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Explanatery notes

The following symbols have been used throughout the reports
A comma (,) is usrd to distinouish thousanda and millions,

A =laeh (/) indirates a field-season covering part of two consecutive
years, e.me, 19°4/75,

lse of 2 hyrhen (1) between years, e.g., 1974-1976, simmifies the full
nerind involved, including the beginning and end years,

References to "dollars" indicate United States dollars, unleas otherwine
stated,

The £ollowing exchange rates are naed in the converaion nf conuntry
enreencios to linjted Statem dollaras

Exchanoe rate per U

Country Currency dollar in 19/5
Burma Kyat (k) 10.53
Acron.ms

AISD  Army Medical Stores Nepartment
BPT Burma Pharmaceutical Industry
CMSD Central Medical Stores Depot
CRO  Central Remearch Organization
T™I0 Traie Corporation 10

The desipnations employed and the prasentation of the material i{n this
document do not imply the exprezsion of any opinion whatever on the part
of the Sceretariat of the United Nations concerning the lepgal status of any
country or territory of of its authorities, or concerning the delimintation

of itm frontiers,
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INTRODICTION

[nsulin and its production

Inaulin is a hormone which principally regulates the metabolism of ~arbn-

hrdrates and fats in vertebrates, 1Its deficiency nauges diabetes mellitus.

Insulin originates in the pancreas, secretes the hormone in the blood, and i
severe cases is the only surcessful treatment, Adeinistersd by daily ivestions,

it c~annot cure diabetics, but it will maintain their well-beine,

Tnsnlin can be svnthesized, but the pracess is verv costly, On an indu;-=

trial srale it is prepared exclusively from zlaughter-house animala.

Progect background

The Central Research Organization (CRO) at Rancoon has hean =ranted nrore
migsion by the Government nf Burma for remearch durine the periad 19/7-19 2
into insulin production from domestic beef pancreas (CRO proiect nusber /11 O,
dated 1 April 1972), A total of K 212,000 will be spent on this praject, The
reagons for the undertaking are difficulties of transport and starame {insnlin
injenrtinons must he kept at temperatures between ;‘Oa.nd ‘.0(‘) ar «wcll as tte incle-
quate volume of imports. Due to CRO having had difficulties witi: inaniin
preparation, a request was made in early 19 ! ror a UNIDO teshnical adviser
on insulin extrartion to assist CRO in its lahoratorv-scale avirgebion and n
in~reasing the rapacity of produrtion, CRO is partiall: equipped for inaulin
nroluction and employvs a ~hemist exnerienced in exrorimental oxhraction “re

heef pancreas,

Official arrangements

The project "Techniral Adviser for Insa'in Extrastion® (1S/BUR/14/00°) was
authorized by the lhited Nations Developrent Progra~me (IMDP) in March 191
and arrangement made for a contribution of */7 M0, The job description of
the ecxpert is attached as annex T. The startinem date of the nroject was
17 tarch 1976 and the rompletion date 16 iiay 19 =3 the stay of the expert in

Ranmoon la.ted from 22 March to 10 Aav {anney (1),

Pro ject objectives

The objective of the project was to prepare the way for obtaining insnlin

injections from domestic sources. The irpart of inanlin into Barma bein- lonn




than ite requirements, Lhe success of the project will partially eliminate this

rratlers The canacity of dovesties production will probably not be high enouch
to have a posi ive firan-ial ~f%e~t, The sigmificance of the project lirs in
+1ir marial gectare of helping thosge patients who cticrwise ~ould not survive
A wbaer 1ives would be shart ened for lack of rermilar insulin supplr.  Sinee
in 2'] hnman encicties there cxists a certain percentate of diahetics, cvery
crat e mende inenline  Par Aurra it would he usefnl 1o benome independent of

imnarration of this product,

Fasi~ requirements

The first and foremast neaessit; for the snoresaful production of insulin
inj~ctims frow domeatic sonrnes is to have an estahlished method for bionlormical
as~1- o the insnlin produced, Then it is necessar: to Sind an appropriate
/m' ernrise which will be ahle tn prodnee insulin injections.  Only aftoer the
c0'nt in; of these nroblems is it posrible to consider the production of crys-
+a1147r ingulin fror the pancreas of slanchter-honar animals on an indust rial
cr somicindnat »ial ceale, The first step is to devel:ip a method for obtaining

ipenlin on a laboratory scale,

Tn he able to produce orrstalline inmnlin,the rost important factor is to
rave a #ood raw material (namelr, the fresh pancreas of slaughter-honse animals)
as w11 ag the space and equipment indispensable £ r this type of production,
The aperialict directly roneerned with prodnntion shonld have enongh axperience
in ti.is partirular field, For this proyect¥s ohjective it was important also

to learn the total quantity of insulin reanired for gnrma,

The Contral Research Organization, Rangoon

CRO, which had its crigin in the Staie Industrial Research Institute
established in 1948, reached ite presenti level in staff and budget some fifteen
sears aro, The technical staff numbers approximately 200, Aboui one-third are
anience graduates. Many hold post-graduate degrees from universities abroad,
CRO is a multidisciplinary research institute with fourteen departments. Its
laboratories are housed in twenty buildings on a 36-acre site in a suburb of
Ranroon, Thev are fairly well equipped for most work of an applied seientific
nature, CRO, under the supervision and control of the Ministry of Thdustry,
operates through a Chairman assisted by an Advisory Board of CRO Remearch

Direntors as well as scientists and technologists from other institutes.
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The production of insulin falls under the CRO's Pharmaceulical Department.,
This has five fe~tions momstly ~oncerned with the igsolation of materials freo
their natural sonreea, The heas! of the Department has a dortor?s degree in
organic chemist.rv, and is Depnty Director of CRO. Seventern individuals are
employed in the Department, Five are specialists (four chemists and one

botanist); seven, techniciansg and five, lanoratory attendant:,

Work programme

To study the work protacols an CRO experinents to obtuin fryatalline insnlin
from beef pancreas

