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SUMMARY AND CONCLUSION

Dietary supplements containing Ginkgo biloba L. are of the top best-selling
botanicals in the world. They are used in the treatment of Alzheimer’s disease,
neurodegenerative disease, cerebral insufficiency, and eye ailments. The major
contributors to the positive biological effects attributed to Ginkgo are flavonol glycosides
and terpene trilactones. The flavonol glycosides are mainly derivatives of quercetin,
kaempferol, and isorhamnetin aglycones. The aglycones themselves occur only in
relatively low concentration in extracts. Approximately 35 flavonoids have been isolated
from Ginkgo biloba L.. Five coumaroyl esters of Ginkgo flavonoids have been isolated and
identified. Coumaroyl esters of Ginkgo flavonol glycosides are unstable because of the
presence of two centres of instability. Accordingly, stability indicating method of assay for
flavonol glycosides is essential. Ginkgolic acids are negative markers found in Ginkgo
biloba L. leaves and extracts.

Monographs for Ginkgo extract can be found in various pharmacopoeias, including
the USP, Ph. Eur., and the BP. The USP monograph for Ginkgo extract specifies a
flavonoid content of 22-27%, calculated as flavonol glycosides, terpene trilactones content
of 5.4-12% consisting of bilobalide ,ginkgolide A, ginkgolide B, and ginkgolide C, and a
maximum content of 5 ppm for ginkgolic acids. As a parameter for quality/authenticity the
USP method also mandates to monitor a quercetin/kaemferol/isorhamnetin ratio of the
hydrolysed extract based on their respective peak areas. The kaempferol peak must be 0.8-
1.2 times the size of the quercetin peak, and the peak for isorhamnetin must be not less
than 0.1 times the size of quercetin peak.

The current USP method for the assay of flavonol glycosides content, in Ginkgo
biloba L. extract, 1s non-stability indicating. It involves acid hydrolysis of flavonol
glycosides to aglycones and back calculates the total flavonol glycoside content from the
aglycone concentration in extracts. This means that the prescribed assays quantify flavonol
aglycones and not the flavonol glycosides. The latter are responsible for the claimed
activity. Accordingly the pharmacopoeial methods are not capable of detecting adulteration
of  Ginkgo  extract with free  flavonol  aglycones.  Although  the
quercetin/kaemferol/isorhamnetin ratio can detect inferior quality products containing
Ginkgo biloba L. extracts; however it might fail to detect counterfeiting with aglycones.
Terpene trilactones are unique components of Ginkgo biloba L. and they are expensive to
purchase. Accordingly, literature survey does not document counterfeiting with these
compounds. However, the defect in the USP method for the assay of terpene lactones is the
use of refractive index detector with questionable sensitivity.

The aim of the present work is to establish a stability indicating method that can
test the quality parameters of Ginkgo biloba L. containing products and identify the
inferior, hydrolysed, and counterfeit products.

Ten commercial samples of Gingko biloba supplements were purchased (A-J).
Nine were from local market and one from United Kingdom (J). Six were in a capsule
form (C, D, E, F, H, and I) one soft gelatin capsule (G), and three were tablets (A, B, and
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J). Five samples claimed 24% flavonol glycosides and 6% terpene lactones by weight on
the label (B, C, D, H, and J). Their shelf life varies from 2 to 5 years. Six samples were
registered as dietary supplements (C, D, F, G, 1, and J) while four as medicines (A, B, E,
and H). Ginkgo biloba L. USP standardized extract was supplied. Also two different
Gingko biloba extracts from different manufacturers in the local market were obtained.
Ten products were assayed for their flavonol glycosides content according to USP 36 after
hydrolysis of flavonol glycosides and doing chromatographic fingerprinting according to
the recommended method in the thesis. Only eight products were assayed for terpene
trilactones and ginkgolic acids. Also microbial count analyses for some products were
carried out.

Out of the eight Products assayed for ginkgolic acid content, Five products (C, D,
E, G, and I) failed the USP requirements and showed extremely high limits compared to
the acceptable compendial requirements ranged from 29 to 1528 ppm. For the microbial
count analyses, all samples were found to meet the requirements of the tests for absence of
Salmonella species and Escherichia coli. The total aerobic microbial count and the total
combined molds and yeasts count did not exceed the required limit.

Out of the ten products assayed for total content of flavonol glycosides, only
products A and B were found to contain the required percentage of flavonol glycosides and
the required Q/K/I ratio. HPLC fingerprints before hydrolysis of these two products
demonstrated recognizable peaks characteristic of the USP standardized Ginkgo extract.
Percentage of terpene trilactones also complied with USP requirements, suggesting that
these two products are of a good quality. It is worth mentioning that these two products are
registered as medicines.

