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IN THE INTERNATIONAL BUREAU RECmVmG OFFICE 

AppUcant: Iona Pharma, LLC 
lrrtemat!onai .Appl!cath~n No,: PCT/US2017/l307B·1 

For: Pharmaceutical Formulation For Sub!ingua! or Buccal Delivery of 
Epinephrine or a Pm-Drug Thereof 

Attn: Authorized Officer AT INTERNATIONAL BUREAU 
Email: ~s~~-t.~nf:::~hn~~~f%~YY½J(:;_ ~=·~t 
Fax: 41 22 338 82 70 

The h1ternaUonal Bureau of WIPO 
PCT Receiving Section 
34, chemin des Coiombettes 
1211 Geneva 20 
Switzerland 

LETTER and REQUEST TO PUBUSH REPLACEMENT SHEETS 

Applicant hereby files replacement sheets pages 7, i8 and 24 to correct the 
nomenclature of certain compounds as suggested in Box no vm of the 
Preilminary Report on Patentability dated November 13, 2018. 

Applicant respectfully requests that the intemafa:irH:li Bureau published the 
replacement sheets filed with the Chapter !I with the US receiving office on April 
20, 2018 and submitted herewith. 

Dated: March 19, 2019 Respectfully submitted, 

Name: Susan Fentress 
Rag no. 31327 
Veritay Group IP 
20 Dudley Suite 8093 
Nhm1pMs, TN 38103 
USA 
901~371~6664 

nt!e: Agent for the Applicant 
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New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
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national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
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PCT/US2017/060761 25.01.2018 

PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

To: SUSAN B. FENTRESS PCT 
VERITAY GROUP, IP 
20 DUDLEY SUITE 803 
MEMPHIS, TN 38103 NOTIFICATION OF TRANSMITTAL OF 

THE INTERNATIONAL SEARCH REPORT AND 
THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44.1) 

Date of mailing 

25 JAN 2018 (day/month/year) 

Applicant's or agent's file reference 

24050.0001 PCT 
FOR FURTHER ACTION See paragraphs I and 4 below 

International application No. International filing date 

PCT/US 17/60761 
(day/month/year) 09 November 2017 (09.11.2017) 

Applicant IONO PHARMA, LLC 

I.~ The applicant is hereby notified that the international search report and the written opinion of the International Searching 
Authority have been established and are transmitted herewith. 
Filing of amendments and statement under Article 19: 
The applicant is entitled, ifhe so wishes, to amend the claims of the international application (see Rule 46): 
When? The time limit for filing such amendments is normally two months from the date of transmittal of the international 

search report. 
How? Directly to the International Bureau ofWIPO preferably through ePCT or on paper to, 34 chemin des Colombettes 

1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70 
For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 - 9.0 I I. 

2. D The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

3. □ With regard to any protest against payment of(an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with any 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 

□ no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Reminders 
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority 
to the International Bureau. These comments will be made available to the public after international publication. The 
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary 
examination report has been or is to be established. 
Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for 
international publication (Rules 90bis. I and 90bis.3). 
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international pre! iminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the 
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the 
time limit of JO months (or later) will apply even ifno demand is filed within 19 months For detail!l about the aµpllcable time 
limits, Office by Office, see www wipo.int/pot/cn/tcxb/ti1m:_llmits.html and the PCT Applicant's Guide, National Chapters. 
Within 22 months from the priority date, the applicant may request that a supplementary international search be carried 
out by a different International Searching Authority that offers this service (Rule 45bis. I). The procedure for requesting 
supplementary international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032. 

Name and mailing address of the ISA/US 
Mail Stop PCT, Attn: ISNUS 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300 

Form PCT/ISA/220 (July 2014) 

Authorized officer 

LeeW. Young 

PCT Helpdesk: 571-272-4300 
Telephone No. PCT osP: s11-212-1n4 
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PCT/US2017/060761 25.01.2018 

PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220 
24050.0001 PCT ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US 17/60761 09 November 2017 {09.11.2017) 13 November 2016 (13.11.2016) 

Applicant 
IONO PHARMA, LLC 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of ~ sheets. 

D It is also accompanied by a copy of each prior art document cited in this report. 

I. Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

IZ! the international application in the language in which it was filed. 

D a translation of the international application into ______________ which is the language of 
a translation furnished for the purposes of international search (Rules l2.3(a) and 23. l(b)). 

b. D This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

□ 

□ 

Certain claims were found unsearchable (see Box No. II). 

Unity of invention is lacking (see Box No. l!I). 

4. With regard to the title, 

IZJ the text is approved as submitted by the applicant. 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

IZJ the text is approv~d as submitted by the applicant. 

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With ree11rrl to th11 drn"·iug:s, 

a. the figure of the drawings to be published with the abstract is Figure No. _2 ____ _ 

IZJ as suggested by the applicant. 

D as selected by this Authority, because the applicant failed to suggest a figure. 

D as selected by this Authority, because this figure better characterizes the invention. 

b. D none of the figures is to be published with the abstract. 

Form PCT/ISA/210 (first sheet) (January 20 I 5) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/US 17/60761 

A. CLASSIFICATION OF SUBJECT MATTER 
IPC(8) - A61 K 31/137 (2017.01) 
CPC - A61K 9/0056, A61J 7/0053, A61J 1/035, A61K 9/006 

According to International Patent Classification (!PC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

See Search History Document 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

See Search History Document 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

See Search History Document 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

X US 4,145.441 A (BODOR) 20 March 1979 (20.03.1979), entire document, especially: col 5, 1,5, 11, 13 
-- preferred compound (1) 3.4-dipivalyloxy-a-[(methylamino)methyl]benzyl alcohol: col 5, preferred 
y compound (7) 3-(trimethylaceloxy)-a-[(methylamino}methyl]benzyl alcohol; col 5, preferred 2-4,15-16, 18-22 
-- compound (17) 3.4-di-2,5-hexadienoyloxy-a-[(methylamino)methyl]-benzyl alcohol; col 1, In 7- ------------
A 10; col 1, In 12-21; col 1, In 34-44; col 4, In 59-68; col 10, In 15-17, Claim 40. 6-10, 12 

14,17 
X US 2007/0202163 A1 (RAWAS-QALAJI et al.) 30 August 2007 (30.08.2007}, entire document, ------------
-- especially: para [0004]; para [0007]; para (0130]; para [0131]; para (0139]. 2-4, 15-16, 18,20-22 
y 

y US 2003/0180357 A 1 (MARTINO et al.) 25 September 2003 (25.09.2003), entire document, 19-22 
especially: para [0011]; para [0025]. 

A US 4,320,144 A (RESNICK) 16 March 1982 (16.03.1982), entire document, especially: col 3, In 6-10, 12 
13-4 7, 1,5-bis[(3-dichloropropanoyloxyphenyl)oxy] pentane. 

A - PubChem-CID-70464361, Create Date: 01 December 2012 (01.12.2012), pg 3, Fig. 1-22 

A - PubChem-CID-969492, Create Date: 09 July 2005 (09.07.2005), pg 3, Fig. 1-22 

□ Further documents are listed in the continuation of Box C. □ See patent family annex. 

• Special categories of cited documents: "T' later document published after the international filing date o~riority 
"A" document defining the general state of the art which is not considered date and not in conflict with the ap~lication but cited to un erstand 

to be of particular relevance the principle or theory underlying t e invention 

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 
filing date considered novel or cannot be considered to involve an inventive 

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be special reason ( as specified) considered to involve an inventive step when the <locument is 

"O" document referring to an oral disclosure. use, exhibition or other combined with one or more other such documents, such combination 
mi:ans being obvious to a person skilled in the art 

"P" document published prior to the international filing date but later than "&" document member of the same patent family 
the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

08 January 2018 25 JAN 2018 
Name and mailing address of the ISA/US Authorized officer: 

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774 

Form PCT/ISA/210 (second sheet) {January 2015) 
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SEARCH HISTORY 

Application Number PCT/US 17/60761 

Search Conducted By JFK 

Search Approved By sv 

IPC/CPC Classifications IPC(8}: A61K 31/137 (2017.01} 
Searched CPC: A61 K 9/0056, A61 J 7/0053, A61J 1/035, A61 K 9/006 

Date Conducted 8 January 2018 (08.01.2018} 

Documentation Searched USPC: None 

PatBase; Keyword limited: anaphylaxis/anaphylactic; 

Search Terms Used epinephrine/adrenaline/dipivefrin/isoproterenol/isoprenalin 
e; sublingual/buccal; prodrug/pro-drug 

Date Conducted 8 January 2018 (08.01.2018} 

Electronic Database Searched PatBase 

Files Searched Full-text: AU BE BR CA CH CN DE DK EP ES Fl FR GB 
IN JP KR SE TH TW US WO 
Bibliographic: (Europe) AT BA BE BG CH CS CY CZ DD 
DK EE ES Fl GE GR HR HU IE IS IT LT LU LV MC MD 
MT NL NO PL PT RO RS SE SI SK SM TR UA YU {Asia) 
EA GC HK ID IL IN KZ MN MY PH RU SG SU TH T J TW 
UZ VN {North America} CA CR CU DO GT HN MX NI PA 
SV TT {South America) AR BR CL CO EC PE UY 
(Australasia) AU NZ (Africa) AP DZ EG KE MA MW OA ZA 
ZMZW 

Date Conducted 8 January 2018 (08.01.2018) 

Search 1: 
IC=(A61K31/137) (Results 72fi!,) 
Search 2: 

Search Logic: 

CPC={A61 K9/0056 or A61 J7 /0053 or A61 J 1 /035 or A61 K9/006) (Results 7 486) 
Search 3: 
1 or 2 (Results 144 77) 
Search 4: 
3 and FT=(anaphlaxis} (Results 0) 
Search 4: 
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3 and FT=(anaphylaxis) (Results 163) 
Search 5: 
3 and FT=(anaphylactic} (Results 146) 
Search 6: 
4 or 5 (Results 244) 
Search 7: 
6 and FT=(epinephrine) {Results 101) 
Search 8: 
6 and FT=(adrenaline) (Results 48) 
Search 9: 
6 and FT=(dipivefrin) (Results 6) 
Search 10: 
6 and FT=(isoproterenol) (Results 34) 
Search 11: 
6 and FT=(isoprenaline) (Results 13) 
Search 12: 
7 or 8 or 9 or 10 or 11 (Results 114) 
Search 13: 
12 and FT=(sublingual) (Results 55) 
Search 14: 
12 and FT=(buccal) (Results 53) 
Search 15: 
12 and FT=(prodrug) (Results 13} 
Search 16: 
12 and FT=(pro-drug) (Results 1) 
Search 17: 
FT=(anaphylaxis) (Results 11108) 
Search 18: 
FT=(anaphylactic) (Results 8634) 
Search 19: 
17 or 18 (Results 17502) 
Search 20: 
19 and FT=(epinephrine) (Results 1371) 
Search 21: 
19 and FT=(adrenaline) (Results 584) 
Search 22: 
19 and FT=(dipivefrin) (Results 62} 
Search 23: 
19 and FT=(isoproterenol) (Results 480) 
Search 24: 
19 and FT=(isoprenaline) (Results 347) 
Search 25: 
20 or 21 or 22 or 23 or 24 (Results 2089) 
Search 26: 
25 and FT=(sublingual) (Results 674) 
Search 2/: 
25 and FT=(buccal) (Results 528) 
Search 28: 
25 and FT=(prodrug) (Results 465) 
Search 29: 
25 and FT=(pro-drug) (Results 66} 