To learn about present CRO equinment and potentialitiea for insulin production

To process one or two batches of arystalline insulin from beef pancreas
on the sare scale as performed hitherto ai CRO

To make proposals during the procerssing for improvement nf the preparation
method and on how to obtain crystalline insulin of greater purity and higher
yield

To viait the Rangoon and Mandalay slamwghter-houses to find out the number
nf animals slaupghtered and the possibilities for collention o° fresh beef
pancreas for inaulin production

To discover the facilities: for the cleanings, rapid freezin=, and transe
portation of frozen pancreas from the alaughter-houses to CRO

To visit Rangoon ant Mandalay hoapitals to asrertain the numbyer of people
suffering from diabetes mellitus in Burma and the percentage of diabetics
needing insulin

To find out the quantity and cost of imported inaulin injections in Burma

To discover an institution able and willing to develop methods for the
biolosical assay of insulin

To discover an establishment able and willing to produce insulin injections
from orystalline insulin

To make a 1ist of equipment required for insulin production on a pilot-
plant or smaller industrial scale at CRO

To propose the equipment for UNIDO investment in this project




SUMMARY

In Burma a possibility exists of producing insulin injections from domestiec
braf pancreas., Twire the quantity of insulin presentlv imported could be
prodn~ed and thias would meet the needs of two-thirds of the patients who lack

thiz medirament, 'ome foreign eaxchange outlay would therehyv be saved.

Arrange=ents have been made with local establishments for the biological
assay of insilin, and for the production of plain and protamine zinc insulin

injertions,

The prepara‘ion of insulin injections from imported crystalline insulin
is proposed until domeatic crystalline insulin becomes availablet thereby

less Toreimm exchange will be expended than on the import of insulin injections,

An agreement has been reached with Rangoon and Mandalay slaughter-houses
for the delivery of pancreas from all slaughtered cattle to the Central Research

Organization ("RO) at Rangoon.

During the nrocessing at CRO of two batches of insulin on a laboratory
scale, suggestions were made and advice given for an improvement of the
insulin production method. Crystals were obtained in one of the earlier experi-
mental batches., Although many data indicate that it is insulin, this cannot

be unambiguously proved without a biological test.

Procurement of equipment for increased production of insulin at CRO has
been proposed to the Deputy Director. Although some equipment would be procured
by CRO from its own funds, the majority would need to be financed. Effectuation
would proceed in two stages, the first already authorized by UNIDO, the second

atill requiring authorization.

A competent chemist is directly engaged in insulin production, but training
in a reputable insulin factory abroad would be necessary because of the special

nature of the work.

A technical adviser on insulin should revisit Burma after a certain time

to furnish fresh advice and recommendations,




I. PROJECT INVESTIGATION

A. CRO extraction activity

CRO laboratory-acale experimente for the production of insulin from bheef
pancrras were started at CRO in 1972, Batche. of ? to § kg of poncrea~ wore
processed from time to time, Until now 13 batchea had heen processed, 9 hv
the Koran~ method and 4 by the Jorpes method, L/

Insulin is extracted from pancreas with acidic ethanol according to both
methods, In the Romane method, the alrohol is removed by vacuum distillation
and crude insulin is obtained from the remaining aqueous extract by saturation
with sodium chloride. 1In the Jorpes method, insulin from the alcohnlic rxtrant
is ahsorbed on alginic acid, then eluted, and from this eluate crude insulin is
obtained in ac~ordance with the Romans method, Further steps include the pur-
i“ication of crude insulin and, including ~rystallization, are generally the

same in hoth methods.

At CRO there are no facilities for vacuum distillation as required by the
Romans method, in which the temperature of the distillate should not exceed o
The temperature of tap water for cocling at CRO is ahout °8°C. CRO has no
cooling media for lower temperatures, but it produces alginic acid and has

enoush for insulin production purposes,

The Jorpes method save better results. 1In one bhatch the norratals obtained
could be clearly ohserved under the microscope (masnirfication=140 times) and
had an identical melting point as insulin, The rirld war 60 myg, i.0., about
1,400 International Units (T.U.) per kg of pancreas, assuming that the activity
wasd 2/ I.U., per mg of insulin. IInfortunately, the only test that will prove
the activity of insulin is the biologiral assay, without which it is impossible
to claim whether the crystals obtained are insulin or not. There is, however,
no established method in Burma for the biological assay of insulin. Nn one
has as yet been concerned with this problem, It has therefore been arranged
to carry out the biological assay of the crystal sample assumed to be insulin

at the pharmaceutical factory PLIVA, Zagreb, Yugoslavia.

1/ R. G. Romans, D. A. Scott and A. M. Fisher, Ind. Fng. Chem. 312 (1940)
908,910, E. Jorpes, V. Mutt and S. Rastgeldi, Acta Chem. Scari. 14 (1960),
177 - 1780, Other procedures, including patented methods, are mostly modifi-
rations of these two methods.
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B. CRO equipment egg pergonnel

AL CRO, insulin isolation is carried out in a standard laboratory equinped
for rontine ~xtraction from plant sources and for organic avnthesis. There are
no air-conditioners. During the preoject the average temperature of the laloratory
was 3 7. There is a good vacuum pump for ordinary distillations and filirations

as ell as a small-size, hand=driven mea! grinder for pancreas.

. 0 . . .

