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(57) ABSTRACT 

In various implementations, berberine metabolites, such as 
dihydroberberine and/or tetrahydroberberine, may be 
administered to manage blood glucose levels, increase 
ketone levels ( e.g., blood concentration of ketones ), and/or 
for therapeutic purposes in humans. The administration of a 
pharmaceutically effective amount ofberberine metabolites, 
such as dihydroberberine, may reduce fasting blood glucose 
levels, improve glucose tolerance, and/or improve blood 
ketone response. In some implementations, berberine 
metabolites may be administered with one or more other 
compounds. 
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Figure 4 

Subject Condition Baseline 30 minutes 60 minutes 
1 500 mg Berb HCL 83 142 121 
2 500 mg Berb HCL 90 113 88 
3 500 mg Berb HCL 103 103 149 
4 500 mg Berb HCL 96 96 97 
5 500 mg Berb HCL 88 88 133 

Average 92 92 117.6 

1 500 mh Dihydro 76 97 117 
2 500 mh Dihydro 74 109 106 
3 500 mh Dihydro 93 131 102 
4 500 mh Dihydro 81 102 119 

Average 81 110 111 

1 250 mh Dihydro 88 139 116 
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ADMINISTRATION OF BERBERINE 
METABOLITES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Patent Application No. 62/324,794, entitled "ADMINIS­
TRATION OF DIHYDROBERBERINE", filed on Apr. 19, 
2016, which is incorporated by reference for all purposes. 

TECHNICAL FIELD 

2 
In various implementations, the berberine metabolite 

composition administered to an individual may include 
dihydroberberine and/or tetrahydroberberine. For example, 
the composition may be orally administered in any appro-

5 priate delivery vehicle, such as via tablets, capsules, food 
products, and/or beverage products. 

In some implementations, one or more berberine metabo­
lites may be administered with one or more additional 
compounds. The additional compounds, such as ketone 

10 sensitizers, may be capable of independently inducing keto­
sis. The additional compounds may be utilized to maintain 
and/or promote ketosis in humans. For example, the addi­
tional compounds may include one beta-hydroxybutyrate 

The present invention relates to managing metabolic and 
15 

therapeutic functions by administering berberine metabo­
lites. 

compound; butyrate; short chain, medium chain, and/or long 
chain fatty acids or esters thereof; and/or combinations there 
of which may be administered with a berberine metabolite, 
such as dihydroberberine. 

BACKGROUND 

Berberine is a naturally occurring substance commonly 
found in Goldenseal (Hydrastis canadensis), Oregon grape 
(Berberis aquifolium ), Barberry (Berberis vulgaris ), Chi­
nese Goldthread (Coptis chinensis, Phellodendron chinense, 
and Phellodendron amurense. Berberine has been adminis­
tered to humans and found to have an effect on inflanmiation 
and as well as having some antimicrobial properties. Ber­
berine has also shown potential for lowering fasting blood 
glucose; however adverse gastrointestinal effects appeared 
to accompany the administration in amounts to effectively 
lower fasting blood glucose (Yin et al. "Efficacy of Berber­
ine in Patients with Type 2 Diabetes," Metabolism. 2008 
May; 57(5): 712-717). The bioavailability of traditional 
berberine has been shown in some studies to be below 70% 
in animal models which could affect how much is being 
absorbed and actually utilized in the body (Chen, W., Miao, 
Y. Q., Fan, D. J., Yang, S. S., Lin, X., Meng, L. K., & Tang, 
X. (2011 ). Bioavailability study ofberberine and the enhanc­
ing effects of TPGS on intestinal absorption in rats. Aaps 
Pharmscitech, 12(2), 705-711.) 

SUMMARY 

In various implementations, one or more berberine 
metabolites ( e.g., dihydroberberine and/or tetrahydroberber­
ine) may be administered to manage glucose tolerance 
and/or increase ketones (e.g., blood concentration and/or 
urine concentration of ketones) in humans. For example, a 
pharmaceutically effective amount of berberine metabolites 
(e.g., dihydroberberine and/or tetrahydroberberine) may be 
administered to healthy and/or nonhealthy adults. For 
example a pharmaceutically effective amount of berberine 
metabolites may be administered to a human with diabetes 
or other metabolic disorder impacting glucose tolerance. 
The berberine metabolites may regulate glucose and/or lipid 
metabolism. In some implementations, administration of a 
pharmaceutically effective amount of berberine metabolites 
may be therapeutic to humans with diabetes, glucose intol­
erance, metabolic syndrome, dyslipidemia, and/or obesity/ 
overweight. In some implementations, administration of 
berberine metabolites may have ergogenic ( e.g., perfor­
mance enhancing) and/or body composition benefits for 
some individuals (e.g., generally healthy; athletic; etc.) via 
glucose disposal, insulin sensitivity and ketone sensitivity. 
In some implementations, administration of berberine 
metabolite(s) may lower glycation (e.g., measured by HAie 
levels) which may provide anti-aging properties. 

