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Indoleamine 2,3-dioxygenase (IDO) is a tryptophan-degrading enzyme belonging to the kynurenine
pathway. IDO activity has been suggested as a biomarker for diagnosis of chronic kidney disease. The aim
of the study was to estimate the level of IDO, urea, creatinine, uric acid, phosphate, calcium, aloumin, MDA,
GSH, and activity of peroxidase, catalase, arylesterase in the serum of chronic renal failure (CRF) patients
treated with dialysis compared to the healthy control group. The results showed a significant increment in
IDO level in patients compared with the control. Linear regression analysis using the Pearson correlation
coefficient showed that increased IDO level correlates positively with urea, creatinine, uric acid, phosphate,
MDA level and peroxidase activity whereas negatively with albumin, calcium, glutathione level, catalase
activity and glomerular filtration rate. We concluded that IDO level might be a possible marker of oxidative
stress and inflammation in patients with CRF.
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analysis.

hronic renal failure disease (CRF) is defined
‘ as damage of the kidney or a decrease in

glomerular filtration rate (GFR) to be under
60 ml/min/1.73 m? for more than 3 months. CRF
disease usually becomes worse with age, high blood
pressure, diabetes, high levels of elements and glo-
merulonephritis [1, 2]. The kidney has a key role in
regulating fluids in the body, waste products and the
acid-base balance. Electrolytes and imbalances of
acid-base are the main causes related to bone demi-
neralization, catabolism of muscle, and elevated risk
of chronic kidney disease (CKD) and mortality [2].
Indoleamine-2,3-dioxygenase (IDO) contribute to
many processes including processes of immune like
infection, metabolism, inflammation and autoim-
munity [2, 3]. IDO is a heme enzyme responsible
for stimulating and maintaining immunosuppression
since it binds to nearly all the cells in the immune
system such as dendritic and monophyte cells, but
mainly, IDO affects lymphocytes [4]. IDO catalyzes
the breakdown of tryptophan (TRP) into kynurenic
acid, kynurenine (KYN) and quinolinic acid [5],
this immune enzyme has a key role in protecting
the fetus from rejection by suppressing maternal T
cells [6]. Also, the enzyme is associated with renal

fibrosis and diabetic kidney failure, and the activity
of the enzyme is dangerous for CKD, because it is
associated negatively with the kidney glomeruli and
glomerular filtration rate, and affects the severity of
the disease and inflammation of the kidneys, IDO
level is suggested as a new marker for chronic kid-
ney disease [6, 7].

Oxidative stress is related to many diseases,
such as atherosclerosis, hypertension, vascular
disease and anaemia, as well as the development
and complications of CKD, oxidative stress leads to
increasing the speed of progression of CKD [8].

Aim of research. Due to the increase in the in-
cidence of chronic renal failure in Iraq for the last
few years and since there are a few previous studies
on indolamine 2,3-dioxygenase enzyme and its rela-
tionship with oxidative stress, we evaluated its role
in CRF patients and its relationship with the oxida-
tive stress.

Material and Methods

The study included (88) healthy people (44 fe-
males, 44 males) aged (15-70 years) and (74) patients
(29 females, 45 males) suffering from chronic kidney
failure (CRF) disease and undergoing hemodialysis
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with age (15-70 years) from Ibn Sina Teaching Hos-
pital-Nephrology Unit in Mosul/lrag. This research
was approved by local Ethics Committee (Proto-
col No 22438 dated 06.07.2022).

The blood serum samples obtained from the
participants were analyzed to assess the following bi-
ochemical parameters. IDO level was estimated us-
ing Wuhan Fine Biotech Kit (China) using Enzyme-
Linked Immunosorbent Assay (ELISA) Technology.
The concentration of urea, creatinine, albumin, uric
acid, phosphate and calcium were estimated by using
BIOLABO kit (France), glutathione (GSH) concen-
tration was determined using Ellman reagent by a
modified method [9], malondialdehyde (MDA) con-
centration was estimated using thiobarbituric acid
by a modified method [10]. Also, peroxidase activity
was determined by enzymatic oxidation of hydro-
gen peroxide [11], catalase activity was determined
by colourimetric assay using hydrogen peroxide [12]
and arylesterase activity estimated using a modified
method by hydrolysis of phenyl acetate enzymati-
cally to produce acetic acid and phenol [13].