PCT/US2017 /060761 25.01.2018 
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Electronic Database Searched Google 

Files Searched Web (Articles and Patents) 

Date Conducted 8 January 2018 (08.01.2018) 

Search Logic: 
---~------ ----------- - -- - -----------------
anaphylaxis 2,460,000 results 
anaphylactic 5, 150,000 results 
anaphylaxis sublingual epinephrine 54,400 results 
anaphylactic sublingual epinephrine 47,600 results 
anaphylaxis buccal epinephrine 37,300 results 
anaphylactic buccal epinephrine 42,900 results 
anaphylaxis sublingual adrenaline 24,200 results 
anaphylactic sublingual adrenaline 31,800 results 
anaphylaxis buccal adrenaline 18,600 results 
anaphylactic buccal adrenaline 18,600 results 
anaphylaxis sublingual dipivefrin 5,900 results 
anaphylactic sublingual dipivefrin 5,670 results 
anaphylaxis buccal dipivefrin 3,520 results 
anaphylactic buccal dipivefrin 3,460 results 
anaphylaxis sublingual isoprenaline 12,900 results 
anaphylactic sublingual isoprenaline 11,200 results 
anaphylaxis buccal isoprenaline 12,500 results 
anaphylactic buccal isoprenaline 13,100 results 
anaphylaxis sublingual epinephrine prodrug 7 results 
anaphylactic sublingual epinephrine prodrug 8,460 results 
anaphylaxis buccal epinephrine prodrug 5 results 
anaphylactic buccal epinephrine prodrug 22,800 results 
anaphylaxis sublingual adrenaline pro-drug 28,100 results 
anaphylactic sublingual adrenaline pro-drug 40,100 results 
anaphylaxis buccal adrenaline pro-drug 26,500 results 
anaphylactic buccal adrenaline pro-drug 25,900 results 

' 
Electronic Database Searched PubChem Compound 

Files Searched Data Source Categories: Biological Properties, Chemical 
Vendors, Journal Publishers, NIH Molecular Libraries 
68,406,957 records 

Date Conducted 8 January 2018 (08.01.2018) 

Search Logic: 
-- - - --- -- - . - - -- ... ~ - . --· ~ -- ---- - - - -~- ~ ----

CID = chemical ID; SID = substance ID 

AQUESTIVE THERAPEUTICS, INC. EXHIBIT 1052 pdf Page 015



PCT/US2017/060761 25.01.2018 

Supplemental 

53944616 
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Electronic Database Searched Google patents 

Files Searched 
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Date Conducted 8 January 2018 (08.01.2018) 
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buccal isoprenaline pro-drug epinephrine sublingual anaphylaxis 
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APPL. NO.: 

APPLICANT: 

PCT/US2017/060761 

lono Phama, LLC 

FILED: 09 NOV2017 

TITLE: PHARMACEUTICAL FORMULATION FOR 
SUBLINGUAL OR BUCCAL DELIVERY OF EPINEPHRINE OR A PRO-DRUG 
THEREOF 

Mail stop PCT, Commissioner of Patents 
PO Box PCT 
Alexandria, VA 22313-1450 

Dear Sirs: 

In response to the invitation to correct defects dated 20 NOV 2017, applicant has 

submitted a replacement sheet for the title heading the description and replacement 

drawings to correct the defects. 

Respectfully Submitted 
/Susan B Fentress/ 
Susan B. Fentress, Agent of record 31327 
Veritay Group, IP 
20 Dudley Suite 803 
Memphis, TN 38103 USA 
Telephone No. 901-371-6664 
sfentress@veritaygroup.com 
Dated: December 14, 2017 

1 
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Replacement sheet Attorney Docket Number 

24050.0001 PCT 

TITLE OF THE INVENTION: PHARMACEUTICAL FORMULATION FOR 

SUBLINGUAL OR BUCCAL DELIVERY OF EPINEPHRINE OR A PRO-DRUG 

THEREOF 

Field of the Invention: 

5 [0001] The present invention relates to pharmaceutical compositions for the treatment of 

anaphylaxis formulated for rapid sublingual or buccal delivery, i.e., compounds that dissolves 

in the oral cavity. In one embodiment, the delivery vehicle is a rapidly dissolving film. The 

films contain an epinephrine, or a novel epinephrine pro-drug formulated for the rapid 

delivery of the drug to a patient in need of treatment, such as for example, a patient in need of 

10 treatment for anaphylaxis. 

Description of Related Art Including Information 

[0002] Epinephrine is considered the primary choice for the treatment of anaphylaxis 

which is a life threatening allergic reaction that might lead to death if untreated especially in 

children. A study reported that one in every 10,000 children has an anaphylactic attack per 

15 year. Epinephrine is the drug of choice for the treatment of anaphylactic shock in children 

and adults. It is highly soluble in water, highly hydrophilic (log P -0.68) and can be oxidized 

readily. Based on the current physicochemical properties of epinephrine, the only delivery 

available in the market is intramuscular injection. The administration of proper therapeutic 

agents, such as, epinephrine must be prompt. This is usually performed through the usage of 

20 auto-injectors such as EPIPEN (MYLAN) or TWINJECT(SH.1ONOG1 PHARMA, INC.) that 

deliver the required dose in the mid-outer thigh either subcutaneously or intramuscularly. 

However, many disadvantages are reported with the usage of these injectors such as high 

25 

cost, inaccurate administration, short half-life, patient's fear of needles, accidental injections, 

and unavailability of a sufficient number of fixed prefilled doses. 

[0003] These shortcomings affect greatly the patient compliance and adherence to 

these injectors. In addition, it is very challenging to adjust the dose to different children ages 

as there are only two premeasured fixed epinephrine doses (0.15 and 0.3 mg). Recent study 

showed that only 1 7% of pediatric patients who have experienced anaphylactic symptoms 

have used prescribed auto injectors. Other available delivery systems such as syringes or 

30 inhalers are also underused due to their 

1 
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EFSID: 31228370 

Application Number: 

International Application Number: PCT/USl 7/60761 

Confirmation Number: 4463 

Title of Invention: 
PHARMACEUTICAL FORMULATION FOR SUBLINGUAL OR BUCCAL DELIVERY 
OF EPINEPHRINE OR A PRO-DRUG THEREOF 

First Named Inventor/Applicant Name: IONO PHARMA, LLC 

Customer Number: 76447 

Susan B. Fentress 
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20 Dudley St 
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Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

63627 

1 Misc. incoming letter from Applicant - IA letteroftransmital.pdf no 1 
3bd 1 e0f04bbdbab4fd7Sd8f682e2812eea7 

2acc 

Warnings: 

Information: 

329449 

2 Specification replacmentspecpage.pdf no 1 
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3536 

Warnings: 

Information: 

233988 

3 
Drawings-only black and white line 

ionofigsreplacment.pdf no 9 
drawings 

07 bS 75 2 7 4d4e 2a854 73 5 cb4d9 5 985 c8cb6C 
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Warnings: 

Information: 

Total Files Size (in bytes) 627064 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PA TENT COOPER.I\ TION TREATY 

1--'rom the INTERNATIONAL SEARCHING AUTHORITY 

To: 

SUSAN B. FENTRESS 
VERITAY GROUP, IP 
20 DUDLEY SUITE 803 
MEMPHIS, TENNESSEE 38103 

Applicant's or agent's file reference 

24050.0001 PCT 

PCT 

NOTIFICATION OF RECEf PT 
OF SEARCH COPY 

(PCT Ruk 25.1) 

Date of mailing 
20 Nov 2017 ( dayllnonthl_year} 

IMPORTANT NOTIFICATION 

Imernational application No. International filJng date (daylrnonth.J~-vear.) Priority date (day/monrh~vear) 

PCT/US2017/060761 09 Nov 2017 13 Nov 2016 

Applicant 

IONO PHARlVIA, LLC 

1. Where the International Searching Authority and the receiving Office are not the same Office: 

2. 

3. 

The applicant is hereby nmified tbat tbe search copy of the international application was received by this International Searching 
/\uthority on 1he date ]ndicated be1o\v. 

Where the International Searching Authority and the receiving Office are i.l!e same Office: 

The applicant is hereby notified 1hat the search copy of tbe international application was received on tbe dale indica,ed below. 

□ 

□ 

09 Nov 2017 
(date qfreceipt) 

'Jhe search copy was accompanied by a nucleotide andior amino acid sequence listing in the fonn of an Annex C/ST.25 
text file under PCT Rule ] 3ter. l(a) for !he purposes of international search only. 

The search copy contained a nucleotide and/or amino acid ;;.equence listing in tbe fom, of an Annex C/ST.25 text file 
forming par! of the in1emationa1 application as filed. 

4. Time Hmit for es!ablishmeni of ln1en:iational s,;arch r,,por1 and written opinion of th<.' Inl<.'r-natlorial Searching AU!hodty 

The applicant is infonned that the time limit for establishing the international search repmi and the written opinion of the 
International Searching Au1horily i:c, three months from the date of receipt indicated above or nine months from the priority date, 
whichever lime limil expires later (Rules 42. l and 43his.l(a)). 

A copy of this Notific:,tion has been sent to the Imeniational Bureau and, where the first sentence of paragraph 1 ,,pplies, to the 
receiving C)ffice. 

Name and mailing address of tbe [SA/ 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsi1nile No. 571-273-8300 

Form PCTilSA/202 (January 2015) 

Authorized officer 

LaShonnah Tyson 

Telephone No. 571-272-6628 
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PATENT COOPER,.\ Tl ON TREATY 

From the RECEfVING OFFICE 

To: 

SUSAN B. FENTRESS 
VERITAY GROUP, IP 
20 DUDLEY SUITE 803 
MEMPHIS, TENNESSEE 38103 

Applicant's or agent's file reforence 

24050.0001 PCT 

PCT 
NOTIFIC,-\.TION CONCERNING PAYMENT 

OF PRESCRIBED FEES 

(PCT Rules 12bis.l(c), 14, 15 and 16 
andAdrninistrative Instructions. 
Sections 304, 323(b) and 707) 

Date of mailing 
20 Nov 2017 {d..£tyl1nonth.lyear) 

PAYMENT DUE 

see item 3 for time limits 

International application No. International filing date/Date of receipt Priority date ( &:iylmonth./year) 

PCT/US2017/060761 
( dayltnonthlyear) 

09 Nov 2017 13 Nov 2016 

Applicant 

IONO PHARMA, LLC 

l. The applicant is hereby notified that this receiving Office has received: 

the payml."nt of all the prescribed foes, and □ an overpayment, which will be refunded in due course. 

no or insuffidl."nt payment of the prescribed foes and the applicant is hereby 
summarized under item 2, within the time limit(s) indicated under item 3. 

