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AbSTrAcT

ObJEcTIVE: The aim of this study was to determine the effects of synbiotic food consumption 
on glycemic status and serum high sensitivity c-reactive protein (hs-crP) levels of Iranian 
pregnant women. DESIGN: This randomized placebo-controlled clinical trial was performed 
among 52 pregnant women, primigravida, aged 18-35 year old, in their third trimester. After 
a 2-wk run-in period, subjects were randomly assigned to consume either a synbiotic (n=26) 
or control food (n=26) for 9 weeks. The synbiotic food consisted of a probiotic Lactobacillus 
sporogenes (1×107 cFU), 0.04 g inulin as prebiotic with 0.38 g isomalt, 0.36 g sorbitol and 0.05 
g stevia as sweetener per 1 g. control food (the same substance without probiotic bacteria and 
inulin) was packed in identical 9-gram packages. Patients were asked to consume the synbiotic 
and control foods two times a day. Fasting blood samples were taken at baseline and after a 
9-wk intervention for quantification of related factors. rESULTS: consumption of a synbiotic 
food did not show any significant change regarding the impact of insulin actions in the synbi-
otic group; nonetheless, compared to the control food, it resulted in a significant decrease in 
serum insulin levels (-0.26 vs. 6.34 µIU/mL, P=0.014) and HOMA-Ir (-0.13 vs. 1.13, P=0.033), 
a significant difference in HOMA-b (5.30 vs. 34.22, P=0.040) and a significant rise in QUIcKI 
score (0.002 vs. -0.02, P=0.022). cONcLUSIONS: consumption of a synbiotic food for 9 weeks 
by pregnant women had beneficial effects on insulin actions compared to the control food, but 
did not affect FPG and serum hs-crP concentrations.
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which circulating levels of insulin are inadequate to 
elicit a metabolic response from adipose tissue, skeletal 
muscle, liver cells and other non-traditional insulin-
sensitive tissues.1 Pregnancy-induced production of 
cytokines, owing to excess body weight,2 including lep-
tin,3 resistin,4 interleukin-6 (IL-6),5,6 together with low 
physical activity7 is associated with abnormal glucose 
homeostasis, insulin resistance and increased systemic 

IntroductIon

Insulin resistance is a physiological condition in 
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inflammation, particularly in the third trimester. 
Maternal hyperinsulinism and glycemic status as well 
as increased inflammatory markers typically result in 
preterm delivery,8 higher rate of cesarean section,9 
the development of pregnancy-induced hypertension 
(PIH) and gestational diabetes mellitus (GDM).10 
GDM affects 1-14% of pregnancies depending on 
different screening methods, diagnostic criteria and 
the population screened.11 It is related to several 
adverse pregnancy outcomes, including shoulder 
dystocia, neonatal hypoglycemia, respiratory distress, 
hypocalcemia,12 macrosomia 13 and increased risk of 
developing type 2 diabetes (T2D) later in life.14

The primary treatment for insulin resistance and 
inflammation is diet therapy, especially low-glycemic 
load diet, exercise15 and antioxidant supplementation 
including vitamins E and C.16 In addition, use of anti-
diabetic medications17 and anti-inflammatory agents18 
are suggested for decreased insulin resistance and 
inflammatory factors in pregnant women. Although 
several attempts have been made to decrease insulin 
resistance and inflammatory factors by consumption 
of probiotic-containing products among pregnant 
women,19,20 limited data are available assessing the 
effects of synbiotic foods. Furthermore, earlier studies 
on the effects of synbiotics have mostly been assessed 
in non-pregnant21 and animal models.22 Our previous 
study showed that synbiotic food consumption in 
diabetic patients led to decreased serum insulin and 
hs-CRP levels after 6 weeks.21 However, 3 months 
of synbiotic supplementation did not promote any 
significant changes in inflammatory cytokines among 
healthy elderly individuals.23

Synbiotics are thought to affect insulin resist-
ance and inflammation by short-chain fatty acid 
(SCFA) production24,25 and decreased expression of 
inflammation-relevant genes, including interleukin-6 
(IL-6), IL-8, cyclooxygenase-2 (COX2) and IL-1α.6 
To our knowledge, no reports are available indicat-
ing the favorable effects of synbiotic food consump-
tion on glycemic status and inflammatory markers 
in pregnant women. The aim of the current study 
was, therefore, to investigate the effects of synbiotic 
food consumption on glycemic status and serum high 
sensitivity C-reactive protein (hs-CRP) levels among 
Iranian pregnant women.