In various implementations, a pharmaceutically effective 
amount of dihydroberberine may be administered to an 

20 individual to managing glucose tolerance ( e.g., decrease 
and/or maintain blood glucose level, decrease and/or main­
tain fasting blood glucose, increase ability to process glu­
cose, etc.). 

Implementations may include one or more of the follow-
25 ing features. The administration of dihydroberberine may 

reduce fasting glucose levels. The dihydroberberine may be 
administered as a complexed composition. The complexed 
composition may include phytosomes and/or liposomes. The 
dihydroberberine may be a microemulsion including dihy-

30 droberberine. The pharmaceutically effective amount of 
dihydroberberine may include approximately 25 mg to 
approximately 800 mg of dihydroberberine, in some imple­
mentations. The dihydroberberine may be orally adminis­
tered as a capsule, tablet, a food product, and/or beverage 

35 product. The dihydroberberine may be administered at least 
once daily ( e.g., for a period of time, when desired by the 
user, etc.). In some implementations, a Cytochrome P450 
inhibitor may be administered approximately concurrently. 
Administration of the Cyctochrome P450 inhibitor may 

40 allow decreasing of the amount of dihydroberberine admin­
istered to be sufficient to achieve the desired results ( e.g., the 
same level of glucose management as a predetermined 
amount of dihydroberberine, a normal range of fasting 
glucose levels per health guidelines, normal level of blood 

45 glucose level per health guidelines, etc.). 
In various implementations, administering, to an indi­

vidual, a pharmaceutically effective amount of dihydrober­
berine may increase blood ketone levels. 

Implementations may include one or more of the follow-
50 ing features. The dihydroberberine may be administered 

approximately concurrently with meals. In some implemen­
tations, a pharmaceutically effective amount of an additional 
compound may be administered with the dihydroberberine, 
where the additional compound is capable of inducing 

55 ketosis independently (e.g., ketone sensitizer). The dihyd­
roberberine and additional compound may be administered 
approximately concurrently. The dihydroberberine and addi­
tional compound may be administered at least one time daily 
( e.g., for a period of time, per user desire, per doctor 

60 recommendation, until glucose level and/or blood ketone 
level is within a predetermined range, etc.). 

In various implementations, composition may be capable 
of maintaining ketosis in an individual ( e.g., within a pre­
determined time period of administration to the individual). 

65 The composition may include a pharmaceutically effective 
amount of dihydroberberine and an additional compound 
( e.g., a compound that can impact blood ketone levels 
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independently, such as a ketone sensitizer). The amount of 
dihydroberberine administered to be pharmaceutically effec­
tive may be less than the amount of dihydroberberine 
administered to be pharmaceutically effective when the 
dihydroberberine is administered without the additional 5 

compound(s) (e.g., to achieve a predetermined level of 
ketosis and/or a range of blood ketone levels). 

Implementations may include one or more of the follow-
ing features. The additional compound(s) may include beta­
hydroxybutyrate (e.g., R-beta-hydroxybutyrate and/or D,L- 10 

beta-hydroxybutyrate), butyrate, fatty acid, and/or ester of 
fatty acid. The additional compound may include R-beta­
hydroxybutyrate ( e.g., salt, polymer, and/or complexed with 
another compound such as an amino acid). The additional 
compound may include a beta-hydroxybutyrate salt, beta- 15 

hydroxybutyrate polymer, beta-hydroxybutyrate amino acid 
(e.g., R-beta-hydroxybutyrate amino acid mixture and/or 
complex, such as R-beta-hydroxybutyrate and leucine ), and/ 
or beta-hydroxybutyrate free acid(s). The dihydroberberine 
and additional compound may be administered approxi- 20 

mately concurrently. The dihydroberberine and additional 
compound may be a mixture and/or a complexed compound. 
The additional compound may include a beta-hydroxybu­
tyrate and at least one of a fatty acid or ester of a fatty acid, 

4 
some individuals (e.g., generally healthy; athletic; etc.) via 
glucose disposal, insulin sensitivity and ketone sensitivity. 
In some implementations, administration of a pharmaceuti-
cally effective amount ofberberine metabolite(s) may lower 
glycation (e.g., measured by HAlc levels) which may pro­
vide anti-aging properties. The amount ofberberine metabo-
lite (e.g., dihydroberberine) administered to achieve a pre­
determined effect (e.g., fasting blood glucose level) may be 
less than the amount of berberine that would be required to 
achieve the same predetermined effect. In some implemen­
tations, one or more other compounds may be administered 
with the pharmaceutically effective amount of berberine 
metabolite, such as a ketone sensitizer ( e.g., a compound 
that is capable ofreducing and/or maintaining blood ketone 
levels independently, such as beta-hydroxybutyrate, short 
chain fatty acids, medium chain fatty acids, and/or long 
chain fatty acids). 