2. Fees and payml."nt cakulation: 

2,514.00 2,514.00 

Total fees payable Arnoumpaid 

D The de1ails of1he calculation are given in 1he Annex. 

3. Time Hmit(s) for payment and a:mount(s) payable (Rules 14.1, 15.3 and 16.l(f)): 

invited to pay the balance due, as 

0.00 

Balance 

□ wit bin C.lNE M:ONTH from the date of receipt of the international application (for the transmittal fee (if any), the search 
foe and the international filing foe). The ainount payable for each foe i~ the amount applicable on 1he date of receipt of1he 
international application. 

□ within 16 MONTHS from the priority date (only for the foe for priority document). The applicant's attention is d:rawr1 to the 
fact that the request made by the applicant 1.mder Rule 17.l(b) \Vill be considered nm to have been made mi.less the foe is: pai 1 

within that time limit. 

4. Additional observations (ff"necessary): 

□ The search copy wiil not be transmitted to tbe International Searching Aufaority until tbe search foe is paid (therefore the 
s1ar1 oftbe ln1emational search will he delayed) (Rule 23. ](a) and (b)). 

Nmne and maili...'1g address of tbe ,<0ceiving Office 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-8300 

Forni PCT/RO/102 (July 2015) 

Authorized officer 

LaShonnah Tyson 

Telephone No. 571-272-6628 

AQUESTIVE THERAPEUTICS, INC. EXHIBIT 1052 pdf Page 032



ANNEX TO F'ORM PCTiR0/102 
CALCULATION OF THE PRESCRIUED FEES 

({fa reduced Jee has he en a~vplied, the reduced atnount is indicated~} 

[I] Transmittal Fee 

Prescribed amount: 

Amoun1 paid: 

Balance:. 

W SearchFee 

Prescribed amount: 

Amount paid: 

Balance:. 

DJ International FiHng Fel." 

Prescribed amount: 

Fixed amount for first 30 sheets: 

6 X 
----------

Numb er of sheets 
in exceE.s of 30 

(e-rcluding pages r~,fCrred 
f;_J in Section 707(a-bis)j 

15.00 
Fee per sheet 

Reduction where the international application is filed 

in electronic form, the rt-'XJUest not being in 
character coded format . 

or 

iuelectronic form, the reques1 being in character 
coded forrnat 

or 

in electronic form, the request, de~cription, 
claims and abstract being in character coded 
formal 

1 ,264.oo rm 
90.00 [i] 

0.00 [rl 

0.00 GJ 

0.00 [JJ 

International application No. 

PCT/US2017/060761 

120.00 !Ti 
120.00 

0.00 

1,040.00 
0.00 

gJ conect amount 

D overpayment 

D balance due 

~ correct amoun1 

D overpay1nent 

D balance due 

Sub-total: 1 ,354.oo I i1+i2-r 1 

Applicanrs .fron1 certain States are enritled to a reduction o_f' 90o/c o.f the 
international Jiling Jt...,e. VVhere the applicant is ( or all applicarus are) so 
eritilled, Ihe toral to be entered at l is JO~'i {~f the sub•-local. eniered at 
(i.l+i2--r): (see 1\1otes to the f/ee C'a!culation Sheet as annexed to tlie 
Request Form, PCTIRCi/101,for details),-

Amount paid: 

Balance:. 

l1J Fee for Priority Document 

Prescribed amoum: 

t\mount paid: 

Balance: 

llifil Fl."e for Earlier Search Docum;_,nts 

Prescribed amount: 

Amount paid: 

Baiance: 

Form PCT/RO/J 02 (Annex) !July 2017) 

1,354.00 OJ 
1,354.00 

0.00 

o.oo rn 
0.00 

0.00 

0.00 fEsJ 
0.00 

0.00 

~ correct amount 

D overpayment 

D balance due 

~ correct mnrn .. mt 

D overpayniern 

D balance due 

D correct arnount 

D overpayrnenl 

D balance due 
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PATENT COOPERATION TREATY 

From the RECEIVING OFFICE 

PCT 
To: 

SUSAN B. FENTRESS 
VERITAY GROUP, IP 
20 DUDLEY SUITE 803 
MEMPHIS, TENNESSEE 38103 

NOTIFICATION OF THE INTERNATIONAL 
APPLICATION NUMBER AND OF THE 

INTERNATIONAL FILING DATE 

(PCT Rule 20.2(c)) 

Confirmation No: 4463 
Date of mailing 

20 Nov 2017 (day/month/year) 

Applicant's or agent's file reference 
IMPORTANT NOTIFICATION 

24050.0001 PCT 

International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/US2017/060761 09 Nov 2017 13 Nov 2016 

Applicant 

IONO PHARMA, LLC 

Title of the invention 

PHARMACEUTICAL FORMULATION FOR SUBLINGUAL OR BUCCAL DELIVERY OF EPINEPHRINE OR A PRO-DRUG THEREOF 

1. The applicant is hereby notified that the international application has been accorded the international application nwnber and the 
international filing date indicated above. 

2. The applicant is further notified that the record copy of the international application: 

~ 
20 Nov 2017 

was transmitted to the International Bureau on . 

□ has not yet been transmitted to the International Bureau for the reason indicated below and a copy of this notification 
has been sent to the International Bureau*: 

□ because the necessary national security clearance has not yet been obtained. 

□ because (reason to be specified): 

* The International Bureau monitors the transmittal of the record copy by the receiving Office and will notify the applicant (with 
Form PCT /IB/301) ofits receipt. Should the record copy not have been received by the expiration of 14 months from the priority 
date, the International Bureau will notify the applicant (Rule 22.1 ( c) ). 

3. FOREIGN TRANSMITTAL LICENSE INFORMATION Completed by: LT 

□ 
Additional license for foreign transmittal not required. This subject matter is covered by a license already granted or 
the equivalent U.S. national application. Refer to that license for information concerning its scope. 

□ 
License for foreign transmittal not required. 37 CFR. 5.1 l(e)(l) or 37 CFR 5.1 l(e)(2). However, a license may be 
required for additional subject matter. See 37 CFR 5.15(b). 

[g] 17 Nov 2017 
Foreign transmittal license granted. 35 U.S.C. 184; 37 CFR 5.11 on 

□ IX] 
(date) 

37 CFR 5.15(a) . 37 CFR 5.15(b) 

Name and mailing address of the receiving Office Authorized officer 

Mail Stop PCT, Commissioner for Patents LaShonnah Tyson 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-8300 Telephone No. 571-272-6628 

Form PCT/RO/105 (July 2008) 
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PATENT COOPER,.\ Tl ON TREATY 

From the RECEIVING OFFICE 

To: PCT 
SUSAN B. FENTRESS 
VERITAY GROUP, IP 
20 DUDLEY SUITE 803 
MEMPHIS, TENNESSEE 38103 

INVITATION TO CORRECT DEFECTS IN 
THE INTERNATIONAL APPl.ICATION 

(PCT Articles 3(4)(i) and 14(1) and Rule 26) 

Date o!"rnailing 
20 Nov 2017 ( daylmonth<vear) 

Applicant's or agent's file reforence REPLY HUE 
wi1hin T'vVO MONTHS from the 

24050.0001 PCT above date of mailing 

International application No. international filing date 

PCT/US2017/060761 
f da.}ln1onth(-vear) 

09 Nov 2017 

Applicant 

IONO PHARMA, LLC 

w'l 
L~ The applicant is herebyinvited, wilhin the ti1ne limit indicated above, to corrnctjn the international application as filed, the 

defects specified on tbe attached: 

[Kl i\xmex A 

D _t\nnex I-11 (text ,natter o_,f the international application as flied) 

'?1 ~ /\_nuex {_' l ( draiving5 i7.f the international application as ,filed) 

2. D The applicant is hereby invited, within the time limit indicated above, to correct, i.n the translation of the international 
appHciition fomishecl 1mder Rule 12.3 or l 2.4, 1he defoc1s specified on tbe attached: 

D AnnexA 

D /\_nuex B2 (rext rnatrer of the translation o_f d,e international application) 

D _A....._qnex C2 ( drav,/ings o,.,f the translation oj-the international application) 

Addi.Hnnai obserYations (if necessary): 

HOW TO CORRECT THE DEFECTS·? 

Except where the defoct is in the request, any correction must be submitted by filing a replacement sheet embodying the 
cotTecfam and a letter accompanying lhe replacernent sheet, which shall draw attention to tbe difforence bso1ween tbe replaced 
shee1 and tbe replacemen1 sheet For a defect in the request, a con-ection may simply be s!Hted in a letter if it is of such ana!ure 
that the correction ctm be transferred clearly onto the request record copy (Rule 26.4). 

ATTENTION 

Faiiure to correct the detects will result in the inlernational a.pplica!ion being considered \Vi1hdrawn by this receiving Ofl:i.c(fsee 
Rule 26.5 for farther details). 

A copv oftbis Invi1ation and anv attac:hmeu1s has been senl to the International Bureau 
0 

lliJ and tbe Internatim;al Searching Authorily. 

Name and mailing address of the receiving Offi.c:e 

Mail Stop PCT, Commissioner for Patents 
P.O. Box 1450, Alexandria, VA 22313-1450 

Facsimile No. 571-273-8300 

form PCT/RO/106 (16 September 2012) 

Authorized officer 

LaShonnah Tyson 

Telephone No. 571-272-6628 
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[niemational application No. 

ANNEX A TO F'ORM PCT/ROi106 PCT/US2017/060761 

The receiving Office has found the following defects in the international application as filed: 

1. 

* 

2. 

As to the signature of the international appllcaticm (Rules 4.15, 26.2bis(a) and 90.4), the request: 

a. D 

b.0 

is not signed by the applicant or, if there is more than one applicant, by at least one of them*. 

is signed by what appears IO be an agent/common representative, but the international application is not accompanied by 
a power of attorney signed by a1 leasi one oftbe applicants*. 

c. D other (specijy ): 

The applicant's attention is drawn to the fact that the national law applied by each designated Office may require, in conr,mlt with 
the processing of the international application in the national phase, that the applicant furnish the confimmti011 of the intrnational 
application by the sign_ature of any applicant for the designated State w·ho has not signed the request (Rule 51 bis.l(a)(vi)). 

