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Degradation of Purine Nucleotides

Dietary nucleic acids degradation occurs in the small intestine by a family
of pancreatic enzymes (nucleases and phosphodiesterases) that hydrolyze
the nucleic acids to nucleotides.

In the intestinal mucosal cells, purine nucleotides are degraded by
nucleotidases to nucleosides and free bases, with uric acid as the end

product of this pathway.

Purine nucleotides from de novo synthesis are degraded in the liver
primarily.

The free bases are sent out from liver and salvaged by peripheral tissues
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B The complement in this slide: Nucleotides are degraded either in hepatocytes or intestinal cells or
other places. The scheme of degradation is simple. We have nucleotides that contain nitrogen

bases, phosphates, sugars = 1%t remove phosphate = 2" remove sugar = 3" degrade nitrogen
bases (purines into uric acids)
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Degradation of Purine Nucleotides

A. Degradation of dietary nucleic acids in the small intestine

Ribonucleases and deoxyribonucleases, secreted by the pancreas,
hydrolyze dietary RNA and DNAto oligonucleotides.

Oligonucleotides are further hydrolyzed by pancreatic phosphodiesterases,
producing a mixture of 3'- and 5'-mononucleotides.

In the intestinal mucosal cells, nucleotidases remove the phosphate
groups hydrolytically, releasing nucleosides that are further degraded to free
bases.

Dietary purine bases are not an appreciable source for the synthesis of tissue
nucleic acids.

Dietary purines are generally converted to uric acid (excreted in urine) in

| ‘ ‘ ‘ | | URINE




/lThe complement in this slide: Degradation of Purine include: 1. digestion from dietary resourc)

2. degradation as Part of Metabolism (excretion if we have high amounts)

- If we get these nucleotides from dietary resource (we consume them as nucleic acids i.e. DNA
or RNA) -9degraded 5 gligonucleotides (10 nucleotides) by Pancreatic enzymes called
Nucleases.

Simplified

- Oligonucleotides --=---*-------- > Mononucleotides by another Pancreatic enzymes called
phosphodiesterases.
Inside the Cells:

mononucleotides (from diet, synthesized, or the degradation of mRNA(endogenous source) !!)

\are degraded by nucleotidases to nucleosides and inorganic phosphatf /

< /
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B NOTE: as we know mRNA are used in translation process, to synthesize proteins. As long it is
in cytosol, it will be active and produce proteins unless it is deactivated by microRNA; to

degrade them into nucleotides.
\_ J




/M NOTE: Pancreatic )
enzymes we took so far:
Proteases, lipases,
amylases, nucleases,

\_ phosphodiesterase. Y,

Degradation of
Purine Nucleotides

B. Formation of uric acid

/

L

B NOTE:
B Nucleotidase --> nucleoside+ phosphate
B Nucleosidase --> sugar + nitrogenous base

ADENOSINE DEAMINASE (ADA) DEFICIENCY

® This autosomal recessive deficiency causes a
type of severe combined immunodeficiency (SCID),
involving T-cell, B-cell and NK-cell depletion

(lymphocytopenia).
® Untreated ADA-deficient children usually die before

2 years of age from overwhelming infection;

treatments include BMT, ERT and gene therapy.
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GOUT

® This disorder is characterized by hyperuricemia
with recurrent attacks of acute arthritic joint
inflammation, caused by deposition of mono-
sodium urate crystals.

® In gout, the hyperuricemia results primarily from
the underexcretion of uric acid. Overproduction
of uric acid is less common, and known causes
involve certain inborn errors of metabolism or
increased availability of purines.

® Crystal deposition (tophi) may be seen in soft
tissue and in kidney (urolithiasis).

® Treatment with allopurinol inhibits xanthine
oxidase, resulting in an accumulation of

hypoxanthine and xanthine—compounds more

soluble than uric acid.

PURINE NUCLEOSIDE
PHOSPHORYLASE (PNP)
DEFICIENCY

@ This autosomal recessive
deficiency is rarer and less
severe than ADA deficiency.

¢ Affects only T-cells.

® Characterized by recurrent
infections and neuro-




Degradation of Purine Nucleotides

B. Formation of uric acid

1 Anamino group is removed from AMP to produce IMP by AMP deaminase, or from adenosine
to produce inosine (hypoxanthineribose) by adenosine deaminase.