Methods

Participants

This randomized placebo-controlled clinical trial 
was performed in Kashan, Iran, from June 2012 to 
February 2013. To estimate the sample size, we used a 
randomized clinical study sample size formula where 
type one (a) and type two error (b) were 0.05 and 
0.20 (power=80%), respectively. Based on a previous 
study,21 we also considered 6.5 as the difference in the 
mean (d) of insulin as a key variable. The formula 
showed that the current study needed 26 subjects per 
each group to achieve 80% of the power. Pregnant 
women, primigravida, aged 18-35 years old who were 
carrying a singleton pregnancy at 27 weeks of gestation 
were included in this study. We excluded those with 
pre-eclampsia, hypertension, GDM, complete bed 
rest (CBR), hospitalization, intra-uterine fetal death 
(IUFD), intrauterine growth retardation (IUGR) as 
well as those with a history of rheumatoid arthritis, 
thyroid, parathyroid or adrenal diseases and hepatic 
or renal failure, smokers and those taking medica-
tions including nonsteroidal anti-inflammatory drugs 
(NSAIDs) and aspirin. Gestational age was assessed 
from the date of the last menstrual period and from 
clinical assessment.27 Individuals with the abovemen-
tioned inclusion criteria were invited to participate 
in the study from women attending maternity clinics 
affiliated to Kashan University of Medical Sciences, 
Kashan, Iran. A total of 86 pregnant women aged 
18-35 years old were screened; of these, 56 pregnant 
women met the inclusion criteria. Participants were 
randomly assigned to receive synbiotic (n=28) or 
control food (n=28) for 9 weeks. Among the indi-
viduals in the synbiotic group, 2 persons [hospitaliza-
tion (n=1) and IUGR (n=1)] were excluded. The 
exclusions in the control group were also 2 women 
[pre-eclampsia (n=1) and GDM (n=1)]. Finally, 
52 participants [synbiotic (n=26) and control food 
(n=26)] completed the trial (Figure 1). The study was 
conducted according to the guidelines laid down in 
the Declaration of Helsinki. The ethical committee 
of Kashan University of Medical Sciences (KUMS) 
approved the study and informed written consent was 
obtained from all participants. The trial was registered 
in the Iranian website (www.irct.ir) for registration of 
clinical trials (IRCT code: IRCT201212105623N3). 
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Study design

To obtain detailed information about the dietary 
intakes of the study participants, all women partici-
pated in a 2-wk run-in period during which all subjects 
had to refrain from taking synbiotic or any other 
probiotic food. At the end of the run-in period (27 
weeks of gestation), subjects were randomly assigned 
to consume 18 g/d of synbiotic or control food for 9 
weeks. The study was triple blind for the synbiotic 
and control-consuming groups. That is, in addition 
to the subjects and the investigator, the evaluator 
of the results was also not aware which treatment 
any particular subject received. Women who were 
pregnant were stratified based on age and BMI, then 
randomly assigned to the synbiotic or control group 
from computer generated random number lists. 
Randomization and allocation were concealed from 
the researcher and participants until after the main 
analyses had been completed. A trained midwife at 
the maternity clinic generated the randomized allo-
cation sequence, enrolled participants and assigned 
participants to interventions. Participants were asked 
not to alter their routine physical activity or usual diets 
and not to consume any synbiotic or probiotic other 
than that provided to them by the investigators. They 
were also asked to avoid consuming any fermented 
products. Synbiotic or control foods were provided 

for the participants every week. Compliance with 
synbiotic or control food consumption was monitored 
once a week through phone interviews. The compli-
ance was also double-checked by the use of three-day 
dietary records completed throughout the study. 
To obtain nutrient intakes of participants based on 
these three-day food diaries, we used Nutritionist IV 
software (First Databank, San Bruno, CA) modified 
for Iranian foods.