In some implementations, a berberine metabolite compo­
sition may include dihydroberberine and/or tetrahydrober­
berine. Dihydroberberine (C20H19NO4 ) is a compound that 
although related to berberine has properties that make it 
especially suited for managing glucose and/or increasing 
ketone levels (e.g., blood ketone levels). Dihydroberberine 
is a compound that is commercially available from sources 

in some implementations. 25 such as, AdooQ Bioscience (Irving, Calif.). 
The details of one or more implementations are set forth 

in the accompanying drawings and the description below. 
Other features, objects, and advantages of the implementa­
tions will be apparent from the description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of this disclosure and 
its features, reference is now made to the following descrip­
tion, taken in conjunction with the accompanying drawings, 
in which: 

FIG. 1 illustrates table with glucose levels for subjects 
after administration of an example administration protocol. 

FIG. 2 illustrates a table of subject responsiveness to an 
example administration protocol. 

FIG. 3 illustrates a table with blood ketone levels for 
subjects after administration of an example administration 
protocol. 

FIG. 4 a table with blood ketone levels for subjects after 
administration of an example administration protocol. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

In various implementations, administration of a pharma­
ceutically effective amount of berberine metabolites ( e.g., 
dihydroberberine and/or tetrahydroberberine ), derivates 
thereof and/or salts thereof may be administered to humans 

Dihydroberberine may be more biologically available to 
humans than berberine. A first weight amount of dihydrob­
erberine is capable of decreasing blood glucose levels 
greater than the same weight amount of berberine. A first 

30 weight amount of dihydroberberine may increase blood 
ketone levels more than the same weight amount of berber­
ine. These are unexpected results since the inclusion of other 
function groups (hydro-) decreases the amount of "berber­
ine" in the same weight amount of berberine. By increasing 

35 blood ketone levels, achieving a level of ketosis (e.g., blood 
ketone levels of 0.2 to 20 mM), maintaining a level of 
ketosis may be more easily obtainable during administration 
of dihydroberberine. Achieving ketosis may improve meta­
bolic disorders, improve health ( e.g., strength, mental acuity, 

40 etc.), increase weight loss, and/or increase fat loss (e.g., as 
opposed to lean muscle mass loss). Diabetes, various types 
of cancer, Alzheimer's, Parkinson's, Traumatic Brain Injury 
(TBI) PCOS, Metabolic Syndrome/Syndrome X, Obesity, 
Dyslipidemia, Aging, other metabolic disorders and/or other 

45 ketosensitive diseases and/or disorders may thus be affected 
by administration of dihydroberberine or tetrahydroberber­
ine ( e.g., since ketosis may be more easily achieved by 
individuals in which dihydroberberine has been adminis-

50 

tered). 
In various implementations, the berberine metabolite may 

include tetrahydroberberine (C20H21O4 N). Tetrahydrober­
berine is a compound that although related to berberine has 
properties that make it especially suited for managing glu­
cose and/or increasing ketone levels ( e.g., blood ketone 

55 concentration). In some implementations, dihydroberberine 
and/or tetrahydroberberine may be complexed with other 
compounds such as phytosomes and/or liposomes. The 
berberine metabolite may be administered to a user via the 

to manage blood glucose levels ( e.g., reduce fasting blood 
glucose, improve glucose tolerance, etc.). In some imple­
mentations, administration of pharmaceutically effective 
amount of berberine metabolite(s) may maintain and/or 
increase ketone levels (e.g., blood and/or urine ketone 
concentration). In some implementations, administration of 60 

a pharmaceutically effective amount of berberine 
metabolite(s) (e.g., dihydroberberine and/or tetrahydrober­
berine) may be therapeutic to humans with diabetes, glucose 
intolerance, metabolic syndrome, dyslipidemia, and/or obe­
sity/overweight. In some implementations, administration of 
berberine metabolites may have ergogenic ( e.g., perfor­
mance enhancing) and/or body composition benefits for 

complexed compound. 
In various implementations, a pharmaceutically effective 

amount of berberine metabolite may be administered to 
humans to improve glucose tolerance. For example, an 
amount of approximately 25 mg to approximately 800 mg of 
dihydroberberine may be administered to a human. In some 

65 implementations, an amount of approximately 250 mg to 
approximately 300 mg may be administered to a human. The 
amount of dihydroberberine may be less than the amount of 
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compos1t10n may include R-beta-hydroxybutyrate (e.g., 
salts, polymers, complexes, etc.). The beta-hydroxybutyrate 
may include single isomer R-beta-hydroxybutyrate and/or 
polymer R-beta-hydroxybutyrate. In some implementations, 

berberine required to achieve the same amount of glucose 
tolerance ( e.g., a predetermined fasting glucose level, a 
predetermined range of blood glucose, a normal or other 
blood glucose level as determined by health guidelines, a 
normal or other fasting blood glucose as determined by 
health guidelines, etc.). In some implementations, an amount 
of dihydroberberine may provide the same level of glucose 
tolerance as at least double the same amount of berberine 

5 beta-hydroxybutyrate may be administered with 1,3-butane­
diol, ethyl acetoacetate, ethyl beta-hydroxybutyrate. 