2 IMP and GMP are converted into their nucleoside forms—inosine and guanosine—by the action
of 5'-nucleotidase.

3 Purine nucleoside phosphorylase converts inosine and guanosine into their respective purine
bases, hypoxanthine and guanine.

Note: Amutase interconverts ribose 1- and ribose 5-phosphate.
4 Guanine is deaminated to form xanthine.

5 Hypoxanthine is oxidized by xanthine oxidase to xanthine, which is further oxidized by xanthine




Ahe complement in this slide: Purines are degraded into the same product (Uric Acid), hencem
pathways should meet at one point.

H 1. GMP:
GMP - Guanosine by nucleotidase (removing phosphate as inorganic phosphate)
Guanosine = Guanine by Purine nucleoside phosphorylase (removing sugar using the free

phosphate) dalley cpday Sl yawdy
* Sugar is released as phosphorylated Ribose (Ribose-1-phosphate)
* Nucleotidase & Purine nucleoside phosphorylase are general enzymes (work on GMP & AMP)

Guanine = xanthine releasing free NH3 by Guanase

Xanthineo%’f'éqa-:-l'io-g? Uric acid oxidation rxn by xanthine oxidase (important enzyme)

Qe produced H202 (ROS molecule) as a side product. /




Fhe complement in this slide: \
H 2. AMP:

AMP -2 Adenosine by neucleotidases, then we modify nitrogenous bases after that we remove
the sugar.
Adenosine =2 Inosine by adenosine deaminase (removing NH3)
Inosine = Hypoxanthine by Purine nucleoside phosphorylase (removing the sugar)
*The sugar is released as Ribose-1-phosphate
The same enzyme ‘sXanthine Oxidase) will work on the 2 coming rxns :

. Oxidation . __ Oxidation . .
HypoXanthine 5 9|—|zoz> Xanthine 35"-')'H'§'62> Uric Acid
* 2 H202 are produced

3. AMP can be deaminated = IMP by AMP deaminase

Then IMP ---> Inosine (same intermediate) ----> .. -—-> .. ----> Uric acid (same reactions)
@hine acts as a connection point between GMP and AMP degradative pathways. /




Diseases assoclated with purine degradation

1. Gout: high levels of uric acid in blood (hyperuricemia)

Hyperuricemia due to either the overproduction or underexcretion of uric .

Hyperuricemia lead to the deposition of monosodium urate crystals in th v(
joints, and an inflammatory response to the crystals, causing first acute a ' ‘

then chronic gouty arthritis.

A e,

Figure 22.16
Tophaceous gout.

Nodular masses of monosodium urate crystals (tophi) may be deposited in ﬁ Attachment:
the soft tissues, resulting in chronic tophaceous gout

In excretion, its concentration in the urine will increase, leading oversaturation
Formation of kidney stones(Uric acid stones) in the kidney (urolithiasis).

There are many types of kidney stones, and they differ in their properties
Hyperuricemia is typically asymptomatic and does not lead to gout,
but gout is preceded by hyperuricemia.

Uric acid
accumulation

Swollen and
inflamed joint

2

R Uric acid
i



Diseases assocliated with purine degradation

B NOTE: monosodium
urate crystals

BTN I U Y ™ T

Arthrocentesis: Joint aspiration,
. a procedure whereby a sterile

1' GOUt' needle and syringe are used

to drain fluid from a joint.

Diagnosis of gout requires aspiration
and examination of synovial fluid
from an affected joint (or material
from a tophus) using polarized light Bl
microscopy to confirm the presence
of needle-shaped monosodium urate

CryStaIS Figure 22.17 Figure 22.18
Analysis of joint fluid can help to Gout can be diagnosed by the
define causes of joint swelling or presence of negatively birefringent
arthritis, such as infection, gout, monosodium urate crystals in
and rheumatoid disease. aspirated synovial fluid examined

by polarized-light microscopy.
Here, crystals are within poly- !

morphonuclear leukocytes.