Assessment of variables

Data on pre-pregnancy weight and height (meas-
ured values) were taken from the records of the 
pregnant women who were in the clinic. A trained 
midwife at the maternity clinic took anthropometric 
measurements at study baseline and 9 weeks after in-
tervention. Body weight was measured in an overnight 
fasting status, without shoes and in a minimal clothing 
state by the use of a digital scale (Seca, Hamburg, 
Germany) to the nearest 0.1 kg. Height was measured 
using a non-stretched tape measure (Seca, Hamburg, 
Germany) to the nearest 0.1 cm. BMI was calculated 
as weight in kg divided by height in meters squared. 

Biochemical assessment

Fasting blood samples (10 mL) were taken at 
baseline and after 9-wk intervention at the Kashan 
reference laboratory in the early morning after an over-
night fast. Fasting plasma glucose (FPG) levels were 
quantified by the use of glucose oxidase/peroxidase 
(GOD-POD) method with commercially available 
kits (Pars Azmun, Tehran, Iran). Serum insulin levels 
were assayed by enzyme linked immunoassay kits 
(DiaMetra, Milano, Italy). The intra- and interassay 
CVs for insulin were 3.1 and 6.2%, respectively. The 
homeostatic model assessment for insulin resistance 
(HOMA-IR), β-cell function (HOMA-B) and the 
quantitative insulin sensitivity check index (QUICKI) 
was calculated based on suggested formulas.28 Serum 
hs-CRP concentration was assayed using ELISA kits 
(LDN, Nordhorn, Germany). The inter- and intra-
assay CVs for the hs-CRP assays ranged from 5.1 to 
7.5%. Measurements of FPG, insulin and hs-CRP 
were done in a blinded fashion, in duplicate, in pairs 
(before/after intervention) at the same time, in the 
same analytical run and in random order to reduce 
systematic error and inter-assay variability.

Figure 1. Summary of study participant flow. GDM: Gestation-
al diabetes mellitus; IUGR: Intrauterine growth retardation.
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Synbiotic and control foods

The synbiotic food consisted of a probiotic viable 
and heat-resistant Lactobacillus sporogenes (1×107 
CFU), 0.04 g inulin (HPX) as prebiotic with 0.38 g 
isomalt, 0.36 g sorbitol and 0.05 g stevia as sweetener 
per 1 g. The pregnant women were asked to consume 
the synbiotic food 2 times a day from a 9 g package. 
Therefore, they received 18×107 CFU Lactobacillus 
sporogenes and 0.72 g inulin each day. Control food 
(the same substance without probiotic bacteria and 
prebiotic inulin) was packed in identical packages 
and coded by the producer to guarantee blinding. 
The synbiotic and control foods were provided by 
Sekkeh Gaz Company, Isfahan, Iran.

Statistical analysis

To ensure the normal distribution of variables, 
a histogram test was applied. For non-normally dis-
tributed variables, log-transformation was applied. 
Descriptive statistics (means and SDs) for general 
characteristics of the study participants were re-
ported. Data on dietary intakes were compared by 
the paired t-test. The paired-samples t test was used 
to detect within-group differences. The Student’s t 
test was used to detect differences between the two 
groups (control and synbiotic foods). To determine 
the effect of synbiotic food on glycemic status and 
serum hs-CRP, we applied repeated measures analy-
sis of variance where treatment*time interactions 
were tested by using Pillai’s trace. In these analyses, 
the treatments (synbiotic and control foods) were 
regarded as between-subject factors and time with 
two time-points (baseline and week 9 of intervention) 
was considered as a within-subject factor. To assess 
whether the magnitude of the change depended on 
the starting value, we conditioned all analyses on 
baseline values to avoid the potential bias that might 
have resulted. All statistical analyses were done using 
the Statistical Package for Social Science version 17 
(SPSS Inc., Chicago, Illinois, USA).

results

No serious adverse reactions were reported follow-
ing consumption of the synbiotic food in the pregnant 
women throughout the study. We found neither a 
significant difference in the mean value of age, nor 
of pre-pregnancy weight and BMI between the two 

groups (Table 1). Baseline weight and BMI as well as 
their means after intervention were not significantly 
different between the control and synbiotic groups.

At the study beginning, no significant differences 
were found between the two groups in terms of dietary 
intakes. Comparing the dietary intakes during the 
run-in period and throughout the study separately in 
each group, we observed no significant within-group 
differences in dietary intakes except for monoun-
saturated fatty acids (MUFA) in the control group 
(P=0.013) and for dietary fiber in the symbiotic group 
(P=0.022) (Table 2). Based on the three-day dietary 
records throughout the study, no statistically significant 
difference was seen between the two groups in terms 
of dietary intakes of energy, carbohydrates, protein, 
fat, saturated fatty acids (SFA), polyunsaturated fatty 
acids (PUFA), MUFA, cholesterol and dietary fiber. 