A re‘ricerator at atout 100, capacity %0 litres and with a small freezing

compartment, is situated in a nei-hbouring laboratory. 1In another neicshbourin:
. 0 . . .

laboratory is a freezer at ~12°C, caparity abont 500 litres, but it is not

available *o the Pharmaceutical Department.,

The laborator: has a filtration centrifure (basket centrifuse), 300 mm
diamet~r, stainless steel, speed 5,000 rpm. 1t cannot, however, be used for
ingntin nroduction berause metals, egpecially iron in an acid medium, inhibit
insulin artivit:.

A pH meter is essential to the production of insulin because at all stages
pH must be ancurately determined, The pH meter in the laboratoyy has been
irreparably damamed, During the project a pH meter was borrowed from another

tapartrment for a few days.

Experiments on insulin extraction are conducted, with the help of one
lahorat ory attendant, by a chemist with 16 vears? experience in the isolation

n{ material from plant sources,

'C. Txperimentation

The complete procedure for obtaining crystalline inasulin from two batchea
of benf pancreas was performed according to the Jorpes method., During the process
advire was given Lo the chemist direectly involved in the work. Twenty reprints
and aboul a hundred abstracts (including patents) on the preparation of insulin

‘vom beef pancreas, were put at her disposal.

Tn the frequent discussions with @RO members engamed on the project every

attermpt wae made to give a8 much information as possible.
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D. Discussions with experts

For the success of the project it was necessary also to discuss various
problems with experts from the following establishmentst:

Rangoon General Hospital

Mandalay General Hosmspital

Health Statistics Department

Central Medical Stores Depot (CMSD)

Department of Medical Research

Rangoon Municipal Corporation

Slaughter-houses in Rangoon and Mandalay

Burma Pharmaceutical Industry, Rangoon (:BPI)

A list of participants and the dates of meetings are given in annex IV.

Subsequently correspondence was exchanged to confirm the arrangements reached.

Diabetes mellitus incidence and insulin requirements

From these discussions it transpired that the percentage of Burmese suffering
from diabetes mellitus ie about the same as in Western countries, namely, 1 to
% of the total population. As the population of Burma is about 30 million,
this means that the average number of diabetics is about 450,000, 807 of whom

are subjeot to a variant called tropical type diabetes.

The percentage of diabetics entirely dependent on insulin cannot be deter-
mined because no records are kept by the Department of Health. According to
specialiets from Rangoon General Hospital and Mandalay General Hospital, about
three times as much insulin is required as is presently imported. They believe
that it is enough to have only two types of insulin injections, i.e., plain
and protamine einc insulin., They regard work with insulin injections of other

types, such as Lente, as unnecessary for their purposes.

Ineulin importe into Burma

The following table wae obtained regarding importe of insulin. Between
1965 and 1975 the average annual import of plain and protamine einc insulin
wae 63,100 ml, 40 I.U. per ml ampulee of 10 ml. That ie 2,524,000 I.U. or
105.2 g of insulin (24 I.U. per mg) per ysar. The average prioe wae K 3.16
per ampule, which repreeente an anmial outlay of about K 20,000 in foreign
exchange. The imported insulin ie etored at 4°C at the Central Medical Stores
Depot (CMSD).
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nolo‘;ogl assyy of insulin

In the Department of Medical Researoh and at BPI there exist recal prospects
for the biological assay of insulin. Enough experimental animals, such as
rabbits or mice, are maintained under suitable conditions (air-conditioned
animal houses). Specialists from these establishments can successfully perform
these assays and are interested in introducing this method. They were provided
with some litsrature on the subjeot, two reprints regarding the varioue methods
of biological assay as well as one on the biologioal standardigation of insulin
recogniged by the United States Pharmacopoeia XVI and another used by PLIV..

Prepargtion of insulin injections

At BPI there is a reasonable prospect for the preparation of insulin in-
jections from crystalline insulin. The Injection Department has equipment for
sterile filtration (Ssits filters), essential for the preparation of suech in-
jections, The staff, experienced in the prouuction of sera and vaccine
injections, have shown interest in the production of insulin injections.
Methode for the preparation of plain and protamine zinc insulin injections

were passed to BPI.

At the meeting with BPI representatives at CRO and according to a ~om~uni-
cation from the Deputy Director of CRO to BPI, it was suggested that, hefor-
CRO can produce insulin on a larger scale, BPI should produce insulin inje~tionz
from imported materials, i.e,, crystalline insulin and protamine. In this wa:
the quality of the injections will be irproved because it avoida the lon~ tranz-
port by sea at high temperatures. Insulin injections should be kept at 27 4o ‘;Or‘,
because above this level soluble insulin is quickly destroved. frystalline
insulin in the form of powder is more stable and can sustain temperatures ur
to 50°C. Moreover, since the price of imported nrvatailine i1nsuiin frr 'p
quantity of injections will most likely prove to be lower than the price o* tur
imported finished products (injections), foreign exchanse will he zaved. Tnr
import of crystalline insulin stands a fair chance of realization beranee RET

has foreign exchange at its disposal.

The organio chemist engaged at CRO in insulin produotion was given instruc-
tion, verbal and written, in the preparation of protamine (a basic elcment of
protamine sinc insulin) from the spawn of mullet (MI_ cemslus). No exprri-
ments were performed because no raw material was available,
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B. te fo line

It would seem more appropriate that initially the production of insulin
from slaughter-house animals should be carried out at a pharmaceutical centre,
For Burma it may, however, due to the absenoe of finanoial profit as well as the
specific, time-consuming, and sensitive nature of the process, be better to
produce insulin on a smaller industrial scale at CRO. The experts at CRO and
BPI are of similar opinion. Experiments performed at BPI three years ago to
obtain crystalline insulin from pig pancreas did not succeed and the idea of
producing crystalline insulin on their own was abandoned,

