a value of 36.93 for the cointr
43 years, mean: 28t8.9 years). The subject group as agroup, whilst the AUC for the Hibiscus group was
whole measured on average 1220 cm in height and 44.78, which represents a 20% increase in the ¢libis
weighed 81.86.1 kg. Average BMI for the subjects group Vs controls.

was 27.41.6 kg.m?, where normal values fell between

18.5 and 24.9 and one third of the subjects wenado Data analysis. The power of the data presented in Fig. 2
to have a BMI below 24.9. was calculated to be between 30 and 40% for the SD
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and deltas of the means at the following time @i, Table 2: The glycemic index of some common foods

30 and 45 min. In order for these deltas (0.376 @u3d  Breakfast cereals Comnflakes 77 Weetabix 75
0.55 Control vs. Hibiscus at 20, 30 and 45 min, grrg‘,'ﬁ pasta vmi ‘r;% V\?ﬁgg&eégf;?
respectively) to be found significantly differenitiva  yegetables Carrots 49 Baked Potato 85
confidence of 90% and the current level of variarece Legumes Butter Beans 31 Kidney Beans 27
sample size of some 40 subjects would most likely b Fruit Apple 36 Banana 60
required Orange 43 Grapes 43

a : Dairy Foods Whole Milk 27 Yoghurt 33

o ) ) Confectionary Chocolate 49 Mars Bar 68

Classification of sourced literature: The literature  Sugars Honey 58 Sucrose 59

cited in this manuscript was sourced and selecte@ource: Foster-Powell and Brand Milléf
according to dated impact factor, methodological
association, relevance of results and statistie#h,das Thus the GI can be seen as a measure of the type of
well as the region in which the study was undemake  carbohydrates in a particular food, as well as fast
50 g of a particular carbohydrate induces a riseldond
DISCUSSION glucose levels upon being digested.
Other studies refer to the so-called Glycemic Load

Clearly karkadeh tea has been used from a humagsL), which is the application of Gl to a standard
health perspective for more than 3,500 years. & thserving of a particular food. Thus, a “Mars Bar”iath
present study it has been found that karkadehetadts  has been measured as having a Gl of 68, making it a
in a significantly (p<0.01) higher blood glucoserde  “high” Gl food can be determined as having a GI128f
post-prandially (60 min) in repeat experiments in abased on the calculation [(68/188%.5]; where 34.5 g
single healthy individual and that whilst no sigedint  represents the carbohydrate content per 50 g of$Ma
effect was found for a multiple subject study, theras  Bar”. For a comparison of the Gl values of some
a trend towards a slower rate of increase in bloodommon foods, see Tabl€%

glucose to a maximum level post prandially andrgda Carbohydrate intake varies according to athletic
AUC with karkadeh tea, than occurred with imbihitio demands and with diverse sporting activities. Aide
of water. for instance, should aim to meet carbohydrate needs

during training regimens and thus maximise the
Blood glucose levels: A blood glucose level of 7.0 mM restoration of their muscle glycogen stores. Indeed
or greater after a prolonged period of fasting ispre-event meal is necessary to increase carboleydrat
considered diagnostic of diabetes. Indeed, in nbrmaavailability prior to prolonged exercise sessiand -
healthy individuals a post-prandial blood glucose4 g kg" BM eaten 1-4 h prior to exercise. Furthermore,
concentration exceeding 7.8 mM at 1 h is quite/fdre chronic or indeed every-day situations may necatssit
Whilst in type Il diabetes patients, fasting blooddaily glycogen store recovery or fuel needs forstho
glucose levels >110 mg dt. (6.1 mM) are associated athletes participating in moderate exercise prognam
with substantial cardiovascular ri8kas is detection of (i.e., <1 h or exercise of low intensity) at 5-7kg*
high levels of HbAJ?2. BM day .

In the present study, however, normal resting

“inter-meal” levels of blood glucose, comparable toKarkadeh and blood glucose regulation:
those reported in the literature (3.9-6.1 mM) wereHyperglycemia, at least within the first 30 min
found", despite the fact that two-thirds of the subjectsfollowing ingestion of a meal, has been suggested a
had a BMI of 25 or above. being glucotoxi®!. This is primarily based on the

known effects of hyperglycenttd and the fact that
Food classification: Diets/foods with a high Glycemic even individuals with a good dietary control oflukites

Index (GI) cause rapid and strong increases in®loo have a diminished release of insulin over the firif
sugar levels, which have been linked to an incieasean h following a me&P!

risk of diabetes. Thus, compounds capable of redyci Thus the trend shown in this study for the mudtipl
or alleviating this effect of high glycemic indexods is  subject trial of a slower rate of rise in blood qise
desirable. concentration (10-30 min) to a maximum level,