However, consumption of a synbiotic food did 
not show any significant impact on insulin actions in 
the synbiotic group; compared to the control food, 
it resulted in a significant decrease in serum insulin 
levels (-0.26 vs. 6.34 μIU/mL, P=0.014), HOMA-IR 
(-0.13 vs. 1.13, P=0.033), a significant difference in 
HOMA-B (5.30 vs. 34.22, P=0.040) and a significant 
rise in QUICKI score (0.002 vs. -0.02, P=0.022) 
(Table 3). We did not find a significant effect of the 
synbiotic food consumption on FPG and serum hs-
CRP levels. Within-group differences in the control 
group demonstrated a significant increase in serum 

Table 1. General characteristics of the study participants

control  
food

(n=26)

Synbiotic 
food

(n=26)

P

Maternal age (y) 29.0±4.6 26.4±6.3 0.097

Height (cm) 160.0±6.1 160.5±7.3 0.805

Pre-pregnancy weight (kg)* 67.1±10.6 64.8±13.3 0.478

Weight at study baseline (kg) 72.2±11.5 71.9±14.2 0.935

Weight at end-of-trial (kg) 75.6±11.5 75.6±13.5 0.997

Pre-pregnancy BMI (kg/m2)* 26.2±3.7 25.1±4.8 0.381

BMI at study baseline (kg/m2) 28.2±4.1 27.9±5.1 0.851

BMI at end-of-trial (kg/m2) 29.5±4.1 29.4±4.9 0.916

Data are means± standard deviation. P-values were derived 
using independent t test.
*Based on participants’ measured weight and height as registered 
in their records in the maternity clinics.
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insulin levels (6.34 μIU/mL, P=0.003), HOMA-IR 
(1.13, P=0.017), HOMA-B (34.22, P=0.002) and a sig-
nificant decrease in QUICKI score (-0.02, P=0.006).

When the analyses were adjusted for baseline 
values, no significant changes in our findings were 
observed (Table 4). Furthermore, control for ma-
ternal age did not alter in our findings except for 
HOMA-IR (P=0.052).

dIscussIon

Our study revealed that the intake of synbiotic 

food for 9 weeks among pregnant women in the 
third trimester resulted in a significant reduction of 
serum insulin levels, HOMA-IR, HOMA-B and a 
significant elevation of QUICKI score compared to 
the control food, but did not affect FPG and serum 
hs-CRP levels. However, earlier studies on the effects 
of synbiotics have mostly been assessed in vitro29 and 
patients with multiple injuries;30 thus, to the best of 
our knowledge, this study is the first examining the 
effects in pregnant women.

Pregnant women are very susceptible to insulin 
resistance and increased inflammatory factors, es-

Table 2. Dietary intakes of study participants during the run-in period and throughout the study

control food Synbiotic food P**

run-in  
(n=26)

Throughout  
the study (n=26)

P* run-in 
(n=26)

Throughout  
the study (n=26)

P*

Energy (kcal/d) 2324±203 2384±237 0.542 2370±141 2396±239 0.368 0.659

Carbohydrates (g/d) 326.8±30.2 326.4±45.1 0.955 323.2±48.9 337.3±39.6 0.315 0.363

Protein (g/d) 88±9.5 88±13.2 0.991 85.1±18.9 93.6±21.4 0.099 0.143

Fat (g/d) 82.5±12.5 87.5±10.2 0.118 79.9±18.1 82.6±14.6 0.642 0.715

SFA (g/d) 23.8±5.6 26.3±3.8 0.067 22.8±7.4 24.1±5.6 0.488 0.609

PUFA (g/d) 27.6±6.4 25.9±5.5 0.279 27.6±6.7 23.6±5 0.067 0.372

MUFA (g/d) 21.7±5.1 25.4±5.9 0.013 20.9±7.5 22.8±6.9 0.407 0.504

Cholesterol (mg/d) 210.8±110.8 216.7±107.1 0.815 209.3±159.1 190.6±102.9 0.504 0.512

Dietary fiber (g/d) 18.1±4 19.5±4.2 0.180 17.9±4.8 20.5±3.8 0.022 0.397

Data are means± standard deviations.
*P-values were obtained via the paired t test. **P-values were obtained via the independent t test for the comparison of dietary intakes 
throughout the study between the two groups.
SFA: Saturated fatty acid; PUFA: Polyunsaturated fatty acid; MUFA: Monounsaturated fatty acid.

