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Abstract

Background Pancreatic enzyme-replacement therapy (PERT), provided as pancreatin to patients with pancreatic exocrine
insufficiency (PEI), is considered an essential substitute for the pivotal physiological function the pancreas fulfills in diges-
tion. PEI involves a reduction in the synthesis and secretion of pancreatic enzymes (lipase, protease, amylase), which leads
to an inadequate enzymatic response to a meal and consequently to maldigestion and malabsorption of nutrients. The efficacy
of PERT is strongly dependent on enzyme activity, dissolution, and pancreatin particle size.

Objective The physiological properties of eight pancreatin preparations (nine batches; five different brands) available in
Russia and CIS (Commonwealth of Independent States: Armenia, Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan, Moldova,
Russia, Tajikistan, Uzbekistan) were investigated.

Methods The lipase activity, dissolution, and particle size distribution of samples from multiple batches of pancreatin of
different strengths were measured.

Results Regarding lipase activities, all pancreatin preparations except Micrazim® matched the labeled content. Considerable
differences were observed in particle size and dissolution.

Conclusion Pancreatin preparations available in Russia and CIS demonstrate product-to-product and batch-to-batch vari-
ability regarding the measured properties of lipase activity, dissolution, and particle size. This may impact the efficacy of
PERT and therefore clinical outcomes.

1 Introduction

Pancreatic exocrine insufficiency (PEI) is defined as an
insufficient secretion of pancreatic enzymes (acinar func-
tion) and/or sodium bicarbonate (ductal function), with the
main causes being loss of pancreatic parenchyma, obstruc-
tion of the main pancreatic duct, decreased stimulation of the
exocrine pancreas and inactivation of pancreatic enzymes
[1]. The pancreas has a large reserve capacity; patients with
pancreatic secretion < 10% are classified as having severe or
decompensated insufficiency, with the key clinical manifes-
tation of PEI tending to be steatorrhea. Nonetheless, patients
classified as having mild to moderate exocrine insufficiency

< Gwendolyn P. Janssen-van Solingen
gwendolyn.janssen @abbott.com

A L. Evdokimov Moscow State University of Medicine
and Dentistry, Ministry of Health of Russia, Moscow, Russia

Donetsk National Medical University, Ministry of Health
of Ukraine, Lyman, Ukraine

Abbott Laboratories GmbH, Hannover, Germany
Abbott Laboratories, Moscow, Russia
Abbott Product Operations AG, Allschwil, Switzerland

Department of Gastroenterology and Hepatology,
University Hospital of Santiago de Compostela,
Santiago de Compostela, Spain

may also experience malnutrition, malabsorption of lipid-
soluble vitamins, and depleted micronutrients which, in turn,
is associated with high morbidity and mortality [1-3].

In the past 5 years, several guidelines have been pub-
lished regarding the diagnosis and management of PEI,
especially considering the underlying etiology of chronic
pancreatitis (CP), but also related to PEI irrespective of
underlying disease. In 2015, the Australasian guidelines for
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Pancreatic Enzyme Replacement Therapy (PERT) is
considered the treatment of choice for the management
of Pancreatic Exocrine Insufficiency (PEIL).

This in-vitro study assessed the properties of pancreatin
preparations for PEI as available in Russia/CIS regarding
particle size, lipase activity and dissolution.

The properties assessed are considered to impact the effi-
cacy of PERT as the objective of PERT is to mimic the
normal physiological process of digestion. Factors con-
tributing to the efficacy are: mixture with a meal, gastric
emptying with a meal, mixing with duodenal chyme/bile
acids, rapid release of enzymes in the duodenum as well
as enzyme activity.

The investigated pancreatin preparations demonstrate
variability regarding the investigated parameters, par-
ticularly for particle size, but differences were also noted
regarding actual vs. labeled lipase activity and dissolu-
tion rates. The observed differences may impact the effi-
cacy of PERT, although caution should be exerted when
extrapolating in vitro study results to clinical outcomes.

the management of PEI were published [4, 5]. In Europe, the
United European gastroenterology evidence-based guide-
lines for the diagnosis and therapy of CP (HaPanEU) were
published in 2017 [1]. This overarching European guide-
line followed a whole range of local guidelines published
between 2010 and 2015 (Ttalian in 2010, Spanish in 2013,
and German, Hungarian, and Romanian in 2015) [6-11].
Whereas these guidelines consistently recommended pH-
sensitive, enteric-coated pancreatin preparations, most but
not all specifically alluded to the importance of particle size.