It is advisable, because of the character of this work, for the biological
standardisation and preparation of insulin injections not to be carried out by
the same establishment as produces insulin, This view came to be accepted by

members of CRO during the course of the project,

P. Slaughter-house conditions

Insulin, as a medicament, should be prepared from only one kind of slaughter-
house animal because the insulin frem cattle, pigs, sheep, horses, and others
differs in amino acidstypes. The difference is most pronounced between the
insulins from cattle and pigs: they differ in as many as five amino acids.
Today it is well known that cattle insulin is the most akin to human insulin,
That is why in the treatment of diabetics with insulin prepared from beef pan-
nreas there occur fewer cases of side-effects such as allergy and shock than
in treatment with pig insulin, The kighest frequency of side-effects has been
observed in treatment with insulin prepared from the pancreas of assorted animaics
like beef and pigs. Work with pig pancreas is more difficult than with beef
ran-rras because there is always more fat. Beef pancreas is, therefore, chosen

as the brst raw material for crystalline insulin production.

Slaughter—houses and pancreas

Slaughter-houses play the most critical part in this project. The primary
condition for good production of insulin is to have the rew material as fresh
and clean as possible, It is necessary o ensure a sufficient gquantity of
pancreas from the slaughter-house or slaughter-houses. It must be neatly

cleansed of fats, connective tissues and lymph nodes. After the cleaing, it




must be deep—frozen as early as posaible and at the latest two hours after the
slanghter, The beat thing is to put it at -20°C in a deap freezer. lonrer
storape al roor temperature will initiate the proness of autolysis by the
enz/me8  trypein and chymot rypsin which are also present in the pancreas,

Therefore, the amount of insulin in the pancreas will rapidly decrease,

Wrom 1,000 to 3,000 T.11, of insulin are obtained from ever,y kg of heof
pancreas, depending upon the age o the animal., More insulin is ohtained from
voung cattle. Prom anirals older than nine vears only about 1,000 T.'", per kg
of pancreas can be obtained, In Burma, the slaughter of cattle younsmer tian 11
vears i8 forbidden. Consequently the quantity of insulin in the pancreas of

these animals wil)l not exceed 1,000 I,!, per ke

The officials of the Ranmoon and Mandalay slaughter-houses are quite willing
to collect for TRO pancreas for insulin extraction. The problem is the freezing
hecause the slaughter-houses have no rooling facilities at all, at CRO t'ore ig
no deep-freezing facility readily available, and no possibility exists for
tranaporting frozen pancreas from the slaughter-houses to CRO. In Rangoon the
trip takes half an hour; from Mandalay it will take three to four days if sent

down the Trrawadd:..

Domestic pancreas supplies

According to the information given by the Veterinary Officers of the
Rangoon Municipal Corporation and from the Rangoon Slaughter-house, 25,000 to
30,000 cattle are slaughtered annually in Rangoon, Taking an average of 6
pancreases to 1 kg, the collection of 4,200 to 5,000 kg of beef pancreas means
an average annual total of 4,600 kg. At K 1.8/ per kg, this gives a yearly
outlay of ahaut K 8,450. If no more than 1,000 I.U. of crystalline insulin
are obtained from 1 kg because of the animals' age, then 4,600,000 I.U, of
insulin will be extracted annually. At 24 I.U, to | mg of cryatalline insulin,
192 g could be produced per year from the whole supply of pancreas from Rangoon

slaughter-houses,

According to data received from the Veterinary Offioer of Mandalay Slaughter-
house, some 6,800 cattle per year are slaughtered there, This is about 5%
of the figure for Rangoon and amounts to some 1,150 kg pancreas annually. At

K2 per kg at Mandalay, much the same price as at Rangoon, the cost would be
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atoat ¥ 7,300 per vear, Calculated on the same basis as for Rangoon, the total
nan-~reas supnly from Mandalay Slaughter-house annually could produce 1,150,000

T.7. or 'R g of crystalline insulin.

Tn short, the total quantity of beef pancreas supplied by Ranenon and
“andala slanchter-houses (4,600,000 + 1,150,000 = %,/50,000 I.U,) conld produse

MO =0t T, per me) of crystalline insulin per vear,

Yore i~ productiion prospects

"ompared to the annual import of inaulin into Burma, i.e. 2,540,000 I.lU.,
thic would be 2,76 times, or if only the Rangoon Slaughter-house is taken into

ronsideration 1,81 times, rore insulin,

“onsequent 1, there exists a possibility for producing from domestic raw
~aterial twice the quantity of insulin now importrd and reduring the preasent
defi~ien~v whirh Ranpoon Grneral Hospital experts estimate to be three times

below requirement.
G. CRO production plant capacity

With 5, 50 kg of pancreas from the Rangoon and Mandalay slaughter-~houses
at its disposal, CRO would process (on the assumption of 300 working days per
vear) some 15-70 k= daily. For that capacity a plant of smaller dimension,
perhaps a birrer pilot plant to take produrtion to the point at which crude
insulin is obtained by saturation of the pancreas with sodium chloride, can
be taken into rconsideration. Purther steps, which include purification and

crsstallization, would be performed on e larger laboratory scale.

All raw materials needed for the production of crystalline insulin, exoept
for a emall quantity of Dowex~50 resin, are on hand., Most of them, like ethanol

and alginic acid, can be recovered and used over and over again.