Table 3. Means (±standard deviation) of glycemic status and serum hs-CRP at baseline and after the intervention

control food (n=26) Synbiotic food (n=26) P

Wk0 Wk9 change Wk0 Wk9 change Time Group Time* 
Group

FPG (mg/dL) 72.80±10.36 69.92±14.81 -2.88±13.67 65.26±22.93 62.88±17.81 -2.38±23.39 0.325 0.070 0.925

Insulin, μIU/mL 9.40±7.89 15.74±15.19* 6.34±9.83 11.79±8.61 11.53±6.56 -0.26±8.72 0.022 0.717 0.014

HOMA-IR 1.63±1.29 2.76±3.10* 1.13±2.27 1.95±1.73 1.82±1.32 -0.13±1.86 0.088 0.515 0.033

HOMA-B 45.78±45.04 80.00±76.16* 34.22±49.43 63.72±41.76 69.02±51.92 5.30±49.31 0.006 0.801 0.040

QUICKI 0.37±0.04 0.35±0.05* -0.02±0.04 0.36±0.03 0.36±0.03 0.002±0.03 0.038 0.908 0.022

Hs-CRP, ng/mL 6733.0±4078.2 5664.7±3652.8 -1068.3±4148.1 5041.2±4053.3 4563.2±4124.6 -478.0±1581.6 0.082 0.175 0.501

P-values obtained from repeated measures ANOVA test.
FPG: Fasting plasma glucose; HOMA-IR: Homeostasis model of assessment-insulin resistance; HOMA-B: Homeostatic model 
assessment-Beta cell function; QUICKI: Quantitative insulin sensitivity check index; Hs-CRP: High sensitivity C-reactive protein.
*Different from wk 0, P <0.05.
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pecially in the third trimester. Insulin resistance and 
elevated inflammatory factors during pregnancy can 
result in several complications in mother and fetus.9,10 
We revealed that supplementation of the synbiotic food 
significantly decreased serum insulin levels, HOMA-IR 
and HOMA-B and increased QUICKI score compared 
to the control food, but did not affect FPG levels com-
pared with the control food. The beneficial effects of 
synbiotics and probiotics on serum insulin levels and 
insulin resistance have previously been reported. Our 
previous study among diabetic patients showed that 
consumption of a synbiotic food containing Lactobacil-
lus sporogenes (27×107 CFU) and 1.08 g inulin results 
in a significant decrease in serum insulin levels after 
6 weeks compared with the control food, but did not 
affect HOMA-IR score.21 Supplementation of Lacto-

bacillus acidophilus for 4 weeks among type 2 diabetic 
patients also preserved insulin sensitivity compared 
with the placebo group.31 Improved glucose tolerance 
and insulin resistance has also been observed follow-
ing consumption of several strains of bacteria, such as 
Lactobacilli and Bifidobacterium in animal models.32-35 
The administration of Lactobacillus reuteri in high 
fructose-fed rats for 12 weeks significantly suppressed 
the elevation of serum glucose and insulin levels as well 
as improving insulin resistance.36 Improved glucose 
tolerance and glucose-induced insulin secretion was 
also seen with the consumption of Bifidobacterium in 
diabetic mice fed a high-fat diet.33 Besides individual 
probiotics, a combination of their strains has also been 
suggested as being advantageous in reducing the onset 
of insulin resistance and diabetes in animal models. 
Intake of probiotics VSL#3 containing Bifidobacteria, 
Lactobacilli and Streptococcus thermophilus for 4 
weeks in diabetic mice improved hepatic insulin resist-
ance.37 The same findings have also been registered 
by consumption of Bifidobacterium breve B-3 at 108 or 
109 CFU/d for 8 weeks in mice fed a high-fat diet35 and 
Lactobacillus casei 0.05% for 4 weeks in mice.38 As is 
clear from the abovementioned studies, most studies 
have been done on animal models and limited data are 
available among humans. However, the consumption 
of probiotic supplements did not affect FPG, serum 
insulin levels and HOMA-IR among patients with T2D 
after 8 weeks compared with the placebo.39 Several 
mechanisms possibly account for the beneficial effects 
of synbiotic food on serum insulin levels and insulin 
resistance. The effects on insulin sensitivity might be 
attributed to their impact on gene expression that 
results in adiposity.40 Furthermore, SCFA production, 
especially butyrate, by probiotics promoted the release 
of the hormone glucagon-like peptide-1 (GLP-1) from 
intestinal L-cells resulting in improved glucose toler-
ance.25 In addition, the effect of synbiotics on changes 
in levels of gut hormones like peptide YY (PYY),41 
activation of lipopolysaccharide toll-like receptor-242 
and changes in the intestinal barrier integrity43 might 
provide some reasons for their effects on circulating 
insulin levels and glycemic status.