As to the indications concerning th~pplicant* who is entitled, according to Rule 19. ! , to iile the internaiicmal application witb the 
receiving Office, the request (Rules 4.4, 4.5 and 26.2bis(b)): 

a. D does not properly Lridicate the applicant's name (:,pecify): 

o. D does nol indicaie tbe applicant's address. 

c. D does not properly indicate the applicam's address (specify): 

d. D does no1 indicaie tbe applicant's nationality. 

e. D does not indicate the appiican!'s residence, 

D Further observations about indications concerning other applicants (if applicable): 

* 

3. 

Ai1hougb Rules -1 .4 and 45 require indications concerning the applicant, or if ,here are several applicants, of each of ihemfor the 
purposes of Article l 4(l)ia)(ii), if1here is more tban one applicant, it sball be wffic1ent tbat the indications required urnl er 
Rule 4.5(a )(ii) and (iii) be provided in respect of one of thC,111 who is entitled according to Rule 19 .1 to file the internationa l 
application with the receiving Office (Rule 26.2bis(b)). 

However, ,he applicant's atlentiou is drawn to the fact thai tbe national law applied by each desi~·nated Onice may require, in 
connection with tbe processing of ,he international application in tbe national phase, tbat the applicant furnish any missing 
indication required under Rule 4 .S(a)( ii) and (iii) in respect of any applicant for the designated State (Rule 51 bis .1 (a)(vii)). 

As to ihe hmguag~ of certain elements of the international applica1ion, olher than the descrip1ion and claims (Rules 1 '.::. He) 
and 26.3ter(a) and (c)): 

--□ a. 

b.0 

c.D 

the re,im,si. is not in a language ofpublica1ion accepted by ,his receiving Office; (the) Janguage(s) accep1ed by tbis 
receiving {)ffice is/are: 

the text matter of the drawings is not Lri the language in which the international application is to be published, which is: 

tbe abstnict is noi in the lan;mage in vvhich the international ar,u1ica1.ion is ,o be publisbecL whicb is: 

4, The iiH~ of ,he invention: 

a. □ is not indicated ln Box No. I of the request (Ruie 4.l(a)). 

b. □ is not indicaled a1 the top of the first sheet of the description (Rule 5. l(a)). 

C. &:] as appearir,g ill Box No. I ofihe reques1 is not idrnHcal wifa ,he 1itle heading the description (Rule 5. Ha)), 

5. As to tbe abstract (Rules 8 and 26.1): 

D the inten1ational application does not contain an abstract. 
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This receiving Office has fmmd that, with regard to the presentation of the text matter of the inten1ational application as filed, the 
physical requiremems are not complied witb to the extent that compliance therewith is necessary for: 

1. D reasonably uni form international publication (Rules 1 l and 26.3(a)(i)) (d,fects to be specijied): 

a.D 
b.0 

c.D 
d.0 

e.D 
f. □ 
g. □ 

h.0 

i.D 

the sheets do not admit of direct reproduction 

the element does not cornrnence cm a new sheet 

sheets are not free frorn creases, crncks, folds 

sheet~ are not used in tbe upright posi1ion 

one side of tbe sheets is no1 left unused 

the paper of the sheets is not tlexiblchtrong/,vhite/smooth_/non-shiny!dtu-ablc 

the sheets are not connected as prescribed (Rule l 1.4(b)) 

sheets are not A4 size (29.7cm x 2lcm) 

the minimum margins on the sheets are not as prescribed 
(top: 2cm; left side: 2.5cm; right side: 2crn; bottom: 2cm) 

j. D the file reference number indicated on 1he sheets does no! appear in !he 
left-hand comer of the sheers, ,vithin 1.5 cm of the top of the sheets 

k. D the file reference number exceeds the maximum of l 2 characters 

l. D the sheets of the description, claims and abstract are not numbered 
in consecutive Arabic numerals 

m.D 

n.D 
o.D 

p. □ 

q. □ 

r.D 
□ 

t.D 

u.D 

1he sheet numbers are not centered at !he top or bot1om oftbe sheets 

the shee! numbers are in the margin (see i. above for 1he size of the margins) 

the text matter is not typed or printed 

the typing on the sheets i,, not 1 '/,-spaced 

the charncten, in the text matter cm the sheets are less than 0.28 cm high 
in capital le,ters 

tbe tex1 matter on the sheet; is no1 in dark, indelible color 

the element contains drm;;rings 

the sheets contain alterations/ovenvritings/interlineations/too many erasures 

the sheets contain phmocopy mark~ 

2. D satisfactory reproduction (Rules 11 and 26.3(b)(ij) 

Further observation:; (if necessary): 
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This receiving Office has fmmd that, with regard to the presentation of the drawings of the international application as filed, the 
physical requirements are not complied with to the extent ,hat cmnplia11ce ,herewith is necessary for: 

1. [El reasonably uniforn1 iniemational publicaiion (Rules 11 and 263(a)(i)) (defects to be specified): 

Sheets containing drawings: 

a. 

b. 

c. 

d. 

e. 

g. 

h. 

j. 

k. 

L 

n1. 

n. 

0, 

p. 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 

□ 
□ 
!Kl 
□ 
□ 
□ 
□ 

the sheets do not admit of direct reproduction 

the sheets are not free from creases, cracks, folds 

one side of the sheets is not left unused 

,he paper of the sheets is no! tlexible/s,ronyJwhite/smoo!h/non-shiny/durable 

the drawings do not commence on a nevv· sheet 

the sheets are not connected as prescribed (Rule l l .4(b)) 

the sheets are not A4 size (29.7cm x 21cm) 

,he minimum margins on the sheets are not as prescribed 
(top: 2.5cm; left side: 2.5cm; right side: 1.5cm; bottom: 1cm) 

the file reference number indicated on the sheets does not appear in the left-hand corner of the sheets, within 1 i,m 
of,he top of1he sheets 

the file reference number exceeds the maxinmm of 12 characters 

the sheets are not free from frames around usable or used surfaces 

the sheets are not numbered in co11secutive Arabic numerals (e.g. l/3, 2/3, 3/3) 

,he sheet numbers are not centered at the top or bottom ot'foe sheets 

the sheet numbers are in 1he margin (see h. above for the size of the 1nargins) 

tbe sheets contain alteratlonsioverwritingsiinterlineations/too many erasures 

the sheets contain photocopy marks 

Dnrwings (Rule 11.13): 

a. 

b. 

C. 

d. 

e. 

f. 

h. 

k. 

□ 
□ 
□ 
GJ 
□ 
Ii] 

□ 
Ii] 
□ 
□ 
1K] 
□ 

m. D 
l1, □ 
0. □ 
p. □ 
q. □ 
r, □ 
s. □ 
t. □ 
u. □ 

do not adrrlit of direct rnproduction 

contain unnecessary text matter 

contain words so placed as to prevent translation without in,erfornnce with lines thereof 

are not executed in durable black color; the lines are not uniformly tl"',ick and well-defined 

contain cross-seclion'> no1 properiy ha1ched 

would not be properly distinguishable in reduced reproduction 

contain scales not represented. graphically 

contain numbers, letters and reference lines lacking simplicity and clarity 

contain lines drafted without the aid of drafting instruments 

contain di sproportiona1.e elements of a figure nol necessary for c lari,y 

contain numbers and letters of height less than 0.32 cm 

contain letiers not conforming to the Latin, and where cus!omary, Greek alphabets 

contain figures on rwo or rnore sheets v,h.ich form a single complete figure but which are not able to be assembled 
without concealing paits thereof ~ ~ 

contain figures "\Vhich are not properly an-anged and clearly separated 

contain different figures not numbered in consecutive Arabic nurnerals 

contain different figures not numbered independently ot'the numbering of the sheets 

axe not restricted to reference signs mentioned in the description 

do no! con1ain reference signs that are mentioned in the descrip1ion 

contain the E.ame foature denoted by difterent reference signs 

are not an-anged in ,m uprigb1 position, clearly ;;eparn1ed from one ano!her 

are not prnsented sideways with the top of the figures at the left side of the sheets 

,., D satisfactory reproduction iRules l 1 and 26.3(b)(i)) 

Fur!her observa,i.ons ((f necessary): 
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TITLE OF THE lNVENTfON: PHARMACEUTICAL FORMULATION FOR 

SUBUNGUAL OR BUCCAL DELIVERY OF EPINEPHRINE 

Field of the Invention: 

The present invention relates to phan:naceutkal compositions for the treatment 

5 of anaphy1axis fornmlated fur rapid subiingual or buccal delivery, i.e., compounds that 

dissolves in the oral cavity, In one e.mbodirnent, the delivery vehicle is a rapidly dissolving 

film. The fi1ms contain an epinephrine, or a nove1 epinephrine pro-dmg fim:nulated for the 

rapid delivery of the drug to a patient in need of treatment, such as for example, a patient in 

need of treatment for anaphylaxis. 

10 Description of Rdated Art lnc.luding Infurmation 

[0002] Epinephrine is considered the primary choice for the treatment of 

anaphylaxfa which is a life threatening alforgic reaction that might lead to death if 

untreated especially in children. A study reported that one in every 10,000 children 

has an a:naphy lactic attack per year. Epinephrine is the dmg of chok:e for the 

15 treatment of anaphylactic shock in children and adults. lt is highly soluble in water, 

highly hydmphrnc (Jog P -0.68) and can be oxidized readiiy, Based on the current 

physkochemkal properties of epinephrine, the only delivery available in the :market is 

intramuscular injection. The administration of proper therapeutic agents, such as, 

epinephrine must be prompt 'Ill.is is usually performed through the usage o:f auto-

20 injectors such as EPIPEN (1\.-fY.LAN) or T\VINJECT (S'f-HONCK}l .PFf..,\Ri\JA, 1NC.} 

that deliver the required dose in the mid-outer thigh either subcutaneously or 

intramuscularly. However, many disadvantages arc reported with the usage o:f these 

injectors such ;:rn high cost, inaccurate administration, short half-life, patient's fear of 

needles, accidental injections, and unavailability of a sufficient number of fixed 

25 prefilled doses, 

[0003] These shortcomh'lgs affect greatly the patient compliance and ad.herence 

to these i:11jectors. :Jn addition, it is very chaHenging to adjust the dose to different 

children ages as there are only two µremeasured fixed epinephrine doses (0.15 and 

0.3 mg), Recent study showed that only 1 7% of pediatric patients who have 

30 experienced anaphyiactk symptoms have used prescribed auto injectors. Other 

avaifabie delivery systems such as syringes or inhalers are also underused due to their 

1 
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lack of rapid and accurate dosing. Therefore, there is growing interest ln the 

development of an alternative non-invasive delivery system that can easily provide 

accurate doses of epinephrine. 