The most recently published European guideline [1]
stated that the efficacy of pancreatic enzyme-replacement
therapy (PERT) depends on several factors: mixture with
a meal, gastric emptying with meal, mixing with the duo-
denal chyme and bile acids and rapid release of enzymes in
duodenum.

For PERT, the particle size, acid resistance, and disso-
lution profile are important features of pancreatin prepara-
tions intended to mimic the normal physiological process
of digestion.

In a Cochrane analysis from 2014, Somaraju et al. [12]
reported a statistically significant result favoring enteric-
coated microspheres over enteric-coated tablets for second-
ary outcomes of stool frequency, abdominal pain, and fecal
fat excretion. The HaPanEU guidelines from 2017 confirmed
this finding, stating that “enteric-coated microspheres or
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mini-microspheres of <2 mm in size are the preparations of
choice for PEIL. Micro- or minitablets of 2.2-2.5 mm in size
may be also effective, although scientific evidence in the
context of CP is more limited and comparative clinical trials
of different enzyme preparations are lacking” [1].

In two previous publications, Lohr et al. [13, 14] specified
the additional criteria an ideal pancreatic enzyme supple-
ment would need to fulfill, specifically related to the fol-
lowing properties:

(1) Rapid enzyme release in the small intestine at approx-
imately pH 6 with 2-h efficacy.

(2) Particle size < 1.7 mm to pass the pylorus.

(3) Large specific surface area.

(4) Conformity of ingredients with label declaration.

(5) High batch-to-batch conformity.

Conformity of ingredients with label declaration is
important for adequate dosing, especially regarding lipase
activity, and dosing of PERT in cystic fibrosis is either by
grams of fat ingested or bodyweight. Dosing by grams of fat
is more likely to mimic the normal pancreatic response to
a meal. Doses of enzymes exceeding 2500 lipase units/kg/
meal or 4000 lipase units/g of fat warrant further investiga-
tion in cystic fibrosis [15].

The results of a comparison of the properties and formu-
lation characteristics of various pancreatin preparations in
Western Europe have been published before [14]. The afore-
mentioned study analyzed different strengths of Kreon®,
Panzytrat®, Pangrol®, Cotazym®, Ozym®, and Pankrea-
tin® (Mikro-ratiopharm). Regarding enzyme preparations
available in Russia and CIS there is some overlap regarding
preparations assessed in 2009, but there are also significant
differences.

The aim of this study was to compare the properties and
formulation characteristics of pancreatin capsules of differ-
ent strengths and brands (Micrazim®, Ermytal®, Pangrol®,
Panzytrat®, Kreon®).

2 Materials and Methods
2.1 Materials

In the current study, we analyzed the lipase activities, dis-
solution, and particle sizes of samples from nine batches
of pancreatin capsules of different strengths (brand names
Micrazim®, Ermytal®, Pangrol®, Panzytrat®, Kreon®). All
measurements were performed in duplicate per batch, except
for Kreon, which was performed in triplicate per batch. All
tested products had a gastro-resistant coating, since lipase
is irreversibly inactivated at a pH of <4.

The pancreatin supplements assessed consisted of cap-
sules filled with microtablets, minitablets, pellets, or minimi-
crospheres The following commercial batches of pancreatin
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Table 1 Overview of products investigated