Glomerular filtration rate (GFR) is a measure
of blood filtration rate by the kidneys. To cal-
culate GFR, we used chronic kidney disease
epidemiology collaboration (CKD-EPI) equation.
For female (with creatinine < 62 pmol/l): GFR (ml/
min/1.73 m?) = 144x(Cr/61.6)7%3%x(0.993)"%; for
female (with creatinine > 62 umol/l): GFR (ml/
min/1.73 m?) = 144x(Cr/61.6)712%9x(0.993)"¢; for
female (with creatinine < 80 pmol/l): GFR (ml/
min/1.73 m?) = 141x(Cr/79.2)%411x(0.993)"%; for
female (with creatinine > 80 pmol/l): GFR (ml/
min/1.73 m2) = 141x(Cr/79.2)"2°9x(0.993)A% [14].

Analysis of data. The data of our study were
analyzed by Statistical Package for Social Sciences
(SPSS), mean and standard division calculated by
methods of Standard statistics. Anova one way was
used for comparing more than two variants.

To compare between two variants, T-test was
used and to find the relation between different pa-
rameters, the Pearson correlation coefficient (r) was
used. P < 0.05 was considered statistically signifi-
cant.

Results and Discussion

IDO level in the control group and CRF pa-
tients. As shown in Table 1, the level of IDO is
(4.74 £ 1.53 ng/ml) in healthy control, it was com-
parable with the concentration (4.78 + 0.15 ng/ml)
found by [15] and close to the concentration found
by [16] which was (2.60 + 1.29 ng/ml).
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Table 1. IDO level in CRF patients and control
group

IDO concentration, ng/ml (mean = SD)
Control (n = 88) \ Patients (n = 74)
474 £1.53 13.02 £ 4.88***

Note. ***Significant variance if P < 0.001, SD — stander
division

Also, our results found a significant increase
in IDO levels in CRF patients compared with con-
trol, as shown in Fig. This result was consistent with
[17, 18], CRF is a feature of immune imbalance and
insufficiency immune response.

IDO exert a key role in immune regulation and
promote an inflammatory state, and an increased
level of IDO indicate inflammation and an impaired
ability to immunoregulation in CRF patients, also,
IDO level correlate with renal ischemia and hypoxia
[28].

IDO level in CRF patients and control group
according to age. The results illustrated a significant
increase in IDO level with age in each group as in
Table 2, this result was in agreement with the study
conducted by Hong et al. [18].

Aging is associated with elevated levels of pro-
inflammatory cytokines which are associated with
age-related diseases such as CRF, and the number
of immunosuppressive cells increases during aging
so, IDO levels increase in inflammation and autoim-
mune disorders [19].

IDO level in CRF patients and control group
according to sex. Our results showed a non-signifi-
cantly variance in IDO level between the male and
the female in each group and these results were com-
patible with [7] that IDO level is not affected by sex
as shown in Table 3.
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Fig. IDO level in CRF patients and control. ***Sig-
nificant variance if P < 0.001
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Table 2.1DO level in CRF patients and control group according to the age

Age, year IDO level, ng/ml, (mean + SD)

' Control n \ Patients n
15-35 2.65+1.15 27 10.03 + 3.27 21
36-56 6.26 £ 1.86* 30 14.95 + 2 .34%* 28
57-77 7.20 £ 2.06** 31 18.09 £ 5.43%** 25

Note. *Significant variance vertically if P < 0.05, if **P < 0.01, if ***P <0.001

Table 3.IDO level in CRF patients and control
group according to the sex

Table 4.1DO level in CRF patients according to
dialyses

Sex IDO level, ng/ml, (mean + SD) IDO concentration, ng/ml (mean + SD, n = 66)
Control \ n \ Patients n pre-dialyses \ post-dialyses
Male 463+128 44 12.79+496 45 9.89 + 3.62 16.12 & 4.21%**
Female 512+182 44 1336+393 29 Note. ***Significant variance if P < 0.001

IDO level in CRF patients pre- and post-
dialyses. A significant increase was observed in IDO
level in post-dialyses patients when compared with
pre-dialyses patients as shown in Table 4, the results
from this study are consistent with one previous
study [20]. This increment in IDO level may be due
to the hemodialysis session which induces inflam-
mation and activation of the immune at a large scale
by the contact of the blood with strange surfaces
such as dialyzer tubing or membrane, and this may
induce IDO in CKD [21].

Biochemical parameters determined in CRF
patients and control. There was a significant in-
crease in urea, creatinine, and uric acid concentra-
tion in patients by comparison with control as shown
in Table 5. This might be due to the kidney failure
to remove these metabolic products from the blood
which leads to an increase in its concentration in the
blood [22].