Causes of hyperuricemia

Underexcretion of uric acid:
Most gout patients In the vast majority of patients,
Underexcretion can be primary (due to unidentified inherent excretory defects)

Or secondary to: 1. Aknown disease that affects the kidney function in handling urate, such as
lactic acidosis (lactate and urate compete for the same renal transporter)

2. Environmental factors such as drugs (thiazide diuretics)

3. Exposure to lead (saturnine gout)

Overproduction of uric acid: less common.
Several identified mutations in the X-linked PRPP synthetase gene that increase PRPP

production
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B The complement in this slide: the treatment depends on the reason whether it is
overproduction or under excretion of Uric Acid

B Overproduction : inhibit the degradation of Purine especially Xanthine Oxidase (Uric Acid
synthesizer)

B Underexcretion: Drugs that stimulate more excretion of Uric Acid (thiazide diuretics Js: s).

B Urea and Uric acid are different structures.
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Pyrimidine Synthesis

o . . " Amide nitrogen
The pyrimidine ring is synthesized before being attached (R-group) of
to ribose 5-phosphate B
\ NG
Ribose 5-phosphate is donated by PRPP. L L <— Aspartic acid
A
€0,
/l NOTE: de novo pathway of pyrimidine is simpler than A
purine synthesis. Figure 22.19
B Components used : Glutamine, Aspartic Acid, CO, . Sources of the individual atoms in
*we used also Glycine & formyltetrahydrofolate in the pyrimidine ring.
urine synthesis &
 purine synthesis © y




Pyrimidine Synthesis

A. Synthesis of carbamoyl
phosphate

The regulated step of this
pathway in mammalian cells is
the synthesis of carbamoyl
phosphate from glutamine and
CO2

CPS Il is inhibited by UTP (the
end product of this pathway)
CPS Il is activated by PRPP

2 ADP + P,

+ Glutamate NH2

1
2 ATP +CO, P C=0
+Glutamine e > O

phosphate 50,2
synthetase Il POs
' Ca
phosphate

09

Aspartate P, Co H* H,0 o}
\ A 5 il GHy \ A 5, HN H,
Aspartate 0=C_ _CH Dihydroomtase oi\ '(-:|00‘
transcarbamoylase u COO~ g
Carbamo
e ey' Dlhy@roomtate

OROTIC ACIDURIA

REGULATION OF PYRIMIDINE SYNTHESIS

® In mammalian cells, carbamoyl phosphate
synthetase Il is inhibited by UTP and activated
by PRPP.

is inhibited by CTP and is the regulated step.

® In prokaryotic cells, aspartate transcarbamoylase

® Orotate phosphoribosyitransferase and OMP
decarboxylase are separate domains of a single
polypeptide—UMP synthase.

® Low activities of orotidine phosphate decarboxylase
and orotate phosphoribosyitransferase result in
poor growth, megaloblastic anemia, and the

excretion of large amounts of orotate in the urine. FAD
® Administration of uridine results in improvement
o of the anemia and decreased excretion of orotate.
FA
HN | Dihydroorotate S
J HN | dehydrogenase
N
Ol\N COO™ ' o
0,POH,C O CO, Z0,POH,C O PP;  PRPP
< R < HN |
OMP decarbaxylase Orotate phosphoribosyl- O'l\ 00~
transforase N c
HO OH HO OH H
Uridine 5'-monophosphate Orotidine 5'-monophosphate Orotate
(U'ill":.)p S (OMP) i
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i NHp  Aspartate P, -°~g H K0 0 "
. l= \CH2 HN
We start with ZA:TP, iﬁ,m‘i,?: g S +WL> :zé\N/QH +L) oJ\ goo i
CO2 and Glutamine poseh pRE i T N oo :
' Ca Carbamoyl Dihydroorotate
\_ ) ﬁ prospha ; seperie ul
/l The complement in this slide: Carbamoyl phosphate is synthesized from Phosphate + Glutamine +\
CO, by CPS II.
B *Remember, we took CPS | in Urea Cycle, CPS | work on free NH; while CPS Il take NH; from
Glutamine.

B Carbamoyl Phosphate = Carbamoyl aspartate, by reacting with Aspartate & releasing
Phosphate. Enzyme used Aspartate transcarbamoylase

H * Now we have 6 atoms for the pyrimidine cycle, then enzyme dihydroorotase will induce
dehydration rxn <& 4133 and close the ring ---> Dihydroorotate.