[0004] Anwar A. I-fossam and Jmnes E Truelove were granted patents related 

5 to the synthesis of novel esters of l(methylamino)methylJ benzyl alcohol which is 

epinephrine. The purpose of the Hussain's et al. invention was to develop a prodrug 

of epinephrine HCl with superfor lipid solubUity to enhance penetration through the 

cornea of the eye to treat glaucoma. Hussain et al. synthesized four different 

prndrugs for this purpose (see structures 7A, 7B, 7C, 7D). These four molecules were 

10 tested in human, rabbit and horse pfasmas and found that 3, 4 - dip1va1yl-n­

[{methylamino) methyl] benzyl alcohol hydrochloride (strncture 7D) shows the best 

penetration profile into the eye. Hussain's et al. didn't evaluate the log P of these 

molecules nor did they evaluate the sublingual or buccal permeability or absorption. 

TI1eir main focus was to develop a prodrng specifically for the eye, Since the initial 

15 publishing of Anwar's patents in 1974 and 1975, no one has followed up or even 

published any new data on sm.1ctmes 7 A, 7B, and 7C. Dipiva.lyl-ct,-[(methylamino)J 

benzyi alcohol hydrochloride (7D) was further developed inlo a. drug delivery system 

for glaucoma (Dipivefrin or Propine). Hussain and Truelove selected this prodrng for 

further development because of several physkochemical and biological qualities" Tue 

20 first quality was esthnating the delay befbre onset of seizure for this pro<lrug was 

about 8-10 minutes, the second quality was the rate of hydrolysis expressed as tw in 

human plasma was about 1,800 seconds and the third quality was the tu2 hydrolysis 

and oxidation in vitro was 700 a.nd 300 days respectively, In a separate publication 

(Journal of Pharrnaceutical Sciences, VoL 65, No. 10, October 1976, p: 1510-1512), 

25 Ifossain et. at sh.a.red the graphs for the in vitro hydrolysis of this particular prndmg 

using rabbit eye homogenate and compared the hydrolysis among three di.ffore:nt 

plasmas (human, rabbit, rabbit eye homogenate). 

f0005] FHms that incorporate a pharmaceutfoaHy active ingredient are disclosed 

in U.S, Pat. No, 4,136,145 to Fuchs, et aL ("Fuchs"\ These films can be fom1ed into 

30 a sheet, dried a.nd then cut into individual doses. Examples of specific uses disclosed 

by Fuchs include application of the films to mucosa.I membrane areas of the body, 

induding the mouth, rectal, vaginal, nasal and ear areas. A drug delivery vehicle must 

provide a high level of uniformity with respect to the dosage delivered" 

2 
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BR1EF SUMMARY OF THE INVENTION 

l0006] Iliis invention relates to pharmaceutical compositions made by modify-mg 

the physicochemfoal properties of epinephrine in order to enhance Hs permeabHit)' 

through biological membranes (sublingual and buc:cal membranes). Several prod.rugs of 

5 epinephrine are shmm by modifying the hvo hydroxyl (phenolic) groups in positions 3 

and 4 on the benzene ring, by chemfoaUy reacting the t\vo groups with several add 

moieties to form an ester bond with different alky 1 chains. The addition of an alkyl 

group will enhance the lipophilidty of epinephrine (increase log P) and ,vill consequently 

increase its permeability through the biological membranes (sublingrmJ and buccal tissues 

10 in the ornJ cavily), The 3 and 4 positions represent meta and para locations <,vith respect 

to the carbon in position 1 on the phenolic ring of epinephrine. Once the prod.rug 

penetrates biological membranes (suhlingual and bucca1), the biological enzyme 

carboxyesterase will degrade the ester bond and release epinephrine for therapeutic 

[0007] In another embodiment, the su~ject matter includes a method to deHver 

epinephrine involving the steps of: providing epinephrine in a unit dosage form 

formulated for :sublingual or buccal administration, wherein the unit dosage fom1 is a 

20 rapidly dissolving film and the unit dosage fonn provides the pharmaceutical pro-drug 

of epinephrine. Mme specifically, this method involves providing pharmaceutical pm­

drug compositions epinephrine in a unit dosage form to patients in need of anaphylactk 

treatment. 

[0008] The suQject matter includes a pharm.acemfoai formulation made of: a compound 

25 as depicted rn a formula 2A and a pharmaceutically acceptable carrier or a 

pharmaceutically acceptable excipient, wherein R1 is selected for the group consisting 

of: C:H3, CL and 1. A ph.an:naceutfoal formulation made of: a compound as depicted in 

a formula 2B and a pharmaceuticaUy acceptable carrier or a pharmaceutically acceptable 

excipient, wherein RJ is selected for the group consisting of: CL and L A pham1aceutkal 

30 fornmlation made of: a compound as depicted in a formula 3C and a pharmaceutically 

acceptable carrier or a pharmaceulicaHy acceptable exdpient, wherein R4 is selected for 

the group consisting of: CL and I. A pharmaceutical formulation made of: a compound 

as depicted in a formula 3D and a pha:rmaceuticaHy acceptable carrier or a 

3 
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pharmaceutically acceptable exciplent, ,ivherein R1 ls selected for the group consisting 

of: CH3 .. Cl and L A pharmaceutical :fr.)rmufation made of; a compound as depicted in 

a formuia 4E and a pharmaceutically acceptable carrier or a pharmaceutfoaUy acceptable 

exdpient, wherein R2 is selected for the group consisting of: Clh, CI and I. A 

5 pharmaceutical for:nmlaticm. made of: a compound as depicted in a formula 4F and a 

pharmaceuticaHy acceptable carrier or a pharmaceutically acceptable excipient, wherein 

R1 is selected for the group consisting of: CH3, CI and L A phannaceutfoal formulation 

made of: a compound as depicted in a fommla 5G and a phannaceutically acceptable 

carrier or a pharmaceutically accept.able exdpient wherein Ri is selected for the group 

10 consisting of: H, I, CI, CH2CH2CH3 & CH2CH2CH2CHJ, CH2CI, CH2I and CH2F A 

pharmaceutical formulation. made of: a compound as depicted in a formula 6H and a 

pharmaceutically acceptable carrier or a pharmaceutically acceptable excipient, wherein 

R2 is selected for the group consisting of: H, CH3_ Cl and. l. A pharmaceuticaI 

fonnu1ation made of: a compound as depicted in a formula 61 and a pharmaceutically 

15 acceptable carrier or a pharmaceutically acceptable excipient, wherein R5 is selected for 

the group consisting of: Cl I and CH30 The compound is formulated. in a 1-mit dosage 

fonn as a rapidly dissoiving film. The inventfon further provides use of the 

pharmaceutical formulation in a patient in need of anaphy lactic treatment. 

20 

25 

30 

BRIEF DESCRIPTION OF SEVERf\L VIEWS OF THE DRA. WING(S): 

[0001.0J 'fhe invention can be best understood by those having ordinary skm 

in the art by reference to the following detailed description when considered in 

conjunction with the accompanying drawings in which: 

[00011] FIG, 1 shows the generic chemical structure of a bfologicaHy inactive 

compound of this invention. 

[00012] FIG, 2 shows exemplary compounds of the present invention. 

[000131 FIG. 3 shows exe.mplary compounds of the present invention. 

[000141 FIG. 4 shows exemplary compounds of the present invention. 

[00015] FIG, 5 shows exemplary compounds of the present invention. 

l00016J .J:flG. 6 shows exemplary compounds of the present invention, 

[00017] FIG. 7 shows Anwar A, Hussain and Jrunes E. Truelove compounds. 

[00018] FIG. 8 shows a stress~strain profile of the optirnized epinephrine fast 

dissolving fiim. 

4 

AQUESTIVE THERAPEUTICS, INC. EXHIBIT 1052 pdf Page 042



Attorney Docket Number 
24050.0001 PCT 

[00019} FIG. 9 shows a release profile of the epinephrine from the optimized 

fast dissolving film h1 500 mi Simulated Saliva at 37 "(\ 

DETAILED DESCRfPTION OF THE INVENTION: 

[00020] 'fhe present invention may be understood more readily by reference to 

5 the following detailed description of the invention. It is to be understood that this 

hwention is not limited to the specific devices, methods, conditions or pararneters 

described herein, and that the terminology used herein is for the purpose of describing 

particular embodh:nents by way of exam.pie only and is not intended to be limiting of 

the claimed invention. Also, as used in the specification including the appended claims, 

10 the singular fom1s "a;' "an," and "the" include the plural, and reference to a particular 

numerical value includes at least that particular value, unless the context dearly dictates 

otherwise. Ranges may be expressed herein as from "about" or "approximately" one 

particular value and/or to "about" or "approximately" another particular value. When 

such .a range is expressed, another embodiment includes from the one particular value 

15 and/or to the other particular value. Similarly, when values are expressed as 

approxiniations, by use of the antecedent "about," ii will be understood that the 

particular value fonns another embodiment 

[00021] 'fhese and other aspects, foatures and advantages of the invention wm 

be understood with reference to the detailed description herein, and will be rea.li?...ed 

20 by means of the various elements and combinations particularly poiJ.1.ted out in the 

appended clafrns. It is to be understood that both the foregoing general description 

and the foUowing detailed description of the invention a.re exemplary and explanatory 

of preferred embodiments of the inventions, a:nd are not restrictive of the invention 

as claimed. Unless def:foed othen.vise, all technical and scientific terms used herein 

25 have the same meaning as commonly understood by one of ordinary skm in the 

art to which this invention belongs. Reference wm now be ma.de in detail to the 

presently preforred embodiments of the invention, examples of which are illustrated 

m the accompanying drawings. Throughout the following detailed description, the same 

reference numernls refer to the same elements in all figures. 