Also, there was a significant decrease in al-
bumin concentration in patients compared with the
control as shown in Table 5, hypoalbuminemia is a
common phenomenon in CRF, albumin decreased in
CRF patients because of reduced synthesis and in-
creased degradation of albumin, serum albumin rep-
resents a marker of malnutrition and inflammation,;
and powerful predictor of mortality in CRF [23].

A significant decrease in GFR was found in the
patients compared with the control group, which is
consistent with [24], decline in GFR indicates the
impairment of the mulfunction of the nephron and
this might result from diabetic nephropathy or hy-
pertension or increases in protein concentration
which increase glomerular capillary pressure [25].

In patients, phosphate concentration increased
significantly compared with the control, hyperphos-
phatemia may be due to kidney failure to excrete
extra phosphorus from the body and also, due to

Table 5.Biochemical parameters in CRF patients and control (mean + SD)

Parameters Control (n = 88) \ Patients (n = 74)
Urea, mmol\l 4.68 +0.75 24.59 + 7.99%**
Creatine, mmol\l 77.80 £ 11.46 909.5 & 277.2%**
Albumin, g\l 34.67 £2.71 28.25 + 8.06**
GFR, pmol/l 99.13 £ 19.78 5.23 £ 1.66***
Uric acid, mmol/I 300.60 + 48.36 35770 + 78.75*
Phosphate, mmol/I 1.04 £0.14 1.40 £ 0.56*
Calcium, mmol/I 1.19 £ 0.06 0.91 £ 0.23%%*%*

Note. **Significant difference if P < 0.01, *** if P < 0.001
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Table 6. Oxidants and antioxidants level in CRF patients and control (mean + SD)

Parameters Control (n = 88) \ Patients (n = 74)
MDA, pumol/l 2.13+£0.94 5.36 £ 1.39%*
Peroxidase, umol/l 43.03 £ 18.73 112.50 + 39.87***
Glutathione, pmol/I 1713 + 5.84 10.63 £ 3.01%**
Catalase, pmol/l 6.10£1.95 3.89 £ 1.08%*
Arylesterase, U/ml 98.56 + 24 .91 61.34 &+ 20.52%*

Note.**Significant difference if P < 0.01, *** if P <0.001

hyperparathyroidism which results from CRF and
affects bone morphology in patients with chronic
kidney disease, which includes fibrous osteitis and
mixed renal osteonecrosis [26], also the calcium con-
centration decreases significantly in patients com-
pared with the control, in CRF patients, production
of active vitamin D decrease by the kidney which
results in decrease absorption of calcium and causes
hypocalcemia [27].

Oxidants and antioxidants concentration in
CRF patients and control. The results in Table 6
showed a significant increase in malondialdehyde
(MDA) and peroxidase in patients compared with the
control. Increased peroxidase and MDA are caused
by inflammation and malnutrition, which leads to
decreased oxidative defence and promote oxidative
stress in renal failure patients [28].

Glutathione (GSH) concentration showed a sig-
nificantly decreasing in patients than in control, glu-

tathione as an antioxidant act to scavenge free radi-
cals and decline lipid peroxidation, also glutathione
decreases oxidization of LDL, so its level lower in
comparison with the other antioxidants, which make
it a more stable marker of antioxidant status [29].
Also, catalase and arylesterase activity showed a
significant decreasing in patients when compared
with control, this may be because of the enzyme in-
hibition by free radicals which increase in patients
with CRF and react with free sulfhydryl group of
arylesterase [30, 31].

Correlation between IDO level and biochemi-
cal parameters in CRF patients and control group.
Our results showed a positive correlation between
IDO level and urea, uric acid, phosphate, and MDA
concentration in patients and control, and with cre-
atinine, and peroxidase activity in patients, while
there was a negative correlation as in Table 7 be-
tween IDO level and concentration of albumin, cal-

Table 7. Correlation of IDO level with biochemical parameters

Parameters Control group (n = 88) Patients (n = 74)
R | P r | a
Urea 0.56* 0.029 0.715** 0.002
Creatinine 0.318 0.247 0.675** 0.008
Albumin -0.656** 0.007 -0.670** 0.006
GFR -0.535* 0.048 -0.515* 0.049
Uric acid 0.568* 0.026 0.546 * 0.035
Phosphate 0.540* 0.037 0.678** 0.005
Calcium -0.533* 0.049 -0.523* 0.045
MDA 0.59* 0.012 0.631** 0.006
Peroxidase 0.484 0.056 0.509* 0.043
GSH -0.29 0.423 -0.33* 0.012
Catalase -0.566* 0.011 -0.647** 0.004
Arylesterase -0.29 0.275 -0.33 0.248

Note. *Significant variance if P < 0.05, ** if P < 0.01
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cium, catalase activity, GFR in each group and GSH
in patients.