\l /
P




Pyrimidine Synthesis

e
2 ADP +P; b
+ Glutamate NHo Aspartate  P; g H* H,0 0
1 ~
2 ATP +CO, A c=0 S A \ A [ HNT YHe
+ Glutamine Carbamoy! £z 9 Aspartate O0=C_ _CH Dihydr - oi\ COCH 5
phosphate POg2-  transcarbamoylase N° “coo” N
synthetase Il H
Cal Carbamo Dihydroorotate
jL phosphate aspanatgl

OROTIC ACIDURIA

| REGULATION OF PYRIMIDINE SYNTHESIS

© In mammalian cells, carbamoy! phosphate
synthetase Il is inhibited by UTP and activated
by PRPP.

is inhibited by CTP and is the regulated step.

® In prokaryotic cells, aspartate transcarbamoylase

® Orotate phosphoribosyltransferase and OMP
decarboxylase are separate domains of a single
polypeptide—UMP synthase.

® Low activities of orofidine phosphate decarboxylase
and orotate phosphoribosyitransferase result in
poor growth, megaloblastic anemia, and the

excretion of large amounts of orotate in the urine. / FAD
® Administration of uridine results in improvement
o of the anemia and decreased excretion of orotate. \
HN FADH,
- § | HNT
N y
O'l\ N COO™ A o
0,POH,C O co, Z0POH,C O PP;  PRPP
< < \ / HN I
> OMP decarbaxylase > Orotatz fln;sphabosyl- OJ\N COO-
erase
HO OH HO OH H
Uridine 5'-monophosphate Orotidine 5'-monophosphate Orotate
(Ulll"’)p S (OMP) i

B. Synthesis of orotic acid

The enzyme that produces orotate,
dihydroorotate dehydrogenase, is
associated with the inner mitochondrial
membrane.

All other enzymes in pyrimidine
biosynthesis are cytosolic.

The first three enzymic activities in this
pathway (CPS 11, aspartate
transcarbamoylase, and dihydroorotase)
are three different catalytic domains of a
single polypeptide chain (CAD)
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B The complement in this slide: Now Dihydroorate is the first cycle compound, we
need to modify it for the formation of pyramidines (Uracil, Thymine,
Cytosine).

. Oxidation .
B Dihydroorotate ------------ > Orotate}Enzyme Dihydroorotate Dehydrogenase

FAD Reduction cappo

\ /




Pyrimidine Synthesis

/ FA
HN I : Dihydroorotate i
j\ Removed HN dehydrogenase
o L« |
(G0
- N
20,POH,C O 00(‘ 20,POH,C O PP,  PRPP - R
< OMP decarbaxylase ; Orotat: phospharibosyl- Ol\N | T
ansferase
HO OH HO OH H
Uridine 5'-monophosphate Orotidine 5'-monophosphate Orotate
(Ull:f (OMP)

C. Formation of a pyrimidine nucleotide

The completed pyrimidine ring is converted to the nucleotide orotidine 5'-monophosphate (OMP), or
the parent pyrimidine mononucleotide.

The reaction releases pyrophosphate, thus, it is irreversible.

Both purine and pyrimidine synthesis require GIn, Asp, and PRPP as essential precursors.

Qrotate ihosihoribosil transferase.and orotidilate decarboxilase are catalitic domains.of a sinile




/f The complement in this slide: _ \
B a Phosphorylated Sugar from PRPP will be added to Orotate forming OMP(the first
nucleotide that is formed) by Orotate phosphoribosyl transferase.
*PRPP & PRPP synthetase enzyme are not used as an initial step in pyrimidine synthesis,
unlike Purine synthesis. In Purine synthesis, we synthesized PRPP then | start the building

of nitrogenous base on it but in pyrimidine, we formed nitrogenous base (not in the final
form(not A,C,U)) then we added PRPP.

\l UMP is a branching point in the pathway, like IMP in purines /

4 )

 Thymine can be produced by methylation (adding methyl)

« Cytosine can be produced by removing O and adding NH2
group

\_ J

DNA Pyrimidmnes




s and Meta bolism

Pyrimidine Synthesi

FA
HN I Dihydroorotate ot
dehydrogenase
N
One phosphate
and 20POH,C O 00'{# 20,POH,C O PP,  PRPP = R
Ribose sugar < OMP decarbaxylase Orotate phospharibosyl- J\ | _
. transferase O N CoO
Nitrogenous base 50 OH 4o Od H
Uridine 5'-monophosphate Orotidine 5'-monophosphate Orotate
(um?f (OMP)

Orotic aciduria, a rare genetic defect, caused by a deficiency of one or both activities of the bifunctional UMP
synthase resulting in orotic acid in the urine

UMP is phosphorylated to UDP and then UTP.