Brand name (manufacturer) LC(L,A,P) Batch Manufacturing date  Expiry date ~ Capsule size and content
Ermytal® 25,000 25000 330401  May 2017 Apr 2020 Capsules size Oel, with microtablets
(Nordmark, Germany) 22500
1250
Ermytal® 36,000 36000 110421 Feb 2015 Jan 2018 Capsules, size 00, with microtablets
(Nordmark, Germany) 18000
1200
Kreon® 25,000 25000 0293 Oct 2017 Sep 2020 Capsules, size 0, with minimicrospheres
(Abbott, Germany) 18000
1000
Kreon® 25,000 25000 0296 Oct 2017 Sep 2020 Capsules, size 0, with minimicrospheres
(Abbott, Germany) 18000
1000
Kreon® 40,000 40000 0014 Aug 2017 Jul 2020 Capsules, size 00, with minimicrospheres
(Abbott, Germany) 25000
1600
Micrazim® 25000 330417 NA Apr 2019 Capsules, size 0, with pellets
25,000 19000
(AVVA RUS, Russia) 1300
Micrazim® 40000 10716 NA Jul 2019 Capsules, size 00, with pellets
40,000 30240
(AVVA RUS, Russia) 2080
Pangrol® 25,000 25000 71200 Mar 2017 Mar 2019 Capsules, size Oel, with minitablets
(Adare Pharmaceuticals, Italy) 22500
1250
Panzytrat® 25,000 (Allergan 25000 410101 NA Jun 2020 Capsules, size 0, with microtablets
Pharmaceuticals, Ireland) 22500
1250

A amylase, L lipase, LC labeled content (FIP U), P proteases

capsules were acquired from public pharmacies and investi-
gated within their shelf-life: Micrazim® 25,000, Micrazim®
40,000, Pangrol® 25,000, Ermytal® 25,000 and 36,000,
and Panzytrat® 25,000. The study also included data from
Kreon® 25,000 (two batches) and 40,000 (one batch) and
the particle size distributions of all these strengths (Table 1).
An overview of the different products is given in Table 1.

2.2 Determination of Particle Size

Particle size distribution (PSD) was determined using a
Qicpic dynamic imaging system (Sympatec GmbH, Ger-
many), applying the same measuring conditions for all
samples. The system can differentiate between length (Fer-
ret max) and width (Ferret min) for each particle (method
details may be requested from the corresponding author).
Each batch was analyzed in duplicate (different brands) or
in triplicate (Kreon® samples). The number of repetitions
depended on the available amount of test material.

The form/shape of the tablets and pellets investigated in
this study are best described as a cylinder. The length of
these cylinders was considered the critical dimension that
determined the probability of passing the pylorus together
with the chyme. However, the particle size of tablets is

well-defined by the manufacturing process and does not have
a wide distribution. In contrast, pellets have a wider distri-
bution. The Ferret max' X, was used as the representative
parameter for the overall PSD. The X, value is the particle
diameter, for which the cumulative distribution Q3 (volume
based) assumes a value of 50%. Particle sizes were repre-
sented with the aid of the percentile range X, where X5,
represents the particle size at which 50% of the material is
smaller than this.

2.3 Enzyme Activity Determination

The strengths of the pancreatin products are defined by the
labeled lipase activity. Lipase activities were determined
according to the European Pharmacopoeia (Ph. Eur.) [16].
The lipase activity of the product was determined by com-
paring the hydrolysis of olive oil emulsion (lipolytic activity)
achieved by the product and that determined for the well-
defined reference standard.

! Source: https://www.sympatec.com/en/particle-measurement/gloss
ary/particle-shape/.
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Table 2 Particle size distributions of the investigated products

Product Batch Xs50
Qicpic
Ferret
(max)
(um)
Ermytal® 25,000 (mean, n=2) 330401 2725
Ermytal® 36,000 (mean, n=2) 110421 2737
Kreon® 25,000 (mean, n=3) 0293 1526
Kreon® 25,000 (mean, n=3) 0296 1654
Kreon® 40,000 (mean, n=3) 0014 1667
Micrazim® 25,000 (mean, n=2) 33041 2181
Micrazim® 40,000 (mean, n=2) 10716 2079
Pangrol® 25,000 (mean, n=2) 71200 2746
Panzytrat® 25,000 (mean, n=2) 410101 2736

2.4 Dissolution

Pancreatin formulations are coated with a pH-sensitive
coating intended to dissolve above the safe pH threshold
of 5-5.5. Dissolution testing was performed on qualified
equipment (dissolution tester Sotax ATR smart) and lipase
activity was determined in the dissolution media accord-
ing to the Ph. Eur. (hydrolysis of olive oil vs. the reference
standard). The dissolution conditions are a modification of
the US Pharmacopoeia (USP) method described for pancre-
lipase delayed-release capsules [17]. The pellets were placed
in synthetic gastric juice (pH 1.15) for 2 h, then transferred

3000
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to a phosphate buffer with pH 6. Samples were taken after
20 and 30 min in phosphate buffer and the lipase activity
determined.