( e.g., the dihydroberberine may be at least twice as effective 
as berberine and thus half or less than half of a first amount 10 

In some implementations, the additional compound (e.g., 
that is capable of increasing blood ketone levels indepen­
dently) may include a fatty acid and/or ester thereof. For 
example, the additional compound may include short chain, 
medium chain, and/or long chain fatty acids and/or esters 
thereof. The fatty acid(s) and/or esters thereof may include 
natural and/or synthesized compounds. For example, the 
additional compound may include coconut oil, butter, etc. 

In some implementations, the composition may include 
more than one additional compound that is capable of 
increasing blood ketone levels and/or inducing ketosis inde­
pendently (e.g., without dihydroberberine). For example, a 
medium chain fatty acid may be administered with the 

of dihydroberberine would be required to achieve the same 
results as the first amount of berberine ). This result is 
unexpected since one would expect berberine and dihyd­
roberberine to have similar properties. Even with the known 
increase bioavailability of dihydroberberine over berberine, 15 

the ability to administer as little as half as much dihydrob­
erberine as berberine to achieve similar results in glucose 
tolerance is unexpected. The ability to reduce the quantity of 
dihydroberberine administered to a human may reduce the 
side effects associated with administration, ease palatability 
(e.g., since taste may improve or be more easily masked with 
smaller dosages), ease administration (e.g., smaller dose 
size), reduce costs, etc. For example, since the same amount 
(e.g., molecular amount) of the "berberine" group is in 
berberine and dihydroberberine, decreasing the amount 
administered would decrease side effects associated with 
administration of berberine and/or related complexes. 

20 berberine metabolite and/or beta-hydroxybutyrate com­
pound. In some implementations, an amino acid may be 
administered with dihydroberberine and R-beta-hydroxybu­
tyrate (e.g., salt, polymer, and/or complex). 

In various implementations, a composition may be admin-

In various implementations, one or more additional com­
pounds may be administered with the berberine metabolite. 
The additional compounds may increase a benefit of the 
berberine metabolite (e.g., glucose management, decrease 
ketone levels, etc.) and/or provide additional benefits (e.g., 
increase mental acuity, increase fat loss, increase lean mass 
maintenance, increase strength, etc.) For example, an addi­
tional compound that is capable of impacting blood ketone 
levels ( e.g., increasing and/or maintaining blood ketone 
levels, inducing ketosis, etc.), such as a ketone sensitizer, 
may be selected that increases ketosis ( e.g., increase levels 

25 istered as described that includes berberine metabolites ( e.g., 
Dihydroberberine, tetrahydroberberine, etc.) and/or an addi­
tional compound that increases ketone levels ( e.g., blood 
and/or urine), such as a ketone sensitizer. The additional 
compound(s) may include one or more beta-hydroxybu-

30 tyrate compounds, short chain triglycerides, medium chain 
triglycerides, long chain triglycerides, combinations thereof 
and/or derivatives thereof. For example, one or more of the 
beta-hydroxybutyrate compounds and/or other ketone sen­
sitizers (e.g., short chain triglycerides, medium chain tri-

of ketones bodies in the blood). 

35 glycerides, long chain triglycerides) in U.S. patent applica­
tion Ser. No. 15/491,924, to Lowery et al. and entitled 
"Administration ofBeta-hydroxybutyrate and Related Com­
pounds in Humans", filedApr. 19, 2017 and U.S. Provisional 
Patent Application No. 62/324,798, to Lowery et al. and 

In some implementations, the additional compounds ( e.g., 
ketone sensitizers) may include a beta-hydroxybutyrate 
compound may be administered with the berberine metabo-

40 entitled "Administration of Beta-hydroxybutyrate and 
Related Compounds in Humans", filed Apr. 19, 2016, which 
is incorporated by reference to the extent that the teachings 
do not conflict with the present disclosure, may be utilized 
as a ketone sensitizer. 

lite ( e.g., in a capsule such as a softgel; tablet; powdered 
supplement; ready-to-drink formulation; topical product; 
cosmeceutical product; foods such bars, cookies, gum, 45 

candy, functional foods; toothpaste, sublingual product; 
injection; intravenous fluids; beverages such as shots or 
energy shots; inhalers and/or other appropriate administra­
tion methods). A beta-hydroxybutyrate compound may 
include beta-hydroxybutyrate salts, beta-hydroxybutyrate 50 

monomer, beta-hydroxybutyrate polymers, and/or combina­
tions thereof. For example, beta-hydroxybutyrate salts may 
include sodium beta-hydroxybutyrate, magnesium beta-hy­
droxybutyrate, calcium beta-hydroxybutyrate, lithium beta­
hydroxybutyrate, potassium beta-hydroxybutyrate and/or 55 

combinations thereof. In some implementations, beta-hy­
droxybutyrate polymers may be selected for administration 
with dihydroberberine to administer beta-hydroxybutyrate 
(e.g., since beta-hydroxybutyrate polymers are metabolized 
in the body to administer beta-hydroxybutyrate). In some 60 

implementations, the beta-hydroxybutyrate administered 
may include organic salts, such as but not limited to, 
arginine beta-hydroxybutyrate, lysine beta-hydroxybutyrate, 
histidine beta-hydroxybutyrate, omithine beta-hydroxybu­
tyrate, creatine beta-hydroxybutyrate, agmatine beta-hy- 65 

droxybutyrate, citrulline beta-hydroxybutyrate, and/or com­
binations thereof. The beta-hydroxybutyrate included in the 