After thorough discussions with the Deputy Director, CRO, & list of the
equipment and space necessary at CRO for such production was put into writing
(annex ¥). CRO will procure from its own funds a part of these requirements,
i.e., an air-conditioned production site, a cold room at 2% to 4°C including
cooling machinery, two stirrers for about 100 litres of pancreatic extract
each, a meat grinder, and several polyethylene tanks for panoreatic extracts.
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[I. CONCLUSIONS AND RECOMMENDATIONS

A. Domestic production of crystalline insulin

Domestic production of crystalline 1neulin will include the entire amount
of pancreas to be ocuvtained from the Rangoon and Mandalay slaughter-houses.
The need 18 for thorough experience, more equipment, and better working con-
ditions (annex V). The procedure for obtaining insulin, a lengthy process
which requires careful, precise work, will in the near future be performed on
a laboratory-scale and be expanded later to a smaller-scale plant. Increased
production will gradually replace imports of crystalline insulin until these
are wholly eliminated. Fventually production will amount to twice the quantity
that is at present imported. Financial assistance will be necessary for the

ma jority of equipment required.

Although some i1ndirect gain will emerge from a reduction in foreign-exchange
outlay, the project's sguccess will not be of a profit-making nature. For this
reason it is important that the largely government-sponsored CRO, rather than
RPI, should undertake production. 'The social aspect is that not only diabetics
who otherwise cannot survive for lack of insulin will be helped, but that domes-
tic production will in time allow double the number of patients as at present
to be treated.

The short- and long-term recommendations which follow here should be
implemented concurrently.

B. Short-term recommendations

Biological assay of insulin

A method for biological assay of i1nsulin should be established at CRO
Department of Medical Research and at BPI.

BP] procurement of crystalline insulin

A minimum quantity of 100 g (24 1.U. per mg) of crystalline insulin should
be imported annually by BPI for the manufacture of insulin injections. The
same amount is presently imported into Burma. If possible, a larger quantity
should be procured. This would in any case save foreign exchange because
crystalline insulin would be less expensive than ready-made insulin injections.




‘nsullin 1njcctions

APl should galn experience 1n the production of insulin injections so as

to meet a national need.

<. Long-term recommendations

Fquipment
Procurement of equipment falls i1nto three categories:
{(a) Purchase with existing UNIDO authorization;

{b) Purchase with outside assistance because of CR”™ 1nability to pro-
ure such equipment from i1ts own resour-~es;
4 \

{~Y "urchase tv 'R ‘annex VI!'.

eep freezers and 1solation boxes. ‘wo deep freezers and two 1solation

voxes should be purchased at the same cost ($1,000) but 1n substitution for
the rubberized ~entrifugai basket-head authorized by UNIDO and 1ncluded 1n
the project buiget {annex [17), "echnical data and -ost are given in annex VIII,

SNIDY Hequisition for Equipment Form No. 1 has been completed.

Meter and centrifuges. Additional financial assistance will be necesaary

for the purchase of one pH meter, three types of centrifuges, one deep freezer
and six 1solation boxes. The total r~ost will be $17,98), Technical data and
cost are given in annex IX. INIDC Requisition for Fquipment Form No. 2 has

been completed.

Staff

Increases. For the efficient working of larger-ascale insulin production
one more chemist or chemical engineer, three technicians, and six to eight
laboratory personnel will be needed in addition to the chemiat and laboratory

attendant at present employed.

Training. Insulin production is so specific and sensitive that it will be
very usuallyfor a CRO chemist to undergo training outside Burma for a period mot
exceeding six months., This will enable the trainee to become familiar with all
operations involved and to pass this knowledge to colleagues who will be working

on insulin injections and biological assay. The approximate cost will be $6,000.
The chemist engaged in insulin extraction at CRO has some working experience and

16 years' experience in the isolation of material form natural sources.
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The value to the trainee ¢f work in a factory with long experience of
insulin production will be the acquaintance with all sources of trouble arising
during the production process. !'uch factories exist in many countries. The
PLIVA factory at Zagreb, Yugoslavia, which began like the CRC as a research
institute, has been producirg insulin for 35 years and might be a suitable site

for such trainee specialisation.

Study of the complete procedure for insulin production, with special
emphasis on crystallization and regeneration of mother-liquors during the
different stages of production, as well as study of protamine production from
mullet spawn would take about four months. For observation of plain and pro-
tamine zinc insulin injsctions some two weeks should bs allowed. The method

of biological assay as practised with rabbits should be studied for a month

and a half.
Future developments

It will be ueeful, after the equipment has been procured and the recom-
mendations have been implemented, for an expert to visit Burma to evaluate
the work done, discuss with CRO specialiste the new developments, and give
further instruction as well as recommendations on how work should be undertaken

in the conditions liksly to prevail in future.

3uch an expert should hold, if possible, a doctorate in biochemistry
and possees long practical experience in the field of insmulin production.
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Annex 11

PROJECT PLRSONNEL

UNIIO consul tant

Uleg Scedrov, technical adviser, 22 March - 10 May 1975,

Counterpart personnel

Dr. Mehm Thet San, Director General, CRO, organic chemist:
24 larch - 12 April 1975,

Dr. Maung Maung Gale, Deputy Director, CRO, organic chemist:
°4 Yarch - 10 May 1975.

Mrs, Tir Tin Chn, Research Officer, CRO, organic chemist:
24 March - 10 May 1975.