30 [00022] The present invention provides a novel biologkaHy im,ctive cmn_pmnKl 

of epinephrine. Epinephrine acts on nearly all body tissues. lts actions vary by tissue 

type and tissue expression of adrenergic receptors, For example, high ievds of 
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epinephrine cause smooth muscle relaxation in the ainvays but cause contraction of 

the smooth muscle that lines most arterioles. The present. subject matt.er relates to 

modifying the physkochemfoal properties of epinephrine in order to enhance its 

permeability through biological membranes (sublingual and buccal membranes. FIG. 1 

5 shows the generic chemical structure of a biologically inactive cornpmmd of this 

imrention, while Table l shows exemplary prod.rugs of epinephrine made by 

modifying the two hydroxyl (phenolic) groups in positions 3 and 4 on the benzene 

ring along with Log P values or a pharrnaceutlcally acceptable salt thereof Tue 

prndrugs of epinephrine preferably have a Log P value in the range of about 0. 5--6. 0. am:t 

overvievv'",, .Ph,,u-m,1eeuti;.~al Tedmo1og_y, 2014, 38(11} Log Pis the logarithmic value of the 

ratio oft\vo eoncentrafa:m.s of a compound in a mixture of two immiscibfo liquids such as 

TABLE 1 

R Log p R Log p 

R= CHCH2 -0,20 R.= CH2COCH3 -1.44 

R= CHCHCI-fa +0.84 R= CHiCOCL -0.21 

R= CHCIL.CL +0.05 R.= ClbCOI +l.10 

R= CHCH:zI +1.36 R= CH20CH3 -1.29 

R= CHCLCHiCL +0.78 R.= CHICH3 +1.82 

R= CHIClliI +4.0 R= CCLCLClfa +L36 

R= CHCH:;CfuCH:; +L85 R= CH2CHCHsCI.b +l.85 

.R= CfhCCfhCfhCH3 +2.55 R.= CH2CHCLCL +UJ6 

R= CfbCH2CH3 +0.8 R= CH2CHJl +4.09 

R= CH2CL -0,51 R= CH2CCLCLCL +2.97 

R= Cfbl +L12 R= CfhCIU +7.68 

R= CH2F -0,85 R.= CHCLCL +0.66 

R= CHI +8.13 R= CHII +4J:B 

R= CL +l.24 R.= CCII:;ClI3CIIClbCil:; +3.24 

R= I +2.55 R NHCCHsCH:..CHs +1.63 

R= F +0.72 R.= NHCHClliCfu +l.28 

R= CHCffaCHClliCH:; +2.54 R= NHCH2Cfu +0.93 

R= CHCLCHCLCL +2J)8 R= NHCH3 +0.40 
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R= CHFCHFF +0.80 

R= CH2CHCH2 +0.07 

R= CCLCLCHCLCL +4.18 
R_o:c CIICHU +11.29 

R= CCLCLCL +2.90 

R.= SCf.b 

R=SCH2CH3 

R.=SClICifaCH1 
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+1.92 

+2.45 

+2.80 

R= SCC1faCI-hC1fa +3,15 

R.= CH.2Cdis ··>2.52 

R= CoHs +3,10 

l00023J A pro-drug is a derivative of epinephrine selected for fast permeability through sub­

llngual and huccaI membranes ( ie a compound. that dissolves in the oraJ cavity) and 

fa.st hydrolysis (half-life tl!2rn.nge from 1-6 minutes) by plasma enzymes to fonn epinephrine 

when dellvered. These characteristics are physical properties of a compound that is useful 

5 to be formulated in a unit dosage form as a rapidly dissolving film. Now referring to 

FIG. 2~ derivatives of epinephrine are showtL Structure 2A represents di-ester 

derivatives of epinephrine where the R1 can be a short alky 1 chain of CH:;, CH2CH:;, 

CH2CH2CH:;, or CH2CH2CH2CH3 , CL or L A representative molecule of this group 

compounds is: 4-(l-hyd.roxy-2-(methylamino)ethyl)-1,2-phenyiene bis(3-methylbutanoate) 

10 having a CLogP: 2.0114. Structure 2.B represents derivatives of epinephrine where R2 

= Cl-h, CL or l. A representative molecule of this group of compounds is 4-( 1-

hydn.:ixy-2-(rnethyHamino) ethyl)-1,2-phenylene bis(3,3-dimethylbut.anoate) having a 

CLogP: 2.8094. Adding H~ CH3, Ci or I change the Log P of the prndrug and adds 

a non-toxic moiety to the molecule. TI1e rate of hydrolysis of each ester can increm,e 

15 or decrease depending on how the atom in position ru. influences the ester group 

l00024J Now referring to FIG. 3~ derivatives of epinephrine are showTI. 

Structure 3C represents a derivative of epinephrine where RJ = Cl or L A 

representative molecule of the group is: 4-(1-hydroxy-2-(methylamino)ethyl)-l,2-

phenylene bis(2,2-dichloroacetate) having a CLogP: 1A494" Stmcture JD represents a 

20 derivative of epinephrine where R.4 = Cl or L A representative molecule of the 

groups is: 4-( l-hydmxy-2-(methylamino )ethyl)-1,2-phenylene bis(2,2,2-trichlornacetae) 

having a CLogP: 2,8554" The molecule that shm.vs fast permeability through the 

Sl1bHngual and buccal membranes and fast hydrolysis by the enzyme is a physical 

property of a compound that is useful to be formulated in a unit dosage forrn as a 

25 rapidly dissolving film, 

[00025] Now referring to FIG, 4 derivatives of epinephrine are shown, Strncture 

4E represents a derivative of epinephrine where R1 = CH3, CL or I. A representative 

molecule is: 4-(1-hydroxy-2-(m.etlry lamino)ethyl)-1,2-pheny lene bis(2,3~ 

7 
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dimethylbutanoate) having a CLogP: 2.6294. Structure 4F represents a derivative of 

epinephrine where R✓• = CH1, CL or l. A representative molecule is: 4-(1-hydrnxy-2-

(methylamfrm )ethy 1)-1,2-phenyiene bis(2,2,3-trimethy lbutanoate) having a CLogP: 

3A274. The molecule that shows fast permeability through the sublingu.a.l and buccal 

5 membranes and fast hydrolysis by the enzyme is a physical property of a compound 

that is usefol to be fom1Ufated in a unit dosage form as a rapidly ;;Hssolving film. 

[00026] Now referring to FIG. 5~ derivatives of epinephrine are shov,rn. 

Structure G represents a derivative epinephrine where R1 = H, I, Cl, ClfaCH2CH3 & 

CH2CH2CH2CH:;, CH2CI, CH2I or CH2F. Representative molecules are: 5G 4- ( 1-

10 hydrnxy-2-(methyiamino) ethyl) 1,2-phenyfone dicarboniodidate having a Clog: l.084;. 

5G' 4-(1-hydrnxy-2-(methylamino-ethyl}l,2-phenylene bis (2-iodoacetate) having a 

CLogP: 0.3834 and Structure SG•• 4-(l-hydmxy-2-methykunino)ethyl)-1,2-phenylene 

dihutyrate) having a CLogP: 1.2134. 

[00027] Now referring to FIG. 6~ a derivative epinephrine is shown, Structure 

15 H6 represents a derivative of epinephrine where R2 = H, Clfa, CL or L A 

representative example is; 4-(1-hydmxy-2-(methylamino )ethyl)-1,2-phenylene (2E;"1!.E)­

bis(but-2-enoate) having a CLogP: 1.2054. Structure 16 represents a derivative of 

epinephrine where R3 = CL, I or CJ-h A representative exarnple is: 4-(1-hydrnxy-2-

(methylamino)ethyl)-1,2-phenylene bis(2-methylbutanoate) having a CLogP: UB14. 

20 [00028] Now referring to Fl.G. 7, the compounds of the invention as shznvn jn 

US patent 3,809,714 and US patent 3,825,583 hereby incorporated by reference. 

Representative molecules indude: 7 A 4-( 1-hydroxy-2-(methy lamino)etlly 1)-1,2-phenlyene 

diacetate having a DLogP: -0.9026. 7B 4-(l-hydrnxy-2(methylrunino)cthyl)-1.2-

phenylene his(2-methylproparmate) having a CLogP: 0.773300. 7C 4-(l-hydrnxy-2-

25 (methylamino )ethy 1)-1,2-phenlyene dipropfonate having a CLogP: 0.15 54. ID 4-(1-

hydroxy-2-(methylamino)ethyl)- l ,2-phenylene bis(2,2-dimethylpropanoate) having a 

CLogP: L5714. lfthese molecules show fast permeabiHty through the subHngua1 and 

buccal membranes and fast hydrolysis by the enzyme {half-life 1-6 minutes) a physical 

property of a compound that is l,seful to be formulated in a unit dosage form as a 

30 rapidly dfasolving film. 'l11e subject matter includes: uses of a pharmaceutical 

formulation in a patient in need of anaphylactic treatment, wherein the pharmaceutical 

fommlation is made of a compound selected from the group consisting of: 4-{l­

hydroxy-2-(methylamino)ethyl)-1,2-phenlyene di-acetate; 4-(1-hydroxy-

B 
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2(methylamino )ethyl)-1,2-phenylene bis(2-meH,_ylpropanoate ); 4-(1-hydrnxy-2-

(rnethylamino )ethyl)-1,2-phenlyene di propionate; 4-( 1-hydrnxy -2-(methy lamino)ethy 1 )-1,2-

phenykne his(2,2-dimethy lpropanoate), and a phar:maceuticaily acceptable carrier or a 

pharmaceutically acceptable exdpient. A phamiaceutk:al forn.mlatkm made of a 

5 compound selected from the group consisting of: 4-(1-hydroxy-2-(methylamJno)ethy1)-

1,2-phenlyene di-acetate; 4-(l-hydroxy-2(methylamino)ethyl)-1,2-pheny1ene bfa(2-

methy lprnpanoate); 4-(1-hydroxy-2-(methy !amino )efayl)-1,2-phenlyene d1propfonate; 4-( l­

hydroxy-2-(methylamino )ethyl)-1,2-phenylene bis(2,2-dimethylpropanoate ), and a 

phamrnceutkally acceptable carrier or a pharmaceutically acceptable excipient, wherein 

10 lhe compound is formulated in a unit dosage fnrm as a rapidly dissolving film_ 

15 

R 

St:rncture 7 A R= CH~ 

Stn:,ct;.rre 7B R= CHCH,C1L 

Structure 7D R.7 ° CCI-hCI-hCrh 

TABLE 2 

Log P 

-0.97 

+0.i)9 

+0,79 

+L49 

[00029] The present invention farther provides a pharmaceutical composition made 

of at 1ea:,t one compound or mixture of compounds of the invemkm in a pharmaceuticaHy 

20 acceptable carrier thereof TI1e invention features a pharmaceutical composition in unit 

dosage form formulated for sublinguai en- buccal administration" The delivery systems 

include: fast dissolving films, oral dissolving tablets, inhalation, and nasal delivery. In 

one embodiment, the unit dosage fom1 of the present invention is a fiim for the delivery 

of epinephrine hydrochloride, as an anaphylactic treatrnent in a patient, such as for a 

25 pediatric or geriatric patient A typical rapidly djssolving film JS made of a drug, a 

water-soluble polymer, a plasticizer, a saHva stimulating agent, a surfactant and other 

fillers such as sweetening agents and flavors in case of bitter taste drugs, See e.g, A. 

1\rya, A, Chandra, V. Sharma, and K. Pathak, "Fast dissolving oral films: An innovative 

drug deiivery system and dosage form," Int_ J ChemTech Res., voL 2, no. 1, pp. 576---

30 583, 2010,D, P. Lettre, "Formulation and Evaiuation nf Rapidly Disintegrating Film nf 

Levocetrizine Hydrochloride," Pharmacia, vol. 2, no. 2, pp" 208~220, 2010. 