The UDP is a substrate for ribonucleotide reductase, which generates dUDP.

The dUDP is phosphorylated to dUTP, which is rapidly hydrolyzed to dUMP by UTP diphosphatase (dUTPase).

dUTPase reduces the available dUTP for DNA synthesis, thus preventing incorporation of uracil into DNA.




Pyrimidine Synthesis

UTP
Glutamine ATP
: - - : CTP synthetase
D. Synthesis of UTP and cytidine triphosphate (CTP)
Glutamate” | ADPP+Fi
Some CTP is dephosphorylated to CDP (a substrate for
ribonucleotide reductase) CTP

dCDP can be phosphorylated to dCTP for DNA synthesis. Figure 22.22

Synthesis of CTP from UTP. [Note:
CTP, required for RNA synthesis,
is converied to dCTP for DNA
synthesis.]




- - N\
Glutamine ATP
B The complement in this slide:
SUE ST B In order to continue toward the synthesis of cytosine we
S ADP + P, have.to use UTP not.UMP, so | have to phosphorYIate it.
B The first phosphate is added by specific enzyme (if u
remember purines, we also added the first phosphate by
CTP specific enzyme)
B The second one is added by non-specific enzyme.
B As we said we have to add amino group to produce CTP.
Figure EIE-EE B The source of amino group is glutamine which will be
Synthesis of CTF from UTP. [Note: converted into glutamate by an enzyme called CTP
CTP, required for RNA synthesis, :
is converied to dCTP for DNA. synthetase. (anabolic pathway so we used energy as well)

synthesis.] K /




Pyrimidine Synthesis

dUMP |
E. Synthesis of thymidine monophosphate (TMP) from dUMP
o
olaie
Thymidylate synthase inhibitors include thymine analogs *
such as 5-fluorouracil (antitumor agents). i
s5-Fdump G
5-Fluorouracil (suicide inhibitor) is converted to 5-FdUMP that DHF
permanently binds to the inactivated thymidylate synthase DSTydrofolse
/NADPH +H
Methotrexate inhibits dihydrofolate reductase Motho.  |Dischoohis Tmemidisde
trexate reductase synthase
Methotrexate reduces THF, inhibits purine synthesis and prevents N NADP*
methylation of dUMP to dTMP, resulting in DNA synthesis K Tm,,;f,m,ome
Inhibition and cell growth slow down . THF A4
dTMP

5-Fluorouracil and Methotrexate are anti cancerous agents




dUMP

B The complement in this slide:
NS,N'C-Methylene- B In thymine synthesis we can't use UMP or UTP so we use dUMP
(7 tetrahydrofolate (remember Ribonucleotide reductase (RR) can work on all
Efhiormemcl B oo U Bsebeti s Uop s QU e dUNIP
5-FdUMP ° { enzyme reduce it phosphate
DHE B dUMP ----—---—--—--- > dTMP, this methylation reaction is catalyzed
Dihydrofolate by Thymidylate synthase.
NADPH + H* B The source of methyl is tetrahydrofolate that carries it in the
form of methylene-tetrahydrofolate.
Metho- g |Dihydrofolate Thymidyiate B If we look at the structure of methylene-tetrahydrofolate we

trexate Prise.  syhas) will notice that the carbon is attached to N5 and N° (less

NADP*+ number of hydrogen on it), so if | want to take CH3 | will have to
K take H from tetrahydrofolate releasing it as Dihydrofolate.
L it B | need to recycle it to tetrahydrofolate so | can use it again, so |
THF d:lm, reduce it by Dihydrofolate reductase, oxidizing NADPH

B We used NADPH in purines as well.




The complement in this slide:

Methotrexate as we said before it works in purine synthesis on the steps that have N5,N10-
tetraydrofolate stopping the formation of Aand G

But here it will stop the coenzyme regeneration (inhibit dihydrofolate reductase)

not thymidylate synthase.

So, it is going to inhibit dihydrofolate reductase resulting in higher concentration of
dihydrofolate that can't be loaded with methylene, affecting the thymine synthesis.

So, methotrexate act on the synthesis of A, Gand T.

Another anti cancerous agent called Fluorouracil that inhibit thymidylate synthase, so it
interferes with the formation of thymine.
Now, why uracil is not found in DNA since we have the deoxy form of it?