Four products (C, D, E, and F) were found to be adulterated with rutin. This was
confirmed from the product HPLC fingerprints before hydrolysis which showed only one
prominent peak due to rutin and did not demonstrate the recognizable peaks characteristic
of the USP standardized Ginkgo extract. Products D and E were found to contain the
required percentage of flavonol glycosides but not the required Q/K/I ratio. Products C and
F neither contained the required percentage of flavonol glycosides nor the required Q/K/I
ratio of USP requirements. Products C, D, and E were analyzed for terpene trilactones
content and they all failed the USP requirements.

Two batches of product G were analyzed and it was found that both of them failed
the flavonol glycosides percentage and Q/K/I ratio requirements of USP method. HPLC
fingerprint of the first batch before hydrolysis showed prominent peak due to quercetin
suggesting adulteration with quercetin aglycone or hydrolysis, while the HPLC fingerprint
of the other batch before hydrolysis showed prominent peak due to rutin suggesting
adulteration with rutin. The first batch was analysed for terpene trilactones content but it
failed the USP requirements.

Product I, an inferior quality product, was found to be adulterated with unknown
flavonol glycosides containing kaempferol aglycone. It is reflected in the 6 times increase
in the ratio of kaempferol to quercetin, It failed the flavonol glycosides percentage and
Q/K/T ratio requirements of USP method however; it complied with USP requirements for
terpene trilactones content.
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Product H contained in addition to Ginkgo biloba L. extract troxerutin®
(trihydroxyethyl rutin) which upon hydrolysis gives quercetin aglycone interfering with the
USP analysis method for flavonol glycosides. HPLC fingerprint before hydrolysis was of
no value.

Product J, purchased from United Kingdom, passed the flavonol glycosides
percentage and Q/K/I ratio requirements of USP method. However, the HPLC fingerprint
before hydrolysis of this product was found to have low quantities of glycosides and high
quantities of the three aglycones indicating hydrolysis or adulteration with free aglycones.

Two different Ginkgo biloba L. extracts were analysed. They were found to be
adulterated with rutin. HPLC fingerprints of the two extracts showed prominent peak due
to rutin. They contained the required percentage of flavonol glycosides but not the required
Q/K/I ratio.

Stability studies carried on the examined products (during the self-life) at 40 °C
and 75 % RH revealed that the accelerated stability study has an effect on the quality of the
G. biloba containing products. However extensive stability studies are further requested.
Products C, D, and E were found to be adulterated with rutin and had reduced amounts of
Ginkgo extracts. Thus the accelerated stability study did not reflect the stability of the
extracts.

Conclusion

Products containing Ginkgo biloba L. extracts which are registered in Egypt as
dietary supplements do not ensure an appropriate content of active ingredients, flavonol
glycosides and terpene trilactones. The concentration of active substances in dietary
supplements was found to vary. The majority had reduced levels of active compounds but
also an increased content of ginkgolic acids. Furthermore, even though dietary
supplements are generally thought to be completely safe, this claim was not confirmed in
this study. The results showed that some Ginkgo biloba L. dietary supplements contain
considerable quantities of potentially toxic ginkgolic acids.

The present study indicates that suitable quality control measures need to be
implemented to ensure the quality, safety, and efficacy of commercially available Ginkgo
biloba L. products. The quality parameters of medicinal product must be applied to Ginkgo
biloba L. dietary supplements and extracts

USP method of analysis is non-stability indicating. Accordingly, it cannot identify
hydrolysed products. In addition, it cannot identify counterfeit and inferior products. It is
not capable of differentiating between the glycosides already present in Ginkgo biloba L.
extract and those which are intentionally added.

HPLC analysis of the extracts before hydrolysis establishes a fingerprint pattern for
the glycosides as well as the aglycones. Comparing HPLC fingerprints before and after
hydrolysis of the extracts facilitate the quality assessement of the examined products and
together with the percentage of flavonol glycosides and the Q/K/I ratio, no product can
escape the quality assessment. Also it becomes easy to identify adulterated, hydrolysed,
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and inferior products that might fulfil the flavonol glycosides percentage requirements of
the USP method after hydrolysis.

Recommendation

The method of assay of Ginkgo flavonol glycosides must be stability
indicating method. Phytochemical evaluation of Ginkgo extracts before
hydrolysis should be conducted and added as a measure of good practice in
conjugation with the compendial quantitative assay.

Manufacturers must obtain their Ginkgo extract from reliable suppliers who
apply GMP.

Ginkgo biloba L. products are mainly used by geriatrics which are put on
multi drug regimen and dietary supplements manufacturers are not allowed
to report drug interaction. It is recommended that Ginkgo biloba L. products
be registered as medicines.

Researchers in the research and development (R&D) department should

judge whether the compendial method is stability indicating or not, before
carrying out stability testing and derivation of shelf-life of products
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