[00030] For the present invention, the drug is epinephrine, a prodrug of 

epinephdne or a salt thereof. The typical dose of epinepb.rine fi.1r anaphylactic treatment 

9 
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is 0.3 to 0.5 mg in adults and 0.01 mg/kg up to a maximum of 03 mg in children 

administered through intramm,cufar mute. In this study, 13mg/9 cm2 of epinephrine (5.9 

% w/w) are used as the dose size. This quantity is cakufated for 6-7-year-old chi1d 

according to Clark's rule Pediatric dose = Adult dose x (child's weight/150). 

[000031] A typical dose of 40 mg was based on a study in :rabbits that showed a 

dose bioequivalence between a 40mg epinephrine tablet adm.ini:;;tered subHngualiy and 

fU mg epinephdne adrninistered intramuscularly using Epi pen. Injectors, Rawas-Qalaji 

et aL Biophrum Drng Dispos. 27: 427A35 (2006). Furthermore, the time to reach 

maximum epinephrine concentration after a 0.3 mg EPIPEN (Mylan Specialty LP.) 

10 injectfon in chHdren is reported at 8+2 minutes. In another study, maximum plasma 

epinephrine concenirntion is reached within 34±14 minutes using (U)l mg/kg dose 

injection of epinephrine subcutaneously in the deltoid region, 

[00032] The polymer and the optimal runmmt of polymer are selected to obtain 

a non-sticky and functional film. A film-forming polymer should have good wetting 

15 property, high spread ability, good feeling in the mouth and should be safe and non­

irrit.ant. Many studies have showed that polymer content of at least 10 -15 % is 

needed in order to formu1ate proper film of proper thickness after drying in order to 

peel the fi.l.rn off from the release line. In one exemplary embodiment, the polymer is 

a water soluble modified hydroxyprnpyl starch that is specifically manufactured for 

20 aqueous film coating in immediate release solid oral dosage forms. 

f000331 A plasticizer is used to form the rapidly dissolving film. The plasticizer 

enhances the fiow of the polymer and improve the tensile strength and elongation of 

the filL Several plasticizers are commonly used in rapidly dissolving film preparation 

such as glycerol, di-hutylphthalate, and. polyethylene giyco1s and they are usually used 

25 up to 20 % concentration of dry polyrner weight. 

[00034] The fi.mction of the surfactant is to facilitate the solubilization or 

wetting of the film and subsequently causing the film to disintegrate quickly, 

releasing the drug to be absorbed th.rough the buccal cavity. Surfactants ca:., include 

Tween 80, which is a complex mixture of polyoxyethylene ethers used as emulsifiers 

30 or dispersing agents in phannaceuticais. 

[00035] A saliva stimulating agent used to facilitate the delivery of the drug 

using a rapidly dissolving .film to the patient. Other fillers, such as sweetening agents 

and flavors in case of bitter taste drngs and colors are added to the rapidly 

10 
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dissolving film to facilitate the delivery of the drug using a rapidly dissolving film to 

the patient Typically, acids ;;m.ch as citric acid, malic acid, lactic add and ascorbic 

add am used as chemical stimulants of saliva secretion. However, citric add is the 

most preferred among them. Xylitol and Tutti Fmtti flavor are used for taste masking. 

5 Xylitol is an eifoctive sweetening agent which has equal sweetness to sucrose. 

[00037] Examples :Four fbn:nulations are prepared in this example. Fpirwphrhe 

15 the n:rnxhnurn stabiHty rang;;:.~ fbr ;;:.~pinephrine. The percentages of the polymer are 

sho'\,;,11 in (Table 3). The polymer percent.ages are (20, 25, 27 and 30 %) of the tot.al 

forrrsulatio.rs weights. The polymer used in this example is LYCOAT (Ferromet,t 

20 

L YCOA T is a water soluble modified hydroxyp.rnpy 1 starch that is specifically 

manufact>..1red for aqueous film coating in in.1.mediate release solid oral dosage forms. 

[00038] 
Ingn1di!.mt 

(% w/w) 

Epin£phrine HCi 

Sodium Metabisu{f'ite 

lycoat 720 
(hydraKypropyi 
starch) 

(]lycerin 

Tween 8() 

Citric Acid 
}donahydrate 

Dmg 

Antioxidan; 

Film­
fi:,rming 
pnlymer 

Plasticizer 

S urfaci.lmt 

Huffer; 
increases 
abimrpfam 

5.9 

5.9 

20 

3 

2 

05 

11 

:Fl ,F3 f.'4 

5.9 5.9 5.9 

5.9 5.9 5,9 

25 27 30 

3 3 3 

2 2 2 

05 0.5 0.5 
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in oral 
cavi1y 

,5odium Citrate 
Ruffer (J " 05 0.5 {L5 

Afonobasic 

J{ylital Sweetener lO 10 10 10 

Tutti FruUi Flavor 6 6 6 6 

fVater 46.2 4L2 39.2 36.2 

l00039J Glycerin is used as a plasticizer to provide the proper elasticity for the 

fi1m {Table l ). A plasticizer imparts a certain level of flexibiHt:y to the film by 

decreasing its brittleness. Films in this example are prepared using 3% glycerol whkh 

5 is equivalent to 10-15 % of the amount of polymer used. 

[00040] 1\-veen 80 is used as a surfactant (fable 2). Citric acid is used to 

adjust the pH and can be used in rapidly dissolving film as a saliva simulating agent 

to increase the secretion rate of saliva which will further improve the disintegration 

time of the film. Finally, the addition of an antioxidant is very important for the 

10 stability of epinephrine. Prompt oxidation of epinephrine in aqueous solutions results 

15 

in a colored :inactive product which has been :reported. TI1erefore, different types of 

antioxidants are used in the commercial injectors such as sodium metabisulfite, EDTA 

and ascorbic acid achieving shelf lifo of two years, 1n this exemplary embodiment, the 

addition of sodfom metabisuffae stahifrzes the mm. 

[00041] However, films formed by formulations 1, 2 and 3 are too sticky after 

drying rendering them unusable. Fo:r:mulaticm 4, having 30 % polymer content, formed 

a smooth, transparent, t1exib1e and uniform film and therefore it is selected for further 

testing. The difference in stickiness is dearly related to the variation of the polymer 

content This comes in agreement with a previous study that showed that using 225}~ 

20 of L YCOAT polymer formed a thin and flexible but stick--y film at that concentration 

concluding that a higher percentage of polymer is needed. 

[00042] Physical properties of the filn.i. prepared by formulation 4 are evaluated 

s-..,ch as elastic modulus, thickness, content uniformity and dissolution time. Assessing 

these parameters is essential to determine the e:l:Tidency and usability of the film by 

25 patients. Elastfo modulus is first studied as :it represents a clear rneasure of the 

12 
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stiffness level of the film. It is calculated as the ratio of the applied stress over 

strain on a specific section. 

[00043] Efastk."s modulus= (Force at corresponding strain/cross section area) xl/ 

( corresponding strain} 

[00044] Now referring to FIG. 8, the profile of the film is illustrated showing a 

smaH increase in the applied strain to the film causes a quick increase in stress 

reaching a value of 0.1 MPa at 20 % strain ieveL As the strain increases further 

above 20 %, the increase magnitude in stress decreases gradually until it reaches a 

semi-plateau at value 0. 16 MPa where % stress is 80 %. 1ne value of elastic 

10 modulus is determined at 1325 MPa which is an indication of very good flexibflity 

of the film (Table 3). 

15 

[00045] 

Test 

132:h0.2 M:Pa 

Tltlcknc&s 0.29:::0.0 l mm 

Conicm Uniformity 93% :t JO% 

[00046] The thickness of the film at different locations is measured at 0.29 mm 

with very small margin o:f variability which is an indication of the high uniformity of 

the fih:n (Table 4). A maximum thickness variation of 5 % is _permitted in the 

preparation of the rapidly dissolving mm. A uniform thickness across the mm as it 

directly correlates with the accuracy of the dose in the film" Dmg content in film is 

20 measured at 93 % ±10 indicating hlgh Ievei of consistency of epinephrine dose within 

the film (Table 2), as a limit of 85 -115 % of content uniformity is acceptable 

mx:ording to USP. 

[00047] Now referring to FIG. 9~ the dissolution profile of epinephrine from the 

film in tenns of rate and extent in simulated saliva is determined on six samples of 

25 the optimized film. More than 90 'Yo of epinephrine is released from the film within 

7 ,2 minutes. 

[00048] Taste and disintegration time of the optimized film are evaluated on 6 

volunteers (Table 3). The disintegration time is the time when the film starts to break 

13 
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or disintegrates. Volunteers reported 10 -30 seconds disintegration time (Table 3). This 

complies with the regulations set by United State Phannecopeia (USP) for 

disfr,teg:ration time of oral films (not exceeding 30 seconds). Eittemess of epinephrine 

is masked efl1ciently according to volunteer's comments (Table 5). Four volunteers 

5 sensed no bitterness of the film while the other two volunteers reported slight to very 

slight sensation of b1rtemess. Moreover, no tongue constriction is reported by any of 

the volunteers. This data presents dear proof of the efficiency of rapidly dissolving 

film in taste masking the bitterness of epinephrine and an indication of strong 

potential for using a rapidly dissolving film as a replacement therapy of epinephrine 

10 injectfons for chiid:ren. 

15 

[00049] Table 5: In vivo taste and dismtegrntion time evaluation of the 

optimized epinephrine FDF. 

Vohuste-,r Ritte 1"'13 e;s:r. T,rn.grm C,m.strictimi Dfafofogrnfom Time 

1 None None e.lQ seconds 

,., 
None None e-10 seconds ..:, 

3 Slight None e-20 seconds 

4 None None <iO seconds 

5 Very slight None -20 aecondn 

6 None None -30 aecondn 

[00050] Materials--Epfapherine hydrochloride, sodium metabisulfite, citric acid 

rmmohydrn.te and sodium citrate monobasic are purchased from Sigma Aldrich (St 

Louis, MO). Lycoat':ID RS720 is obtained from Roquerte (Lestrem, France). Gsycerin 

and tween 80 are purchased from Fisher Chemicals (P1W:,burg, PA). Xylitol is 

purchased from Gallipot (St Paul, MN). Tutti Fruttl is obtained from LmAnn Oils 

20 (Lansing, Ml) . .Film Preparation--Seveml rapidly dissolving films are prepared by a 

solvent casting technique to choose the optimum film formulation. The formulation 

compositions of the rapidly disso1ving fiJm are mentioned in Table 3. L YCOAT and 

Xylitol are dissolved in warm '-Vater. The solution is then placed in a sonkator for 
14 
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two hours and then the solution is left overnight to ensure the removal of all 

entrapped air bubbles, ()ther excipients and Epinephrine HC1 are added to the solution 

on the next day at room i.empernture. The mixture is then placed again in a sonkator 

for 40 minutes. The .mixture is then spread onto a checkered paper covered by plastic 

5 sheet using a stainless-steel bar applicator. The film is left to dry overnight and is 

cut into 9 mm2 small film strips. 