To achieve a predetermined amount of ketosis in an 
individual, an amount of an additional compound (e.g., 
capable of increasing ketone levels and/or inducing ketosis 
independently) administered with berberine metabolite(s) 
(e.g., Dihydroberberine, tetrahydroberberine, etc.) may be 
less than an amount of the additional compound adminis­
tered without dihydroberberine. In some implementations, 
when berberine metabolite(s) ( e.g., Dihydroberberine, tetra­
hydroberberine, etc.) is administered, as blood glucose lev­
els decrease, unexpectedly, blood ketone levels may rise. 
Thus, less of the additional compound may be administered 
to achieve a predetermined blood ketone level (e.g., to 
maintain and/or promote a state of ketosis). For example, an 
additional compound, such as 10 grams of sodium beta­
hydroxybutyrate may be administered to a 200 pound human 
to achieve a first level of ketosis ( e.g., blood ketone level of 
0.5 mM). When dihydroberberine is administered, the 
amount of the additional compound may be decreased. For 
example, when 250 mg of dihydroberberine is administered 
to a 200 pound human, 3 milligrams of sodium beta­
hydroxybutyrate may be administered to achieve the first 
level of ketosis rather than 10 grams of sodium beta-
hydroxybutyrate. Administration of the additional com-
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pound (e.g., that is capable of independently increasing 
ketone levels and/or inducing ketosis) may cause increase 
user satisfaction ( e.g., less side effects from increased 
amounts of the additional compound and/or cation when 
salts of the additional compounds are included) and/or 
decreases costs ( e.g., since less of the additional compound 
may be utilized), and enhance endogenous production ( e.g. 
since blood glucose is lower, endogenous ketones may be 
elevated alongside the exogenous ketones) 

8 
mined blood glucose level and/or fasting level. The admin­
istration of the composition ( e.g., in the same and/or lower 
dosage) may be continued and/or discontinued once the 
predetermined level is achieved. The berberine metabolite 

5 composition may be administered as desired by a user in 
some implementations ( e.g., to facilitate achieving user 
goals such as in strength training, for performance, for 
insurance testing, etc.). In some implementations, the 
amount of Dihydroberberine/tetrahydroberberine and/or 

10 other compounds administered at each dose may be the same 
and/or different. 

In some implementations, the berberine metabolite(s) 
(e.g., dihydroberberine tetrahydroberberine, etc.) and the 
additional compound (e.g., capable of increasing ketone 
levels in the blood) may be administered approximately 
concurrently. For example, the dihydroberberine and ketone 
sensitizer may be provided in a capsule, pill, granular form 15 

(e.g., packet of granules), powdered form, liquid, gel, sub­
lingual, transdermal and/or any other appropriate adminis­
tration form. 

In some implementations, the composition administered 
to an individual (e.g., human and/or any other appropriate 
animal) may include approximately 5 mg to approximately 
1 gram of dihydroberberine. The composition may include 
one or more other compounds that may or may not be 
capable of increasing blood ketone levels independently, in 
some implementations. The composition may be adminis-In some implementations, one or more additives may be 

included in the composition, such as flavorings ( e.g., natural 
and/or artificial), vitamins, minerals, binders, and/or any 
other appropriate additive. The additives may alter flavor, 
color, and/or texture. The additives may increase palatability 
and/or facilitate inclusion in a delivery vehicle (e.g., tablet, 
food product, beverage product such as a drink mix, etc.). 

In some implementations, the berberine metabolite(s) 
may be processed to increase bioavailability, solubility, 
palatability, and/or combination with other compounds. For 
example, berberine metabolite(s) may be processed to form 
a microemulsion with other compounds (e.g., ketone sensi­
tizer, liposome, phytosome, flavorings, etc.). In some imple­
mentations, the berberine metabolite may be microencapsu­
lated (e.g., with and/or without other compounds such as 
ketone sensitizer, liposome, phytosome ). Microemulsions 
may improve bioavailability and solubility as well as other 
agglomeration technologies. The microencapsulated berber­
ine metabolite(s) (e.g., with or without combination with 
other compounds) may be a free flowing granular powder; 
dispersible in water; stable in acidic water solution for 30 
minutes; allow controlled release in stomach and/or small 
intestines; inhibit glucose response ( e.g., to any added 
materials); and/or allow delivery of a high butyrate content 
(e.g., around 70%), in some implementations. In some 
implementations, the berberine metabolite may be com­
plexed with another compound (e.g., liposome, phytosome, 
and/or combinations thereof) and the berberine metabolite 
complex may be administered to the user to administer the 
berberine metabolite. Bioavailability enhancement via the 
mechanism of action for Cytochrome P450 inhibitors like 
naringen, bergamotin, piperine and its metabolites, as well 
as other bioavailability enhancers may be co-administered to 
enhance efficacy at lower therapeutic doses. Lowering the 
therapeutic dosage may decrease side effects and/or costs. 