Deviation from the standard dissolution analyses occurred
for Micrazim® 25,000, although only limited material was
available so this was performed with two vessels instead of
SiX.

3 Results
3.1 Particle Size Distribution

The particle diameter of the pancreatin preparations differed
considerably. Table 2 and Fig. 1 summarize the results of
the particle size determination (PSD). The particle size data
demonstrate that Kreon® has the smallest particle size for
Ferret max X5, of all the products. All tablet formulations
(Ermytal®, Pangrol®, Panzytrat®) are significantly larger
than 2000 um. The pellet formulations for Micrazim® have
a particle size slightly larger than 2000 um; the minimicro-
spheres for Kreon® are below 1700 pm (Fig. 1).

3.2 Lipase Activities

The lipase activities in the analyzed batches per pancreatic enzyme
supplement are summarized in Table 3. We noted small deviations
from the declared content, with values of 96—122%, with Micra-
zim® 40,000 being a significant outlier at 79% (Fig. 2).
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batch 293
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Fig.1 Particle size (um) of pancreatin preparations in Russia/CIS
capsules expressed as Ferret max Xs,. The continuous line at the
2000 um level represents the largest particle size recommended in
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clinical guidelines for the treatment of pancreatic exocrine insuffi-
ciency. **In the case of two samples, mean value of two samples



Properties of Pancreatin Preparations for PEl in Russia and CIS

373

50000

45000

40000

35000

30000

U**

25000

v

20000

15000

10000

5000

Lipase activity per capsule,

Kreon Kreon Kreon Pangrol
25000 25000 40000 25000
batch 293 batch 296

Micrazim
25000

Micrazim
40000

Ermytal
25000

Ermytal
36000

Panzytrat
25000

Drugs in capsules

Fig.2 Lipase activity of the different products. **In the case of two samples, mean value of two samples

Table 3 Determined enzyme activities per capsule and expressed as
percent of labeled lipase activity (LC)

Product Batch Enzyme Activity per LC (%)
capsule (FIP U/
cps)
Ermytal® 25,000 330401 Lipase 27,678 111
Ermytal® 36,000 110421 Lipase 41,641 116
Kreon® 25,000 0293 Lipase 27,840 111
Kreon® 25,000 0296 Lipase 26,405 106
Kreon® 40,000 0014 Lipase 43,515 109
Micrazim® 25,000 33041  Lipase 23,871 96
Micrazim® 40,000 10716 Lipase 31,631 79
Pangrol® 25,000 71200  Lipase 30,558 122
Panzytrat® 25,000 410101 Lipase 28,133 113

LC labeled content

All lipase activities were at or above the label claim,
except for Micrazim®, where lipase activities were consist-
ently below the label claim. The Ph. Eur. does not list a
monograph on pancreas powder-finished products, but the
USP contains a monograph on pancrelipase delayed-release
capsules [17], which provides a minimum lipase activity of
90%. All tested products corresponded to this acceptance
criteria, except for Micrazim® 40,000, for which only 79%
of labeled activity was determined.

3.3 Dissolution

Table 4 presents the mean (of six vessels) as well as the
coefficient of variation (CV) at each respective timepoint.
Figure 3 demonstrates the dissolution of the different prod-
ucts after 20 min as percent of labeled lipase activity.

All products but Micrazim® 40,000 demonstrated an
average dissolution rate of more than 80% for at least one
time point. This is consistent with the determined lipase
activity for this batch. Therefore, it can be concluded that
the gastric-resistance and dissolution characteristics of the
different products are comparable.