[00053] Physica; properties-The thickness and elastic modulus of the optimized 

film is evaluated using Dynamic Mechanical Analyzer (Q800 DMA, TA instruments, 

New Castle, DE). This is important to evaluate tensile properties of the films. Three 

10 strips of the optimized films are tested at 25 ''C accordjng to ASTM Intemationa] 

Test Method for Thin Plastic Sheeting (D 882-02). Each film is positioned between 

the grips of the instrnment. The preload force is set at 0.01 N and the final force at 

15N. The initial grip separation is set to 60 mm and cmsshead speed is set to 500 

rn:m/:min, The test is terminated when the film breaks, Elastic modulus is detem.dned 

15 as the slope of the straight-line part of the stress-strain curve and it is expressed in 

force per unit area (l'vlPa), 

[00054] Drug content uniformity: Specific areas are cul from six. different films 

and vveigh.ted to calculate the estimated amount of drug in each area. Films are then 

dissolved in l 00 .ml of citric add buffer. T11e media are stirred and then filtered 

20 us1ng 0.45 um filters (Millipore Corporation, Minipore, Vimodron, Italy) and 

epinephdne content is assessed using 1:JVmini-1240 1:JV-Vis Spectrophotometer 

(Shimadzu, Japan) at wavelength 280 nm. Epinephrine content is determined by 

calculating the percentage of the measured epinephrine to the estin1ated amount in 

each film, 

25 [00055] In vi!.ro dissolution test: For the dissoiution test, rapidly dissolving film 

are evaluated using USP dissolution apparatus II, paddle (Distek Evolution 6100, 

North Brunswick, NJ). Six strips are piaced in different l L vessels containing 500 

ml Simulated Saliva_ The temperature of the dissolution media is set to 37 C and 

rpm is set to 50 rpm. Samples are taken at different time points throughout the time 

30 of the experiment (15 mi.as), and the amount of epinephrine released in the media is 

determined by 1:JVmini-1240 1:JV-Vis Spectrnphotometer (Shimadzu, Japan) at 280 nm. 

[00056] Hurnan taste panel--To evaluate the palatability of optimized epinephrine 

mm, a taste evaluation study is performed on six healthy volunteers. The study is 

15 
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carried out in accordance with The Code of Ethics of the World Medical Association 

(Declaration of Helsinki), and all volunteers are irrlbrmed in advance of the related 

details and the go.al of the study and their consents are obtained. Volunteers are 

asked to place the film on the interior surface of their buccal cavity until the film is 

5 fully disintegrated. Volunteers then rinsed their mouths ,vith drinking wateL 

Volunteers have to report their findings of the presence of bitterness or not, any 

tongue restriction and how long it took for full disintegration of the film. 

[000571 Equivalent elements can be substituted fiJr the ones set forth above 

such that they perform in substantially the same manner in substantially the same 

10 way for achieving substantiaUy the same result. It is believed that the system and 

method of the present invention .and many of its attendant advantages wm be 

understood by the foregoing description. It is also believed that it will be apparent 

that various changes may be made in the form, construction and arrangement of 

the components thereof without departing from the scope and spirit of the invention 

15 or without sacrificing all of its material advantages, The form herein before described 

being merely exemplary and explanatory embodiment thereof It is the intention o:f 

the fi."llhnving claims to encompass and include such changes. 

20 

25 

30 
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The present invention relates to a pharmaceutical composition for the treatment of 

anaphylaxis formulated for rapid delivery" In one embodiment, the delivery vehicle is a 

rapidly dissolving :film. 111e films cont.am an epinephrine or a novel epineph.rine p:rn-dmg 

5 for the rapid treatment of anaphylaxis in a patient. This invention relates to 

phamiaceutical compositions made by modifying the physicochemical properties of 

epinephrine in order to enhance its permeability through biological membranes 

(suhHngual and buccal membranes). Several prodmgs of epinephrine are shown by 

modifying the two hydroxy 1 (phenoHc) groups in positions 3 and 4 on the benzene 

10 ring, by chemically reacting the two groups with several acid moieties to form an ester 

bond with different alk)'i chains. 1ne addition of an alkyl group will enhance the 

lipophiHdty of epfoephrine (increase log P) a...rid wiU consequently increase its 

permeability through the biological membranes (s.ublingual and buccal tissues in the oral 

cavity). 

15 
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CLI\IMS 

1 , A compound of a Formula: 

Attorney Docket Number 
24050,0001 PCT 

wherein R is selected from the group consisting of: .H, CHCH2, CHCHCH:,, CHCH2CL, 

5 CHCHzl, CHCLCH2CL, CHJCH:21, CHCH3CH.2CH3, CH2CCH3CFbCH3, CH2CH2CH:;, 

CH2CL, CFbI, CH::::F, CL, I, F, CHCIIJCHClhCH:,, CHCLCHCLCL, CHJCHH, 

CHFCHFF,CH2CHCH2,CCLCLCHCLCL, CHCIDI, CCLCLCL, crn, CfbCOCH3, 

CH2COCL CH2COl, CH2OCH:1, CHICH:1, CCLCLCH3, CH2CHCH:1CH3, CH2CHCLCL, 

CH2CffiI, CH2CCLCLCL, CH2CilI, CHCLCL, CHII, 

10 CCI-hCI-I:,CHCH:iClh,N1-ICCifaCH:;Clh, }..'TICHCifaCI-fa, NHCH2Clfa, NHCI-fa, SCI-fa, 

SCHzCH~, SCHCHJCH..,, SCCH3CH3CH:1, CH.2C6H5 and CnHs or a pharmaceutically 

acceptable salt thereof 

2:T.he compound of claim l, fornmlated as a pharrm1ceutical composition in a unit dosage 

t'tmn configured for suhHngua1 or buccal administraUon. 

15 3,The compound of claim 2, wherein the compound is formuiated in a unH dosage form as a 

rapidly disso!villg film, 

4.Use of the phannaceutica1 composition of claims 2 or 3 in a patient ill need of anaphylactic 

treatment, 

S,TI1e compound of claim l comprising: a compound as depicted ill a formula 2A and a 

20 pharmaceutically acceptable carrier or a pharmaceutically acceptable excipient, wherein R1 is 

selected for the group consisting of; CmCH3, CfuCH2CH:i, or CH2CH2CH2CH3, C'.L or I" 

17 
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Attorney Docket Number 
24050,0001 PCT 

6. TI1e compound of claim 1 comprising; a cmnponnd a:s depicted in a formula 2B and a 

phamrnceutkally acceptable carrier or a pharmaceutically acceptable excipient, wherein R.2 is 

selected for the group consisting of: CL or L 

7.'The compound of claim 1 comprising: a compound as depicted in a fommla 3C and a 

5 pharmaceutical1y acceptable carder or a pharmaceutically acceptable exdpient, vvherein R:, is 

selected for the group consisting of: CL and 1. 

8.The cmnpound of claim l comprising: a compound as depicted in a formula 3D and a 

pharmaceutically acceptable carrier or a pharmaceutically acceptable excipient, wherein R4 is 

selected for the group consisting of: Cl and 1. 

10 9.T11e compound of claim 1 comprising: a compound as depicted in a formula 4E and a 

pharmaceuUcaHy acceptabie carrier or a pharmaceutkafly acceptable excipient, wherein R1 is 

selected for the grnup consisting of: CI and I. 

10.The compound of claim 1 compdsing: a compound as depicted in a forn:sula 4F and a 

phamiaceutkaliy acceptable carrier or a pharmaceutically acceptable exdpient, wherein R.2 is 

15 selected for the group consisting of: CI and L 

11 C The compound of claim 1 comprising: a compound as depicted in a formula 5G and a 

pharmaceuticaHy acceptable carrier or a pharmaceutically acceptable excipient, wherein R1 is 

selected fur the group consisting of: H, I, CI, CihCf-I2Cfh CH2CH2CH2.CJ:fa, CH2CI, Cf:M 

andCibF. 

20 lL The compound of claim 1 comprising: a compound as depicted in 61-I and a 

phannaceuticaHy acceptable carrier or a pharmaceutically acceptable excipient, wherein Rz is 

selected for the group consisting of: H, CHJ. CI and I. 

13.'l11e compound of claim 1 comprising; a compound as depicted in a formula {s.I and a 

pharmaceutfoaUy acceptable carrier or a pharrnaceutkaUy acceptable excipient, wherein R.3 is 

25 selected for the group consisting of: CI. I and CI-13. 

14. A ·method to de Ever epinephrine or a prod.mg of epinephdne comprising: the steps of: 

providing epinephrine in a unit dosage form, formulated for sublingual or buccal 

adrninistrntion, wherein the unit dosage fo1111 is a rapidly dissolving fihn, to a patient in need 

of treatment thereof. 

18 
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Attorney Docket Number 
24050,0001 PCT 

15.111e method o:f daim 14 wherein the prodrugs of epinephrine has a Log P value in the 

16" The method of daim 14 wherein the prodrugs of epinephrine has a Log P value in the 

range of about 1.0--5.0. 

5 17. The method of daim 14 further comprfadng: providing said epinephrine or the prndmg of 

epinephrine in a unit dosage form to a patient in need of anaphylactic treatment 

10 

18, The met.hod of daim 14 forth.er comprising: providing said prndrug of epinephrine in a tmit 

dosage form to a patient in need of anaphylactic treatment 

19. A compound ofa Formula: 

wherein R is selected from foe group consisting of: I-I, CI-fa, CH2Cih CHCI-faCI-fa and 

CCH:iCH3CH3, and wherein the compound is formulated in a unit dosage form as a 

subHngual or buccal administration. 

20. The compound of claim 19, wherein the compound is selected from tbe group consisting 

15 of: 4-(1-hydrnxy-2-(rnethylamirm)ethyl)-1,2-phenlyene di-acetate; 4-(l-hydrnxy-

2{methyfamino)ethyl)-1,2-phenylene bls(2-methylpropanoate); 4-(l-hydroxy-2-

( methylamino )ethyl)-1,2-phenlyene dipropkmate; 4-(1-hydmxy-2-{methylamino)ethyl)-1,2-

phenyfone his(2,2-dimethy]pmpanoate), .and a phannacemicaHy accept..ahle carrier or a 

pharmaceutically acceptable exeipiem, wherein the compound is formulated in a unlt dosage 

20 form as a rapidly dissolving film. 

21 "Tt.i.e compound of claim 19, wherein the compound is formulated in a unit dosage forn:1 as 

a rapidly dissolving fihn. 

19 
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Attorney Docket Number 
24050"0001 PCT 

22. Use of the pharmaceutical formulation of daim 21 in a patient in need of anaphylactk 

treatment. 

20 
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