_
_
-
-
-
-
-
-
-
-
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Annex 111
BUDGET DATA

Froigct budget (according to project data sheet)

Components:

Expert in extraction
of insulin (ror 2 months)

iguipment not available 1n the
country: a rubberized centrilugal
basket-head for filtration of insulin
solutiuns to be attached to existing
centrifuge

Total

CRO Budgetg
19712-1974
Salaries
Chemicals and supplies
Total
1919=1975
Salarios

Chemicals, supplies, oquipment, and
building materials

Total
Total 1972-1978

§ 5,000

3 1IOOO

5 6,000

K 46,000

¥ 6,000
K 52,000

K 100,000

K 60,000

K 160,000
K 212,000




Annex 1V

CLAUTLINGS WITH SXPoiTS eROE OTHER LKOTABLTSHMUNTS

Rungoon General dospirtal, 11 Aprii 1y
Ll )% 2 Y a0

ire J@awy taungt Aye, nediend superintendant
Prots Re Su Pey aniteuinst

Dr. Zamw 'Inin Yee, 1nternis?

ure khin Mawy; ban, iaternns
Jre daung Ko, clinical patholog
bro U 4y, medical stores officer
(lticcuiveu the dissertation of ‘'han Yin Mar, The Clinical Profile

154

oi Diabetes Mellitus an fangoon General Hogpital, December 1974, 51 Pe)

ledelay General Hospital, o Apr:l 1974

bre U Ko Ky medical superinterdant
dre Tin Awny Sue, specizlis! for tropical diseases

Jual v Statistics lepartment, 4 April 1979

bre Daw Yin lya, ascistant Iircetor

Ceniral Medicul Stores Depot, 21 April 1Y/9

Ur. Baw Lw:in, Deputy Lirector of liealth

dangeon Olaughter—=house, 1 April and 19 April 1975

U.da, veterinary officer, Head, Slaughtcr-=housc

dandalay Slaughtcr—house, Y April 19(Y

U Thwin, veterinary ofticer, leau, Slaughter-house

Lepartment, of ledical Hescurct, 1. april 1774

Ir. iya Tu, Iirector General

Dr. Kywe Thein, Deputy Director

Dre £,J. 'I‘ha, pharm&colon.,?

Uiila PG' Head of u;uuu\,m;n,x.y I?v:.:,'-ar';h Division
U Chit Maung, scnior research officer, Pharmaceutical HReseurch
Division

CRO, 22 April 197Y with representatives of BPI:

U lila Thawig, Pharmaceutical Lirector

Dr. Ko Ko Gyi, bacteriologist

U Soe Mlaing, quality countirul chemist
U taung Maung Mya, biolosist

Digcussion, 4 April 1975 U isa lgwe, Veterinary Officer, langoun

dunicipal Corporation
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Anncx V

CRO EQUIPMENT AND SPACE REQUIRBEMENTS
FOR CRYSTALLINL INSULIN PhO)DUCTION

NDeep freerern

325 litres (11.5 gu ft), storage temperature ~22°C with ambient
temperature to 42 C, with wire baskeis. For 220 vV, 50 c/a,

180 W (1/4 hp), <ross 180 kg, shipping volume 1.4%cu/ n.K.rl Kolb 1974
Catalogue, No. 231=260

Karl Kolb

D=6079 Buchschlag-Frankfurt
P.OO Box 100

Federal Republic of Cermany
Price: 500

One item

350 litrsa, storage temperature - 18°C, with ambient temperature
up tc 42°C. For 220 V, 50 c/s, 1/5 hp, Over—all dimension
74 x 66 x 180 cm high Gallenkamp 18th Catalogue, No,RJ=190

Gallenkamp
Teohnical House
P.0, Box 290
Christopher Street
London &C2P 2ER

kngland

Price: $550

One item

225 litres (7.9 cu f's), storage temperature -22°C, with ambient
temperature up to 42°C, with wire baskets, For 220 V, 50 c/s.

130 W (1/6 np). Gross 100 kg, shipping volume 1.2 ou/m,
Karl Kolb 1974 Catalogue, Wo, 231-280

Price: 440
Two items
Total 3380




- 70 =

A1 A0y litren storage temperature -L’UOC, with ambleat toemper.tury
up to 4:0Ce bor I00 W, 50 c/'u 1/ hp
Over-all diancisions 3 x Y/ x % cm high
Gullenkamp ' th Catalcgue, lol.dJ=u0Y

Prices 500

wo items

Total 0OV

dox gpecially toolated with polystyrenc, so=callei: "weck=ond

refrigerator Jor car', avout 0 litres eapacity (Uor transpor:
of trocen pancreatic glands Crom slaughter=house to Clu)

Prices avout . 30

wight items

Total g0

Adefrigerated roomy sizet  DH0 1 2,00 & 1,00 1y ot VNI 1400,

isolated, including cool in;; machinery
Covling machinery avuilabls at CRO

Prices K 5,000

One item

Aroom (12 x 3 m) for production of ansulin I're:. pancrentic
clands, vith air=conditioning equipment avallable ot LEU

Me {ter,

Meat grinuer (u common butcher size), Cull length 400 to HOU mm,

with two knives and twe plates, and with cleetric motor
(°20 v, 50 ¢/s), including spure knives end plutes

Price: about 100
One item

Cylindrical or conical poulycthylene tankn (lor pancreatic citracts)
Karl Kolb 1974 Cataloguc

Cupacity . . Mit price Mumber ol Total cont
(litres) Catalogue ilo, (3) it ()
200 530=08 3 344490 2 109,00
110 580=052 29,00 0 V14,00
0% 530=062 11.70 3 35.10
0 580=061 10,60 4 42,40
40 530=060 340h 4 34,60
» 530=060 19,90 3 79.40
22 514,50
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starrer with 4 to 3C rpm, for 100=1itre mi ztures, with c¢lectric notor
(220 V, %0 ¢/u)
(" hag the cl.etrie rotop)

Prices K o4
Two 1tems

Total K 500

pli-meter Beckman Zeromatic SU=3, 9603 with spare electrodus. o
pii range 0 to 14 pli, relative uccuracy + 0,09 pH, temperature 0 C to
100°C, for 220 V, 50 c/s, 15 U

Price: &900

Une item

Baskot centrifuge, diameter 600 to 100 mm, speed 5,000 rpm, incide
parts covered with rubber or plastic lacquer to be resistant to 1C to
30/ ethanol at B 2 to 5 adjusted with hydrochloric acid or phosphoric
acid

Oubr, Heine Zentrifugenfabrik
PoOo Box 360

Viersen (Rhld)