IDO limits the catabolism rate of tryptophan,
which is an essential amino acid and important to
survival and immune cell proliferation. The disorder
in the metabolism pathway of tryptophan can lead to
many diseases, such as CRF. Also, CRF is strongly
caused by chronic inflammation, which increases the
level of IDO and can cause kidney failure to remove
wastes from the blood, such as urea, creatinine, and
uric acid which result in increasing their concentra-
tion in blood and loss of albumin from the body, with
decline in GRF [32].

IDO levels correlate positively with phosphate
and negatively with calcium. Many studies show
that the elevated level of kynurenine might reduce
stiffness and strength of the bone, and change the
metabolism of bone, which is common in CRF pa-
tients and known as “chronic kidney disease (CKD)-
mineral and bone disorder” [33].

The production of antioxidant impaired in CRF
patients on hemodialysis and uremic toxins accu-
mulation increase oxidative stress and production
of ROS, which results in provoking inflammatory
responses [34].

Also, inflammation induces oxidative stress so,
oxidative stress and inflammation are related to poor
clinical results in CRF patients on hemodialysis, in-
fections and oxidative stress are the first mechanisms
that activate IDO so the production of kynurenine
mighty be induced by oxidative stress, and trypto-
phan to kynurenine ratio can indicate to oxidative
stress state in CRF patients [35].

Also, 3,3-hydroxy anthranilic acid, one of
tryptophan metabolite, is physiologically unstable
and produces ROS and increases lipid peroxidation
which results in increasing MDA concentration and
free radicals, which in turn increase peroxidase ac-
tivity to remove these free radicals and can cause
depletion in antioxidants such as GSH and catalase
[36].

Conclusion. IDO level could be a marker of
inflammation in CRF undergoing hemodialysis, and
there was a strong relation between IDO level and
oxidative stress, thus tryptophan to kynurenine ra-
tio may indicate the oxidative stress state in CRF
patients.
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Inmomeamin-2,3-miokcurenasa (IDO) — ne en-
3UM, L0 PO3KJaAae TpUNTOpaH 1 HAJNEKUTH [0
KiHypeHiHOBoro uwisxy. AktuBHicTH [IDO Oyrna
3alpONOHOBAaHA K OiOMapKep s JiarHOCTUKHU
XPOHIYHOT XBOPOOM HUPOK. METO TOCIiKEeHHS
Oyuno ominuTu piBeHsb /10, ceyoBuHH, KpeaTHUHIHY,
cedoBoi KUCIOTH, (ocdary, Kajbllito, anp0yminy,
MJA, I'CI, akTUBHOCTI NepOKCHIa3MW, KaTaya-
3W, apuiieCTepa3d B CHPOBATIII KPOBI IMAIli€HTIB 3
XPOHIYHOIO HUPKOBOKO HepoctaTHicTio (XHH), siki
MPOXOJIMIIN JIIKYBaHHS JiaJli30M y TOPiBHSHHI 31
3I0POBOI0 KOHTPOJIBHOIO TpyIoto. Pesynbraru mo-
Ka3aiu 3HauHe 30inbmeHHs pisHg [DO y manieHTiB
MOPIBHSHO 3 KOHTpOJeM. AHai3 JiHiiHOT perpecii
3 BUKOPHCTAaHHAM Koedimienta xopensii [lipcona
MOKa3aB, IO MABUIECHUNW piBeHb IDO mO3UTHB-
HO KOPEJIIO€ 3 CEYOBHHOIO, KPEaTHHIHOM, CEYOBOIO
KHCII0TOI0, Gocdarom, piBHeM MDA Ta akTHBHic-
TIO IEPOKCHIA3H, TO1 SIK HEraTUBHO KOPEJIOE 3 PiB-
HEM allbOyMiHY, KaJbllif0, [Ty TaTiOHY, aKTUBHICTIO
KaTajgasd Ta MBUIKICTIO KIyOOUKOBOI (iIBTpaItii.
3pobneHo BUCHOBOK, mo piBeHb IDO moxe OyTu
MOJINBUM MapKepOM OKHCIIOBAJIBHOTO CTpecy Ta
3amaneHHs y nauientis i3 XHH.

KnwuoBi CIo0OBa: 1H10JIaMIH-2,3-
JIIOKCUTEHAa3a, HUPKOBA HEJOCTATHICTh, CHPOBATKA
KpOBi, 010XiMI4HI MOKA3HUKH, KOPEISLiIHHUN aHa-
JI13.
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