Because there is an enzyme called dUTPase that degrades dUTP, preventing it incorporation with
DNA structure.
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B NOTE: let's assume that we are going to synthesize
nucleotides in hepatocytes to make a comparison . C PS ‘ Ve rS u S C PS | |
& _J ;
ﬁ NOTE: how the cell can know that if the carbamoyl cPsi Sazl
phosphate is for urea cycle or pyrimidine synthesis?
B By something called Spatial regulation ~Sall auatil) | Cellular | Mitochondria| Cytosol
B CPSlis found in the mitochondria while CPS Il in the location
cytosol. Pathway | Ureacycle | CHUTCCce
B CPS | take ammonia from free ammonia while in CPS Il the
source of ammonia is derived from the amide group of ﬁm‘nﬁf Ammonia Amide
\ glutamine. / g:ﬁ;’:ﬂﬂe
Carbamoyl phosphate, which is synthesized by Regulators Activator: Activator-
CPS I, is a precursor of urea. gutnite | FRPP
Inhibitor:
utpe

Defects in ornithine transcarbamylase of the . » _

.. i UTP as inhibitor because it is the first type of
urea CyC|e promoFe_ py“mldme SyntheSIS due to pyrimidine nucleotides that appear during this
Increased availability of carbamoyl phosphate. synthetic pathway




Pyrimidine Salvage and Degradation

Salvage:

Few pyrimidine bases are salvaged in human cells.

Mechanism:

Nucleoside kinases
Pyrimidine nucleosides » Nucleotides
ATP

Degradation:

The pyrimidine ring is opened and degraded to highly soluble products (B-alanine and
B-aminoisobutyrate) with the production of NH; and CO..




B The complement in this slide:
B In purines we do salvage for nitrogenous base, but in pyrimidines we do salvage for nucleosides.
B In pyrimidine salvage we add phosphate group by kinase enzyme, phosphate from ATP.

Adenosine is the only purine nucleoside to be salvaged.
It is phosphorylated to AMP by adenosine kinase. Slide 14

Bl Adenosine(the only purine) can be salvaged by 2 ways either by PRPP add to the nitrogenous base or
by phosphorylated (nucleoside --> nucleotide).

Degradation:

Pyrimidine degradation is similar to purine degradation ( | have to get rid of phosphate group by
nucleotidase then remove of the sugar by nucleosidase(nucleoside phosphorylase)) by the way the
released Ribose-1-phosphate is isomerized to Ribose-5-phosphate by mutase enzyme.

Then | have the ring structure, so the first step is the open of the ring then cleavage.

Production of free NH3 and CO2 as a side products.

The main products are B-alanine and B-aminoisobutyrate.
All produce the same products(T,C,U) because they are similar to each other structurally.

Sade 2ddl Wgenl Al el o) Jolalle Sy (1 Vb 8ygi8s dole Cuals




Gout Purine synthesis as drug target I—— Purine base salvage pathways
Sulfonamides|| Methotrexate Hypoxanthine
most often caused less often caused by [Trl methoprim [ (humans) } L PRPP
¥ (bacteria) e
Urate T Urate have has i
excretion synthesis } L IMP
AMP GMP AMP GMP Antimicrobial Anticancer Guanine
action action
- : =] PRPP
Guanosine Guanosine because because
{ { i
Guanine Guanine Inhibition of synthesis of THF ]4‘ -
\ Adenosine leads to Adenine
Adenosine ¥ K PRPP
Inosine Inhibition of purine, PP.
Inosine [ TMP, and DNA synthesis ] AMP .
Hypoxanthine leads to 1 : —
Hypoxanthine { lnhemedmdeﬂmency
' in hypoxanthine-guanine
{ Inhibition of cell division el
Xanthine P Y
Xanthine 3 X0 fransferase
A e,‘, leads to 1
1 leaas to
u glcoggld u gfoggld Inhibition of DNA synthesis t
( ;) (Hlood) inT anc: B cells [ Lesch-Nyhan syndrome
f ] because I
Probenecid oy : | symptoms inciude
Sdﬁrwazmog : Immunosuppressive action ¥
NS hf Cognitive defects
Uric acid Uric acid P Self-mutilation
(urine) | (urine) Mycophenolic acid Skl
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