In various implementations, the berberine metabolite(s) 
(e.g., Dihydroberberine, tetrahydroberberine, etc.) and/or 
other compounds administered with the dihydroberberine 
may be administered on an appropriate administration 
schedule. For example, the Dihydroberberine/tetrahydrob­
erberine and/or other compounds may be administered con­
currently with meals, a predetermined amount of time before 
meals, a predetermined amount of time after meals, at 
regular or irregular time intervals, and/or according to other 
appropriate administration schedules. The berberine 
metabolite composition ( e.g., including the berberine 
metabolite) may be administered on a periodic basis and/or 
as desired by a user. For example, the berberine metabolite 
composition may be administered to achieve a predeter-

20 tered (e.g., orally) approximately 1 to approximately 3 times 
daily. In some implementations, the composition may be 
provided in a delivery form such powder (e.g., that capable 
consumed separately, mixed with drinks, and/or food) and/or 
tablet. The administration of the composition may maintain 

25 ketosis levels for approximately 30 min to approximately 3 
hours. The administration of the composition may maintain 
ketosis for longer than 3 hours. The administration of the 
composition may maintain blood glucose levels within a 
healthy range (e.g., as determined by a doctor, health guide-

30 lines, insurance guidelines, etc.). The administration of the 
composition may decreases blood glucose levels during a 
glucose challenge testing by over 25%, in some implemen­
tations. The administration of the composition may be 
capable of maintaining approximately 2 to approximately 3 

35 times greater elevated ketones during carbohydrate intake 
( e.g., when compared with berberine and/or when compared 
with individuals not being administered dihydroberberine). 
The administration of the composition may increased fat 
metabolism by 10% (e.g., when compared with the indi-

40 viduals capability without administration of dihydroberber­
ine ). 

In some implementations, the compound may include 
dihydroberberine and a beta-hydroxybutyrate. The compo­
sition may include one or more other compounds that may 

45 or may not be capable of increasing blood ketone levels 
independently, in some implementations. The composition 
may include approximately 5 mg to approximately 1 g of 
dihydroberberine and approximately 2 g of beta-hydroxy­
butyrate to approximately 10 g of beta-hydroxy butyrate. In 

50 some implementations, the composition may include 
approximately 400 mg to approximately 600 mg of dihyd­
roberberine (e.g., approximately 500 mg) and approximately 
4 to approximately 7 g ofbeta-hydroxybutyrate (e.g., 5 g of 
beta-hydroxybutyrate, such as R-beta-hydroxybutyrate). 

55 The composition may be administered ( e.g., orally) approxi­
mately 1 to approximately 3 times daily. In some imple­
mentations, the composition may be provided in a delivery 
form such powder (e.g., that capable consumed separately, 
mixed with drinks, and/or food) and/or tablet. The combi-

60 nation of dihydroberberine and additional compounds that 
are capable of increasing ketones independently, such as 
beta-hydroxybutyrate, may increase ketones at a greater 
level than the expected additive amount. For example, a 
composition of 500 mg of dihydroberberine and 5 grams of 

65 beta-hydroxybutyrate and 5 grams of short chain triglyceride 
may increase ketones over 1 mM (e.g., while 5 grams of 
BHB alone elevate blood ketone levels to only 0.5 mM) 
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In some implementations, the dihydroberberine may be 
complexed or otherwise coupled to one or more of the 
additional compounds in the composition. For example, the 
composition may include a dihydroberberine-betahydroxy­
butyrate complex and/or a dihydroberberine-amino acid 5 

complex. 

End of Example 

The described compositions may be administered via any 
appropriate administration method. For example, the 
described compositions may be administered enterally and/ 
or parenterally. In some implementations, the described 
composition may be administered via a tablet and/or cap­
sule. In some implementations, the described composition 
may be administered via tablet, capsule, powdered supple-

EXAMPLE 

Example 1 

Five subjects were subject to three separate glucose 
challenge tests (75 g glucose) after administration of 500 mg 
berberine (BB), 250 mg of dihydroberberine (DHBB) or 500 
dihydroberberine. Blood was drawn prior to administration 
and after 30, 60, 90, 120, and 180 minutes. FIG. 1 illustrates 
the results of the administration protocol. FIG. 1 illustrates 
the average blood glucose level of the 5 subjects at each of 
the times. 