4 Discussion

In clinical practice, the dose of pancreatic enzymes admin-
istered is based on lipase activity, where the recommended
initial dose reflects approximately 10% of the physiologi-
cally secreted dose of lipase into the duodenum after con-
sumption of a normal meal. For digestion of a normal meal,
this translates into a minimum lipase activity of 30,000 IU.
Since 1 IU of lipase equals 3 PhU, the minimum amount of
lipase required to digest a normal meal is 90,000 PhU, which
can be achieved by a combination of endogenous enzyme
secretion and exogenous enzyme administration. The afore-
mentioned HaPanEU guidelines [1] therefore advocate a
minimum lipase dose of 40,000-50,000 PhU per main meal,
and half that dose with snacks. That enzyme dose signifi-
cantly improved the fat and protein digestion, symptoms, and
nutritional status of patients with PEI in clinical trials [18].
To best evaluate the efficacy of PERT, it is imperative to
assess both symptomatic improvement and normalization
of nutritional parameters, since symptom resolution alone
does not exclude residual PEI and ongoing malnutrition-
associated consequences [1-3, 19].

The results of this in vitro study comparing eight formu-
lations of PERT (five different brands) available in Russia
and CIS (pancreatin in capsules in Russia/CIS with a label
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Dissolution in % of labeled lipase activity
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Fig.3 Dissolution of the different products after 20 min as percent of labeled lipase activity (LC)

Table 4 Dissolution after 20 and 30 minutes at pH 6 after 2 h incuba-
tion in 0.1 HCI expressed as percent of labeled lipase activity (label
claim)

Product Batch  Mean [% LC] Mean [% LC]
after 20 min (CV) after 30 min (CV)
Ermytal® 25,000 330401 102 (5.2) 95 (4.6)
Ermytal® 36,000 110421 99 (3.1) 94 (2.8)
Kreon® 25,000 0293 100 (2.3) 97 (1.5)
Kreon® 25,000 0296 101 (1.8) 97 (1.7)
Kreon® 40,000 0014 98 (2.1) 93 (2.1)
Micrazim® 25,000 33041  98* 99¢
Micrazim® 40,000 10716 67 (5.7) 62 (5.9)
Pangrol® 25,000 71200 84 (9.9) 94 (11.6)
Panzytrat® 25,000 410101 90 (3.7) 86 (2.5)

CV coefficient of variation, LC labelled content

*Because of the limited amount of available material, only two tests
were performed, instead of six, so no CV is reported

claim of > 25,000) demonstrated little difference regarding
lipase activities compared with the labeled content, with
the exception of Micrazim® 25,000 and 40,000, which
contained 96% and 79% of the labeled content of lipase,
respectively. Regarding dissolution, most of the products
exhibited a reproducible dissolution rate combined with
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an acceptable level of > 80% of labeled lipase activity.
To conclude, this means that the enzymes are, in most
cases, efficiently protected from gastric acid during the
gastric phase and quickly released at pH 6 (in the duo-
denum). As long as the (mini) microspheres or the mini-
tablets are passing the pylorus due to their particle size
the enzymes are released and will be active in the small
intestine. There are two relevant exceptions in this study.
First, Micrazim® 40,000 released a maximum of 67% of
labeled lipase activity. Given the low actual lipase activity
of 79% of that claimed on the label, the dissolution rate
in relation to actual lipase activity is approximately 80%.
This leads to the conclusion that the low dissolution rate
as percent of label claim is mainly driven by the low lipase
activity. Second, Pangrol® 25,000 demonstrated a highly
variable dissolution rate. The average release rate was still
around or above 80%, but several individual data points
were below 80%. The high variability (CV of 11.6% after
30 minutes) suggests that the patient will not receive a
comparable lipase activity representing the labeled lipase
activity with each dose, every time. Most formulations
show a maximum dissolution rate after 20 minutes, but for
Pangrol® 25,000, this occurred after 30 minutes. Rapid
release of enzymes in the duodenum is very important for
PERT efficacy, as a release further distally impacts efficacy
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as it fails to mimic the natural postprandial exocrine pan-
creatic physiology [1-3].