The glycemic index for a food is measured byfollowing consumption of a high glycemic index food
feeding a known portion of a carbohydrate meal andvith karkadeh tea may be of importance for sucbhetia
then following blood glucose levels at regular intds.  subjects. Furthermore, the very real possibilitytth
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karkadeh tea, taken in conjunction with low glycemi mice, resulting in elevated Alanine Aminotransferas
index foods, which are currently recommended for(ALT) levels on days 15 and 45 of treatment. These
diabetic§™", should be explored as this may provide aauthors, however, found that triglycerides and
means of inducing a greater reduction in the eadg  cholesterol levels were not significantly affedted
of rise in blood glucose concentration reportedtich Extracts of Hibiscus sabdariffa in combination
individuals. with vitamin C have been found to increase the-anti
Hypoglycemia, on the other hand, also known asxidant defence systems of rats and reduce the
“low blood glucose” or “low blood sugar”, occurs @ incidence of organ damage Treatment with vitamin C
blood glucose drops below normal levels. A recentgnd Hibiscus sabdariffa (400 mg kg significantly
review highlighted the risk of hypoglycemia in atfs  gecreased serum ALT activity (p<0.05). In addition,
admitted to an intensive care or intermediate 8&&,  reatment with vitamin C anHibiscus sabdariffa (400

where tight glycemic control was imposed, whilst 304 800 mg kg) significantly (p<0.05) elevated the
patients with septic shock and those with neurelogi | eis of reduced glutathione by 41 and 44%
compromise are also at risk of eXperienCingrespectiver at 5 weelks '

hypoglycemia eventts!. Also at risk of developing In other fields of research, pre-treatment with an

hypoglycemia, are geriatric patients with  type 2aqueous extract dflibiscus sabdariffa has been shown

diabetes mellitus, in which glycemic control is ested i It in sianificantl <0.01) | hepatotii
by pharmacological meatd. In such elderly patients 0 result In significantly (p .01) ess hepa otmby.
and to protect rats against cadmium-induced liver,

there is a very real risk of pharmacological sitfeas, > 99 il
drug-disease and drug-drug interactions which coul@’ostate and testis lipoperoxidation Moreover,

induce hypoglycemic periods. In the light of thereat Hibi_scus %\bda_riffg treatment increases the activity of
findings, which indicate a significant (p<0.01) 17% testicular antioxidant enzymes and restores sperm
increase in blood glucose levels 60 min after akfast ~ Motility in cisplatin-treated ralfé.
meal when consumed with karkadeh tea rather than Finally, experiments carried out on rats and rebbi
English Breakfast tea, it would seem that the ayid have  demonstrated the  unequivocal  anti-
use of karkadeh tea in such patients should béothes  hypercholesterolaemic, anti-nociceptive and anti-
of future studies, particularly as this study appem  pyretic effects oHibiscus sabdariffa, although no anti-
indicate that the post-prandial blood glucose iise inflammatory effects were notéd Additionally, calyx
slower and longer sustained with karkadeh tea. extracts applied to smooth musdle vitro appear to
inhibit the resting tone of isolated muscles ant oi
Scientific evidence of other effects of karkadeh:  extracted from the seeds éfibiscus sabdariffa has

Besides its reputed effects in terms of glucoseyeen shown to have an inhibitory effect on itheitro
absorption, karkadeh has been the focus of numeroyfowth of certain bacteria and fuffyi

other scientific investigations, some of them
contradictory. For an overview of the effects of CONCLUSION
Hibiscus sabdariffa in terms of the treatment of certain
obesity comorbidities including hyperlipidemia and

elevated blood glucose levels see Dickell, 20 This study indicates that in contrast with herbal

| v studibi bdariff ted i folklore, karkadeh tea taken in connection with a
_nan early stu JHibiscus sal arifta resufted in a rapidly soluble carbohydrate meal results in a
significant (p<0.01) decrease in serum creatinine,. .. . :

. “significant increase in blood glucose and not an
cholesterol and glucose in treated rats compared wi:. 7. .. . .
controls as well as a significant (p<0.01) increase |nh|b|t|on..Wh|Ist furt_her s_tud|es of the use anuisd of
serum uric acid®. More recently, oral administration karkadeh in connection with other food types amgda

cohorts are now needed, we tentatively concludé tha

of an alcoholic extract oHibiscus sabdariffa at a o )
concentration of 250 mg Kybody weight has been karkgdeh tea may ha\_/e a beneficial effect in tecnms
slowing the rate of rise in blood glucose following

found to normalize levels of ammonia, urea, uridac ] ) -
creatinine and non-protein blood nitro§8 The consumption of a high glycemic index food and that

administered extract was also found to elevateldene  this in itself may be of importance in terms ofuethg

catalase, superoxide dismutase, glutathione peasgid POst-prandial hyperglycemia and its links with ifisu
and reduce glutathione in hyper-ammonemic rafesistance and cardiovascular disé&8e Moreover,

braing'?. karkadeh should now be investigated as a means of
Hibiscus sabdariffa attenuates body weight gain in improving glycemic control in patients at risk of
obese mice and increases fluid intake in healtrgseb hypoglycemia.
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