As illustrated, unexpectedly, administration of the dihy­
droberberine resulted in less fluctuations in blood glucose 
level than berberine. In addition, an unexpected result of the 
administration of dihydroberberine is that administration of 
dihydroberberine may keep blood glucose levels closer to 
fasting blood glucose than berberine. 

Example 2 

10 ment; ready-to-drink formulation; topical product including 
transdermals; cosmeceutical product; foods such bars, cook­
ies, gum, candy, functional foods; toothpaste, sublingual 
product; injection; intravenous fluids; beverages such as 
shots or energy shots; inhalers; sublinguals; and/or combi-

15 nations thereof. The described composition may be provided 
in a powdered form that allows the described composition to 
be sprinkled on food, mixed with a liquid to provide a 
beverage, directly administered. 

The described compositions may be administered on an 
20 administration protocol to improve glucose tolerance (e.g., 

fasting glucose levels may be reduced and/or glucose 
metabolism may be improved), in some implementations. 
The described compositions may be administered on an 
administration protocol to increase ketone levels ( e.g., blood 

25 and/or urine ketone concentrations). For example, the 
described compositions may be administered once a day, via 
a time released or extended release preparation, and/or 
multiple times a day. The described composition may 
replace other pharmaceuticals taken for improving glucose As in Example 1, five subjects were subject to three 

separate glucose challenge tests (75 g glucose) after admin­
istration of 500 mg berberine (BB), 250 mg of dihydrober­
berine (DHBB) or 500 dihydroberberine. FIG. 2 illustrates a 
ranking which compositions caused the lowest blood glu­
cose levels during a oral glucose challenge. Unexpectedly, 
250 mg of DHBB may control blood glucose levels better 35 

than even 500 mg of DHBB. For example, in some indi­
viduals (e.g., individuals with moderate glucose tolerance) 
may achieve better blood glucose control when administered 

30 tolerance, such as metformin, and/or be utilized in combi­
nation with one or more other pharmaceuticals, as appro­
priate. 

In some implementations, an administration schedule may 
include administration of different berberine metabolite 
compositions at different periods. For example, berberine 
metabolite compositions may include at least a first com­
position and a second composition. The first composition 
may include dihydroberberine. The second composition may 
include dihydroberberine and a first additional compound a lower dosage of DHBB. As illustrated, dihydroberberine 

administration resulted in lower blood glucose than admin- 40 

istration of berberine in most individuals. 

that is capable of independently increasing blood ketone 
levels. The first composition may be administered to an 

Example 3 

A subject was subject to a glucose challenge test (75 g 
glucose) after administration of 250 mg dihydroberberine 
(DHBB) and a glucose challenge test after administration of 
250 mg dihydroberberine (DHBB) along with 5 mg of 
beta-hydroxybutyrate (e.g., 5 mg sodium beta-hydroxybu­
tyrate). As illustrated in FIG. 3, blood ketone levels are 
unexpectedly increased even 120 minutes after the glucose 
challenge with the administration of an effective amount of 
dihydroberberine. 

Example 4 

Five subjects were subject to three separate glucose 
challenge tests (75 g glucose) approximately 25 minutes 
after administration of 500 mg berberine (BB), 250 mg of 
dihydroberberine (DHBB) or 500 dihydroberberine. Blood 
was drawn prior to administration and after 30, 60, 90, 120, 
and 180 minutes and tested for glucose levels. FIG. 4 
illustrates the results of the administration protocol. 

individual for a first period of time and the second compo­
sition may be administered to the same individual for a 
second period of time. In some implementations, a third 

45 composition comprising dihydroberberine and a second 
additional compound that is different from the first addi­
tional compound may be administered. The first and other 
compositions ( e.g., second and/or third composition) may be 
administered alternatively, sequentially, and/or in conjunc-

50 tion with each other ( e.g., with a second and/or third 
composition). The compound formulations (e.g., dihydrob­
erberine and/or which additional compounds are included) 
may be selected based on user preference ( e.g., taste, dis­
eases, sensitivities), desired results ( e.g., fast induction of 

55 ketosis and/or maintenance), etc. 
In various implementations, although a berberine metabo­

lite such as dihydroberberine and/or tetrahydroberberine 
may be described, other forms of dihydroberberine and/or 
tetrahydroberberine may be administered such as salts, com-

60 plexes, and/or derivatives thereof 

As illustrated, administration of dihyroberberine in indi­
viduals with moderate baseline glucose levels moderates 65 

blood glucose levels better than even double the quantity of 
berberine. 

Although various described systems and processes have 
been described as a being administered in humans, the 
described systems and processes may be administered to 
other mammals, such as rats, dogs, etc. 