This study confirms the results previously reported by
Lohr et al. [13, 14]. Regarding PSD, significant differences
were found between the different enzyme supplements.
Meyer et al. [20] postulated that, in order to emulate physi-
ology, particle size should not exceed 1.4 + 0.3 mm, and
that this size would ensure simultaneous emptying from
the stomach interspersed in the chyme. Bruno et al. [21]
demonstrated dyssynchronization in the gastric transit of a 2
mm pancreatin preparation and the meal. Kiihnelt et al. [22]
and Norregaard et al. [23] further confirmed that smaller
particles had a different onset of action from larger particle
diameters and that this translated into tangible differences in
treatment efficacy; in particular, more rapid onset of action
was associated with greater efficacy of PERT. Kuhnelt et al.
[22], based on their study on gastric emptying of particles,
advocated a pancreatin preparation with a granule size
of < 1.2 mm and have previously demonstrated together
with Mundlos et al. [24], that pellets with a particle size of
2.0 mm are retained 120 min longer in the stomach [22, 24].
Both Kiihnelt et al. [22] and Layer et al. [25] also noted that
products with a small particle size of 0.8—1.2 mm yielded
higher lipolytic activity than particles measuring more than
1.8-2 mm. Data are supportive of the recent investigations
of Kong and Singh [26], which report that liquids and small
particles (< 1-2 mm) flow continuously from the stomach
into the duodenum, whereas the indigestible particles larger
than the pyloric opening are retropelled and retained in the
stomach. Liquids and digestible and indigestible solids with
a size of 1-2 mm are emptied during fed motility from the
stomach to the duodenum, whereas contents > 2 mm are
emptied during fasting motility [26].

The geometrical form of the investigated products (mini-
and microtablets, pellets, and minimicrospheres) is best
described by a cylinder. The Ferret min diameter represents
the diameter of this cylinder, whereas the Ferret max repre-
sents the length of the cylinder. As the Ferret max describes
the maximum size of the particle in any dimension, it can be
regarded as the main particle size parameter indicating the
probability of a particle passing the pylorus together with
the chyme.

As expected, the particle size for products that contain
mini- or microtablets (Pangrol® and Ermytal®) did not dif-
fer much. All the (mini- or micro-) tablets have a size of
about 2.7 mm, and Micrazim® pellets are slightly larger
than 2.0 mm. In contrast to these products, Kreon® con-
tains minimicrospheres and the particle size is significantly
smaller than the tablet and pellet formulations. The lower
size determined for Kreon® products (around 1.6—1.7 mm)
is aligned with the previous findings of Lohr et al. [13, 14]
and the aforementioned statement in the HaPanEU guide-
lines that microspheres or mini-microspheres of < 2 mm are

the preparations of choice for PEI (Statement 4-2.2) [1]. A
particle size of less than 2000 pm is regarded as favorable
for digestive potency.

These days, pancreatin in capsules is the drug of choice
for the treatment of PEI, and tablets are rarely used in clini-
cal practice [1]. It is considered key that PERT mimics post-
prandial exocrine pancreatic physiology as much as possi-
ble [2, 3]. However, a large number of drugs are available
in capsules, which makes it difficult for the practitioner to
choose. This study is not the first to compare the properties
of pancreatin preparations [14]; however, unlike previous
publications, we compared the pancreatin preparations most
commonly available in Russia and the CIS region.

Caution is required when transferring/extrapolating the
results of an in vitro study to clinical outcomes; however,
in terms of demonstrating the efficacy of PERT, the most
recently published HaPanEU guidelines acknowledged that
the most recent and well-designed randomized controlled
trials were conducted with enteric-coated minimicrospheres

[1].

5 Conclusion

This in vitro study of PERT preparations available in Russia
and CIS demonstrated both similarities and differences, par-
ticularly in relation to particle size, and identified one outlier
relating to measured lipase activity versus labeled activity
and a low dissolution rate. Other products were sufficiently
high in lipase activity per label claim. The study successfully
demonstrated the variability of key performance parameters,
particularly in relation to particle size, which may affect the
efficacy of PERT and, ultimately, clinical outcomes.
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