‘ederal Republic of Germany

Price: about 43,500

One item

Centrifuge-type Sharples, high speed, 30,000 to 50,000 rpm, with
continuous flow, stainless steel resistant to pH 7 to &, adjusted with
ammonia, for 220 V, 50 c¢/s

Alfa Laval AB
Postfach

U=-147 00 Tumba
Sweden

Cepa,

Carp Padberg Zentrifugenbau 3mbH
763 Lahr/Schwarswald

Federal Republic of Germany

Price: about 3,000

One item




delTigerated centriiuge type Ke(0, for v ¥, YU ¢, 8, 3. kVA, speed
"y HU rpimy with attachment for high speed 20,000 rpm, minimal

tompe pature =100 maximal capacity 4 x 125C ml, ancluding all
aCCoeaguries

Jurgens b datal couey Lo, TOTT0C ro 10T TY

He Jurgens ana o,

Pole oz o

Jurco Hous

Lantenstragee (o

Jremen

Jedorat Republic of Germany
Pricoer  avout L1660

Uno o 1tem

Larpe refr tersted laborelory centrifuge, doucl Juiior 1V Ki, for
pov vy U e/ey 4,500 Y, speed 6,000 rpmy, Wi th high speed ot tuchment
ol TP,y Lemperature -20°C to + 34 "¢, maximal capucitys

e todd b, oncluding all oaccessories

Kur Kol 7974 Catalogue, Nog, 19750 10 1,040
Prices  about 12,000
e ot

Granag Total  §19,034.50 and K 5,500
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RUIMENT SUSSTITUTION

The oot budget (ammex 1II) authorised ths purchase of a rubberised
ultrﬂ\l"ln g.ﬁ.t-hou to be attached to the existing centrifuge tog the
filtration of insulin solutions. This type of centrifuge is needed in the
first stage of insulin production,

Panoreas is extracted in acid sthanol and filtsred through gause. From
the remainder of ths pancreas, after a second extraction, about 5S¢ to maximum
108 of extract may be obtained after centrifugation in such a centrifuge. On
the other hand, etorage Of pancreas after slaughter without rapid fressing
leads to a greater proportion of insulin destruction than that which ie obtginod
by coatrimQuon. After standing 24 houre at Rangoon room-temperature, which
wae about 37°C during the project, thsre would probably not be any 1nsulin lsft
in the pancreas. Transportation in ice would not solve the problem, because
the autolyeis of panoreas proceeds at 0O Cy, although at a elower rate (according
to van't Hoff ruls), until the pancreas is completely frozen. Only then will
all autolytic processes stop. It may aleo happen that the pancreas cannot be
extracted on the seme day at CRO. In that case too, efficienct freesing of
the pancreas is RecessAry.

The frosen pancreas ehould not thaw during transportztion, That is why
it is neceesary to have a special isolation box. This can be easily procured.
There are portabdle cool ers for week-end use which can be put in a car and
could be esuccesefully used for the traneport of irogen pancreac.

The basket centrituge available at CRO ie moreover too small 1.; capacity
for use in inswulin production at the full capacity which ie planned,
It is not enough to have only a rubberised basket. All the inside parts of
the oentrifuge which come into contact with the extract muet be similarly
protected. Acid aloohol extrect of pancreas which hae been adjusted to pi
2-5 with either hydrochlorie acid or phosphoric acid will affect every type
of stainless eteel. It ig well known that iron ions are very etrong
inhibitors of insulin and destroy it quickly., The very good plastic lacquer
oovers are today available which are cheaper than a rubberised centrifuge.

In view of these consideretions it ie propoeed, in place of a rubberiged
oentrifugal basket-head, to buy for the same cost Squipment for the freesing
and trensportation of pancreas, ths first and most important requirement for
insulin prodwotion. Only rew material of €°0d quality can furnish a product
of high yields and pwrity. In freen (vhich here meane frosen) pancreas,
there will be lese destroyed el emente than in uafrosen end theretors production
will be able to be ocarried out more easily.
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CRO IQUIPMINT PURCHASE

A. Amlreie

CRO, from their own funds, will ensure the follewing needs as sooa as
poseible:

(a) A small cold room (2° to 4°c) to be ueed for the purpose of etoring
extracts and solutions during csrtain stagee of production. Whea working to
full capacity, the first extract will be about 100 litree and the usual labora-
tory refrigerator will not be sufficient. CRO has at its disposal the cooling
machinery neceesary for sich a cold room, but will have to see to its isolationg

(b) Two stirrere with 25 to 30 rpm for firet and second extraction of
panoreae. The electric motor which will drive the etirrere ie available;

(c) A meat grinder from their own foreign exchange. This will not be
& big expenee and it is important to have an efficient meat grinder for larger-
scale productiong

(d) 'Twsntv-two polyethylene tanks will bs bought by CRO from their own
foreign exchange. Tanke for insulin extracts can be of a herd nlastic such as
Polyethylene which 18 not 100 expeneirvs and very ueeful decause i1t 1s Lighv .,

B. leohpic t d cost

Wl rom (2.5 2.00 x 1,80 m) at 2° o 4°C, including
cooling machinsry. Cooling maohinery available at CRO

.rice for 1solated room K 5,000
‘neg item

Stirrer wath 25 to 3O rpm, for 100 litree mixtures, with
elsctric motor (CRO hae the dlectric motor)

Price for a stirrer K 250

Two items

Total X %0
rant total fur anomestic expenees K 5,800

Meat grinder, full lemgth 400 to 500 mm, with two knives
and two plates with electric motor

Price oo
One 1tem

Tanks, polyethylene, 22 varioue items, total price $514.%0
Grand total for the procurement from abroad im foreign exchange 8614 .5
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Amneg VIII
BASIC EQUIPMENT

A. Apalyeis

It is proposed to purochase two deep freesers at -20°C, one with about
2J0 1itres capacity for the slaughter-house in Rangoon and with about 330
litres capacity for CRO. This temperature is necessary for rapid and efficisnt
freesing of pancreae and is the usial method.