We demonstrated that the synbiotic food con-
sumption does not affect serum hs-CRP levels. In line 
with our study, intake of synbiotic did not promote 
any significant changes in inflammatory cytokines in 

Table 4. Adjusted changes in glycemic status and serum hs-CRP 
in pregnant women who received either synbiotic or control foods

control food 
(n=26)

Synbiotic food 
(n=26)

P

FPG (mg/dL)

Model 1* -0.41±3.04 -4.85±3.04 0.313

Model 2** -3.60±3.80 -1.66±3.80 0.724

Insulin, μIU/mL

Model 1 6.18±1.83 -0.09±1.83 0.020

Model 2 6.39±1.86 -0.30±1.86 0.016

HOMA-IR

Model 1 1.10±0.40 -0.09±0.40 0.044

Model 2 1.09±0.41 -0.09±0.41 0.052

HOMA-B

Model 1 34.04±9.88 5.47±9.88 0.049

Model 2 36.26±9.76 3.25±9.76 0.022

QUICKI

Model 1 -0.020±0.007 0.001±0.007 0.037

Model 2 -0.020±0.007 0.004±0.007 0.011

Hs-CRP, ng/mL

Model 1 -781.2±565.0 -764.2±565.0 0.983

Model 2 -107.3±630.7 -474.2±630.7 0.512

P-values obtained from ANCOVA.
FPG: Fasting plasma glucose; HOMA-IR: Homeostasis model 
of assessment-insulin resistance; HOMA-B: Homeostatic model 
assessment-Beta cell function; QUICKI: Quantitative insulin sen-
sitivity check index; Hs-CRP: High sensitivity C-reactive protein.
*Adjusted for baseline values (data are means± standard error), 
**Adjusted for maternal age (data are means± standard error).
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healthy elderly individuals after 3 months.23 Supple-
mentation of probiotic did not show any significant 
difference in serum hs-CRP levels among diabetic 
patients after 6 weeks compared with the placebo.44 
The same findings were recorded with consumption 
of Lactobacillus rhamnosus GG among patients with 
rheumatoid arthritis45 and the use of Lactobacillus 
plantarum in critically ill patients.46 However, intake of 
a synbiotic food containing Lactobacillus casei, Bifido-
bacterium breve and galacto-oligosaccharides resulted 
in serum hs-CRP levels among patients undergoing 
hepatobiliary resection.47 Similar findings have also 
been observed with consumption of a synbiotic food 
in patients with severe multiple injuries for 7 and 15 
days30 and a synbiotic containing Bifidobacterium, 
Lactobacillus and galacto-oligosaccharides among 
hepatectomized patients with or without liver cir-
rhosis.48 The absence of any effect in our own study 
of synbiotic food consumption on serum hs-CRP 
levels may result from the fact that our study design, 
patients under investigation as well as duration of 
supplementation differed from those of other studies. 
Several limitations must be considered in the inter-
pretation of our findings. First of all, due to budget 
limitations we unable to assess favorable effects of 
the synbiotic food on other inflammatory markers 
including IL-1, IL-6 and tumor necrosis factor alpha 
(TNF-α). Secondly, we could not assess the effects of 
synbiotic-containing food on pregnancy outcomes.

conclusIons

In conclusion, consumption of a synbiotic food for 
9 weeks by pregnant women had beneficial effects on 
insulin actions compared to the control food, but did 
not affect FPG and serum hs-CRP concentrations.
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