It is to be understood the implementations are not limited 
to particular systems or processes described which may, of 
course, vary. It is also to be understood that the terminology 
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used herein is for the purpose of describing particular 
implementations only, and is not intended to be limiting. As 
used in this specification, the singular forms "a", "an" and 
"the" include plural referents unless the content clearly 
indicates otherwise. Thus, for example, reference to "a 5 

beta-hydroxybutyrate" includes a combination of two or 
more beta-hydroxybutyrates and reference to "an additive" 
includes different types and/or combinations of additives. 

Although the present disclosure has been described in 
detail, it should be understood that various changes, substi- 10 

tutions and alterations may be made herein without depart-
ing from the spirit and scope of the disclosure as defined by 
the appended claims. Moreover, the scope of the present 
application is not intended to be limited to the particular 
embodiments of the process, machine, manufacture, com- 15 

position of matter, means, methods and steps described in 
the specification. As one of ordinary skill in the art will 
readily appreciate from the disclosure, processes, machines, 
manufacture, compositions of matter, means, methods, or 
steps, presently existing or later to be developed that per- 20 

form substantially the same function or achieve substantially 
the same result as the corresponding embodiments described 
herein may be utilized according to the present disclosure. 
Accordingly, the appended claims are intended to include 
within their scope such processes, machines, manufacture, 25 

compositions of matter, means, methods, or steps. 
The invention claimed is: 
1. A method of managing glucose tolerance in an indi­

vidual, the method comprising: 
administering, to an individual, a pharmaceutically effec- 30 

tive amount of dihydroberberine, wherein the pharma­
ceutically effective amount of dihydroberberine com­
prises approximately 25 mg to approximately 800 mg 
of dihydroberberine. 

12 
administering, to an individual, a pharmaceutically effec­

tive amount of dihydroberberine, wherein the pharma­
ceutically effective amount of dihydroberberine com­
prises approximately 25 mg to approximately 800 mg 
of dihydroberberine. 

10. The method of claim 9 wherein the dihydroberberine 
is administered approximately concurrently with meals. 

11. The method of claim 9 further comprising adminis­
trating, to the individual, a pharmaceutically effective 
amount of one or more additional compounds capable of 
independently increasing blood ketone levels. 

12. The method of claim 11 wherein the dihydroberberine 
and at least one of the additional compounds are adminis­
tered approximately concurrently. 

13. The method of claim 11 wherein the dihydroberberine 
and one or more of the additional compounds are adminis­
tered at least one time daily. 

14. The method of claim 9 wherein the pharmaceutically 
effective amount of dihydroberberine is administered with 
one or more additional compounds, and wherein one or more 
of the additional compounds comprises at least one of a 
beta-hydroxybutyrate, butyrate, a fatty acid, or ester of fatty 
acid, and wherein the amount of dihydroberberine admin­
istered to be pharmaceutically effective is less than the 
amount of dihydroberberine administered to be pharmaceu­
tically effective when the dihydroberberine is administered 
without at least one of the additional compounds. 

15. The method of claim 14 wherein at least one of the 
additional compounds comprises a R-beta-hydroxybutyrate 
compound. 

16. The method of claim 14 wherein one or more of the 
2. The method of claim 1 wherein the administration of 

dihydroberberine reduces fasting glucose levels. 
3. The method of claim 1 wherein the dihydroberberine is 

administered as a complexed composition, and wherein the 
complexed composition further comprises at least one of 
complexed phytosomes or liposomes. 

35 additional compounds comprises at least one of a beta­
hydroxybutyrate salt or beta-hydroxybutyrate polymer. 

17. The method of claim 14 wherein the dihydroberberine 
and at least one of the additional compounds are adminis-

40 tered approximately concurrently. 

4. The method of claim 1 wherein the dihydroberberine is 
a microemulsion including dihydroberberine. 

5. The method of claim 1 wherein the dihydroberberine is 
orally administered as a capsule or tablet. 

6. The method of claim 1 wherein the dihydroberberine is 45 

orally administered as at least one of a food product or 
beverage product. 

7. The method of claim 1 wherein the dihydroberberine is 
administered at least once daily. 

8. The method of claim 1 further comprising administrat- 50 

ing a Cytochrome P450 inhibitor, wherein administration of 
the Cyctochrome P450 inhibitor allows decreasing of the 
amount of dihydroberberine administered to be sufficient to 
achieve the desired results. 

9. A method of increasing blood ketone levels in an 55 

individual, the method comprising: 

18. The method of claim 14 wherein the composition 
comprises at least two of the additional compounds, and 
wherein two or more of the additional compounds comprises 
a beta-hydroxybutyrate and at least one of a fatty acid or 
ester of a fatty acid. 

19. The method of claim 1 wherein the pharmaceutically 
effective amount of dihydroberberine is administered with 
one or more additional compounds, and wherein one or more 
of the additional compounds comprises at least one of a 
beta-hydroxybutyrate, butyrate, a fatty acid, or ester of fatty 
acid. 

20. The method of claim 9 wherein the pharmaceutically 
effective amount of dihydroberberine is administered with a 
beta-hydroxybutyrate and a medium chain fatty acid. 

* * * * * 
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