The Rangoon Slaughter-house has the space for installation and Supply of
slectricity for such a deep freeser. This eise is NECESBATY in ca®e pancreas
has to be collected for several days at the slaughter-house.

CRO must have a bigger deep freeser for the storage of pancreas for sevsral
days in case of a possible production stop (for sxample, holidays) and also in
order to process in larger batches.

Two isolation boxes, with about 20 litres capacity, are needed for trans-
porting pancreas. The sise will be sufficient for the daily transport of
pancreas, i.e. 15 to 20 kg.

The purchase of this equipment would fulfil the primary condition for
officient insulin production. The deep freeser at CRO will be sufficiently

large for the planned maximum capacity of pancreas from Rangoon and Mandalay
slaughter-houses.

B, i t cost

freeser about 330 litres, storage temperature
=22°C, ambient temperature up to 42°C
Cost about 8500

Deep freeser about 230 litres, storege
temperature -22°C, ambient temperature

up to 42°C

Cost about 8440
2 isolation bomes, about 20 litres

ocapacity

Cost about § 30 each 860

Total 81,000
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Annex 1X

ACCESSORY EQUIPMENT
A, Analysis

pi meter

A pH mater is essential during the whole production of insulin. At every
stage the pH must be strictly defined, sometimes with the accuracy of oH 0,05,
Without this instrument one cannot even think of insulin production,
sven crystallisation is efdcted under pH meter supervision, with constant
“mmersion of electrodes in the insulin sclution. The existing instrument at
the CRO Pharmaceutical Department is definitely out of order. The purchase

'!" a new instrument 1s urgently necessary. CRO cannot procure it from its
oun funds,

caitration (basket) centrifuge

A filtration or so-called basket centrifuge, diameter 600 to 700 mm,
twice as big as the one at CRO, is necessary for filtration of the pancreas
remainder after acid alcoholic extraction. It must be emphasized again that
iron, even in a very minute quantity, will inhibit inswlin. In an acid
medium a small quantity of iron from the equipment will however always
d1ssolve. The need for such a centrifuge has been explained (annex vI).
Increaged insulin production requires such a centrifuge because it will increase
the insulin yield by 5 to 1073, while not so important on laboratory-scale
production, it will later be of great significance.

wharples centrifuge

Anvther centrifuge is necessary tor the increased production of insulin.,
Af'ter pancreas extraction with acid alcohol, the extract is made alkaline
with ammonia to pH 7.8-8, In this way many other proteins and their
hydrolysates are precipitated. This precipitate must te quickly and
efficiently removed. Insulin extract should not stand in an alkaline medium
for more than 4 hours at room-temperature because impairment takes place.
After removal of the precipitate, the extract should bhe immediately acidified,
Un a laboratory scale it can be filtered through large funnels with filter-
paper. Onaplant scale this cannot be done because it would take too long.
It must therefore be centrifuged in a high-speed, continuous~flow centrifuge

at about 30,000 to 50,000 rpm, This is the ordinary Sharples type
centrifuge.

ueI‘riErated centrifuge

A large laboratory-type refrigerated centrifuge, with complete accessories,
will also be required. In many ctages of insulin preparation, beginning with
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godium chloride saturation and including crystallization which will be carried
out at CRO to maximum capacity on a larger laboratory scale, the precipitate
must be removed from the solution. Usually this involves t Lme-consumiri- and
tedivus filtrations. There is alwaye a loss of more or legs precipitate and
filtrate, meaning losse of insulin which becomes more significant on a larger
scale. This is avoided by centrifugstion and saves a lot of working time,

A refrigerated centrifuge is needed to avoid heating during centr: fugetion
because, especially at higher speeds, such spells of heating will always
:Mpair & part of the insulin present. CRO cannot purchase a refrigerated
centrifuze from their own funds,

Leep ‘reczer and 1solation boxes for Mandal ay

After all the pancreas from Rangoon slaughter-houses has heen nr)cessed,
that from landalay slaughter-houses should follow. For that purpose ano*her
ueep freczer, with 23C litres capacity, should be purchased. There is space
for irstallation and requisite electricity supply at Manaalay slaughter~houses.

{or tra.sportation of frozen pancreas from Mandalay to CRO six isolation
boxes will be needed. The number ig larger than for Rangoor because of
longer transportation time, As a maximum of 4 kg pancreas wil! be collected
per day, 1t will be best to transport every 5 to 10 days. For cach transport
2 to ! 1solation boxes will be required,

B. Toohnigﬂ date and cost

Ri Meter, Beckman Zeromatic, range 0 to 14 24,
relative accuracy +0.05 pR

Cost $900

Basket centrifuge, diameter 600 to 700 mm,
speed 5,000 rpm, inside parts ocovered with
rubber or plastic lacquer

Cost about 83,500

Sharples centrifuge, 30,000 to 50,000 rpm,
with oontinuous flow

Cost about $3,000

Refriperated centrifuge, large laboratory

type, speed 5,000 to 5,500 rpm, with a’.tachment
for high speed 20,000 to 25,000 rrm, rinimal
temperature ~12° {0 -200C, maximal capcity

4 x1,50ml or 6 x 1,000 ml, including all
accessories

Cost about $10,000




Deep . reezor, about -3V liires, storage
temperature =22°C, ambient tempersture
up to 42C

Comt about

6 1selation LIXes about 2U litres
cepacity, ‘or transportation of frogen
puncreas

Coat mbout §:C each
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